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Surgical management of malignant diseases represents an exemplary model of multidisci-
plinary management. The combined modality approach to the treatment of breast cancer 
patients that includes primary surgical treatment, radiation therapy, and chemotherapy needs 
careful integration of these modalities with the new methods of reconstructive breast cancer 
surgery. This book provides such a practical approach to the successful management of the 
disease. For this endeavor, the authors have assembled leaders in the field of oncoplastic breast 
surgery from around the globe to provide a truly international flavor for the reader. The content 
of this textbook is therefore relevant to clinicians around the world.

There are 49 chapters, with major sections covering topics ranging from the basic principles 
of plastic surgery to the difficulties of partial breast reconstruction, to the most advanced field 
of breast repair after mastectomy. Furthermore, there is a special section dealing with recon-
struction in particular subgroups of patients, such as the elderly, pregnant patients, and previ-
ously irradiated patients.

The breast is the heart of femininity, and although it is often exploited for commercial rea-
sons, it remains in the mind of every one of us as the true symbol of womanhood, with the role 
of nurturer, nourisher, and comforter. These gestures evoke a strong sense of affection and the 
importance that this delicate organ has in the minds of women, who combine the seductive 
aspect as well as the maternal role, of men, capturing the source of pleasure and desire, and 
also of children, who find satisfaction and the bond to life itself.

Here, therefore, the desire surfaces for every woman who has experienced breast cancer to 
rediscover pleasure in her own company, to reconcile with her own shaken femininity, offering 
the possibility to look in the mirror and rediscover the beauty of her own body, to develop the 
desire of pregnancy, to hold to the breast and nurture her own baby, and to be able to return to 
normal daily life, also grateful for the goals achieved by science today: increasingly more 
conservative surgery, with respect for women’s physical and psychological integrity, and 
reconstructions that allow the restoration of a natural looking breast, with minimum scarring.

In conclusion, this textbook is an excellent, user-friendly guidebook for anyone who cares 
for or treats patients with cancer of the breast, particularly residents, fellows, and practitioners 
of general surgical oncology, and, for this reason, it would be a worthy addition to most surgi-
cal and oncological libraries.

 Umberto Veronesi
European Institute of Oncology

Milan, Italy
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Surgery is still an important part of breast cancer treatment. Oncoplastic and Reconstructive 
Breast Surgery edited by Mario Rietjens and Cicero Urban is a major contribution to the surgi-
cal literature in the field of breast cancer. Although mastectomy and axillary lymph node dis-
section have been well-known techniques for many years, a novel approach for mastectomy 
should be reconsidered in the case of risk-reducing mastectomy or when a nipple-sparing 
mastectomy is proposed for selected breast cancers. Conservative treatment is now widely 
proposed in stage I and II breast cancer leading to wider glandular defects requiring immediate 
remodeling to avoid disabling cosmetic results. The attitude toward the axillary lymph nodes 
has changed in the last few years. Sentinel node techniques have been introduced successfully 
in patients with no tumors and can even be performed twice in cases of local recurrence after 
conservative treatment.

But the most recent change in breast surgery is the development of oncoplastic indications 
at the time of the primary surgery. A huge armamentarium of plastic surgery techniques is now 
available for performing immediate breast reconstruction or remodeling of the breast tissue in 
cases of wide tumorectomy. The technique of lipofilling represents a true revolution in plastic 
surgery and can be applied in many situations of breast cancer surgery, provided that statistical 
studies confirm the safety of the procedure in cancer patients. Indications for implants or autol-
ogous myocutaneous flaps should be discussed for each patient requiring an immediate total 
breast reconstruction. The most sophisticated techniques such as those using microsurgery 
require close collaboration between the different specialties as well as a high level of compe-
tence. This book provides an extensive description of all the techniques available today, with a 
most practical presentation for surgeons who want to extend their surgical knowledge. The 
chapters include not only details regarding surgical indications but also data about the risk of 
complications. The book will be extremely useful for both cancer surgeons trained in onco-
plastic surgery and plastic surgeons called upon to reconstruct the breast or to improve the 
breast morphology after extensive tumorectomies.

 Jean-Yves Petit
Plastic Surgery Division

European Institute of Oncology
Milan, Italy 

Foreword to First Edition
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The state of the art in oncoplastic surgery is to cope with unfavorable anatomy of relative tumor size 
and tumor location, to challenge complex local treatments and post-radiation breast surgery, and to 
remove cancer without mutilation and tumor not touching ink for invasive disease and at least 
10 mm in ductal intra-epithelial neoplasia (DIN). Oncoplastic surgery was not invented to extend 
unnecessary margins but to reduce re-excisions and recalls for distortion after prior breast conserv-
ing surgery (BCS) and to lower the rate of mastectomies to save social and medical resources.

Oncoplastic techniques are composed of aesthetic surgical interventions to solve benign, 
malignant, and aesthetic problems according to the individual anatomy of the breast, the cul-
ture of the given individual, and the available resources for the best treatment.

Radiotherapy is an integral part of BCS. Hence, breast conserving surgery can be consid-
ered in cases where radiotherapy is an oncological indispensable modality and the preservation 
of a natural breast is achievable by oncoplastic surgery. Tumor-adapted reductions represent 
the main purpose of OPS based on a variety of techniques by the use of local breast tissue. The 
local breast tissue requires RT, and hence, reductions are the ideal oncoplastic method without 
“jamming” of cosmetic outcome and oncology. The shifting of healthy tissue during the onco-
plastic reduction dislocates the tumor bed after excision. In order to avoid a local miss of the 
boost, the electron IORT, in our hands by the use of in situ application before the tumor 
removal, is proved advantageous to an external focusing.

The experience from post-radiation surgery after BCS for recurrence or aesthetic correction 
led to new promising protocols of primary radiotherapy (PRT) in locally advanced breast can-
cer (LABC) or more difficult cases.

The leading term, tumor-specific immediate reconstruction, was given by my teacher, John 
Bostwick III, to define oncoplastic surgery. This leading notion opens the perspective of mul-
tiple transitions from breast conserving and partial reconstruction to conservative mastectomy 
and immediate or delayed total reconstruction including backup techniques after prior 
BCS. Due to the increasing number of breast cancer in primarily aesthetic patients after prior 
augmentation and cancer complicated implants, new oncoplastic techniques of implant- based 
breast conserving and implant-based conservative mastectomy and reconstruction have been 
successfully developed.

Finally, the surgical surface of the operated breast and the individual body image in the mirror 
after oncoplastic surgery and immediate reconstruction after conservative mastectomy are uni-
form and sometimes better than before together with a psychological relief from cancer trauma.

In my view, the capacious textbook written by the most experienced and skilled breast sur-
geons in the world will be a milestone in the establishment of an acknowledged specialization 
and certificate in the form of a breast surgery license to cover comprehensively oncologic, 
reconstructive, and aesthetic surgery of the breast. Patients affected with breast cancer, female 
and male, can be saved without losing their belief in body image and beauty.

 Werner Audretsch
Department of Senology and Breast Surgery

Marien-Hospital Duesseldorf
Düsseldorf, Germany 
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It is with great pleasure that I write these introductory comments for the second edition of this 
important body of work on oncoplastic surgery. Most contributors to this text have dedicated 
their careers to improving the surgical care of patients faced with the traumatic diagnosis of 
breast cancer—a unique entity and a life-changing moment for each and every patient.

Historically, the surgeon has been the “quarterback” in the breast cancer patients’ care. We 
must ask why, and perhaps the answer lies in the depths of history and the halls of institutions 
that have pioneered treatment options for many decades. Reaching far into ancient history we 
learn that if left untreated, breast cancer becomes a ravenous enemy of a woman’s body 
destroying the breasts’ shape, form, and dignity by local consumption of normal tissues engulf-
ing the breast with fulminating spread of malignant disease. Not a pretty picture by any stretch 
of the imagination.

The field of oncoplastic surgery has come of age and is currently undergoing a long-awaited 
period of tremendous enthusiasm from surgeons around the world. For decades, surgeons met 
this philosophical approach to the breast cancer patient with trepidation—thinking it might 
compromise the surgeons’ ability to adequately treat the tumor effectively with the ominous 
prediction that poor patient outcomes could be the end result. However, history has proven 
otherwise. The few long-standing pioneers in oncoplastic surgery have proven that outcomes 
are not only substantiated, but in many if not most cases, patient outcomes are improved. The 
principles of oncoplastic surgery embrace the multidisciplinary approach with the highest 
standards placed upon the onocologic assessment and outcome—but without the need for total 
disregard and sacrifice of aesthetic principles.

Rather, oncoplastic surgery seeks the perfect blend of planning and execution of the surgi-
cal procedure(s) most appropriately aligned with multiple factors such as the patient’s personal 
risk factors, tumor location, histologic subtype, size, shape, contour of the breast, and most 
importantly, the patient’s desires. How does the patient feel about the breasts? What is their 
preference? Perhaps they have long awaited a breast reduction—and this would be the ideal 
procedure to remove a tumor in the lower pole of the breast? Or perhaps the patient has a 
genetic predisposition that is best treated with skin/nipple sparing mastectomy and immediate 
reconstruction?

In the past, the surgical management of breast cancer was judged solely on the basis of 
“survival rates” as the critical endpoint. However, from decades of experience we are clearly 
aware that in most cases, women with early breast cancer will achieve and enjoy excellent 
survival rates. Utilization of the oncoplastic approach to surgery facilitates a comprehensive 
surgical plan for most patients and ultimately will lead to improved patient outcomes that focus 
not only on the benefits of the oncologic treatment, but also on the benefits of achieving 
improved aesthetic outcomes customized to each patient in order to improve the quality of life 
women can enjoy for decades to come. This exciting textbook embodies the current 
“Renaissance Period” for oncoplastic surgery—bringing together the science and art of opti-
mizing breast cancer treatment in an efficient, cost-effective, and humanitarian manner.

Foreword to Second Edition
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I congratulate Dr. Cicero Urban and his colleagues on their achievement once again in 
bringing this important body of work to surgeons around the world seeking to integrate onco-
plastic techniques into their practice for the benefit of their patients. It has been my pleasure to 
contribute, and I hope each of you will reap the pleasure of seeing your patients not only sur-
vive but thrive throughout the years.

 Gail S. Lebovic, MA, MD, FACS
American Society of Breast Disease  

School of Oncoplastic Surgery
Dallas, TX, USA 

Foreword to Second Edition
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Non enim vivere bonum est, sed bene vivere
It is not well living, but living well.

Seneca

The unprecedented progress that breast surgery has experienced in the past century has led 
to a radical change of paradigms. It is no longer possible to dissociate aesthetic and oncology 
surgery. This interdisciplinary and translational feature represents a new stage for both breast 
surgery and plastic surgery all over the world.

Breast surgeons must have a thorough knowledge of the existing concepts in plastic surgery 
of the breast, as a plastic surgeon who regularly performs breast reconstruction procedures 
must also be familiar with oncologic principles of breast cancer surgery and keep up to date 
with developments in chemotherapy, hormonetherapy, radiotherapy, and monoclonal therapies 
which will influence surgical decisions. Many results considered unsatisfactory in reconstruc-
tive surgical procedures in the past are due to this lack of interdisciplinary understanding. 
Good reconstruction depends on choosing the technique that is most suitable for each patient’s 
aesthetic-functional condition and for the oncologic and clinical factors involved. It all begins 
with a well-performed and properly balanced oncologic surgical procedure—radical where it 
needs to be, but conservative and carefully performed in order to preserve breast tissue that 
will improve the patient’s quality of life while maintaining local control of disease.

Nevertheless, most breast cancer surgical procedures do not follow oncoplastic standards, 
and so patients still experience mutilation resulting from mastectomy without immediate 
reconstruction. It is important not simply to preserve life but also to preserve a good quality of 
life and to understand women in a holistic manner. The breast represents more than just its 
shape or function during the breast-feeding period. It is the true feminine identity itself, which 
goes through a period of great conflict when cancer is diagnosed. Surgery is a difficult and 
traumatic event that will affect one in every eight women, and it places breast cancer at the 
center of public health measures all over the world.

The scope of this book, with its 49 chapters written by renowned and experienced authors, 
is new. It approaches oncoplastic and reconstructive breast cancer surgery from the viewpoints 
of the fundamentals of molecular biology and breast anatomy, the basics of diagnosis and 
clinical therapeutics, ethics and bioethics, clinical oncology, psychology, and quality of life, 
evaluation of aesthetic outcomes, and oncoplastic and reconstructive techniques, which are 
described in detail. There is also an accompanying website where one can view videos of sur-
gical procedures conducted by the Plastic Surgery Division of the European Institute of 
Oncology in Milan (Italy) and from Hospital Nossa Senhora das Graças (HNSG) Breast Unit 
in Curitiba (Brazil). The various surgical techniques are clearly explained and demonstrated. 
By such an approach, we aim to link oncologic surgical principles with aesthetic-functional 
and reconstructive ones, which were in opposition for many decades. The radical approach of 
the past is now obsolete, with the utmost effectiveness obtained with minimal mutilation. More 
conservative breast surgical procedures, less radical mastectomies, preservation of the axilla 
with the sentinel lymph node technique, less aggressive techniques (such as recently developed 
intraoperative radiotherapy), individualized chemotherapy and target therapies through predic-

Preface to First Edition
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tive factors, and more accurate prognoses are all achievements associated with the develop-
ment of reconstructive techniques that are more efficient but less traumatic. They are what is 
today an inseparable oncologic-reconstructive-aesthetic-functional combination.

The patient, who is seen in a holistic way, doubtlessly enjoys the great benefit of this change 
in paradigms: physically, psychologically, and spiritually. It was exactly by bearing this thor-
oughness in mind that this work was designed, dedicated to all the professionals involved in 
breast health care and especially to surgeons. We would like to thank all the authors and col-
leagues who kindly and selflessly helped with the chapters, and especially Jim Hurley II, a dear 
friend and a skilled oncoplastic surgeon from Chambersburg (USA), for his final review of the 
English. We also sincerely thank and acknowledge Umberto Veronesi and Jean-Yves Petit, 
who have dedicated a great deal of their lifetime to patients with breast cancer and therefore 
have allowed women all over the world to benefit from their creativity and scientific 
knowledge.

Milan, Italy Mario Rietjens 
Curitiba, Brazil Cicero Urban  

Preface to First Edition
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Since the first edition of this great and successful book, significant advances have been made 
in oncoplastic and reconstructive breast surgery. There is no doubt anymore about the impor-
tance of preserving the breasts, symmetry, and quality of life to breast cancer patients. These 
principles have overlapped old prejudices and fears about combining in one surgery the goals 
of oncology and aesthetics.

Professor Umberto Veronesi, who wrote the foreword for the first edition, and the leader of 
breast conserving movement, sadly passed away in 2016. He left his legacy to new generations 
of breast surgeons in the twenty-first century. More, today, is not better. More radicalism, most 
of the time, means unnecessary mutilation and suffering to the patients. Without the consolida-
tion of breast conserving surgery in Milan trials in the 1980s, we probably would be spending 
more years doing mastectomies and axillary dissections, without reconstruction. Oncoplastic 
concept had arisen in this fertile field in the 1990s in Europe.

The spirit of this book remains the same—to provide in-depth concepts and techniques to 
all breast specialists by internationally recognized authors. This is not directed to one single 
specialty, but across specialty lines, covering a broad range of topics related to breast cancer 
treatment. It is necessary to recognize the positive impact of body integrity on the quality of 
life of breast cancer patients, who are living more, but sometimes, unfortunately, not better. So, 
all efforts should be done in order that all these advances in breast surgery reach most patients 
around the world.

With the significant improvement in survival, the medical community became more cogni-
zant of the quality of life after breast cancer. Patients’ satisfaction and assessment of their 
quality of life seem to directly correlate with their final appearance after breast cancer surgery, 
hence the growing interest and enthusiasm among surgeons in the field of oncoplastics and 
breast reconstruction. The debate about which specialty is entitled to perform this kind of pro-
cedure, or, if it is better to have a single or a double-team approach, is obsolete. Since both 
oncoplastics and breast reconstruction are methods, not specialties, we ought to focus on train-
ing to render these techniques available to all breast cancer patients. The real challenge to be 
faced is not “who” should or can do it, but on “how” best to do it. How to train surgeons, how 
to replicate it, and how to expand it? Training facilities and skills are worldwide the subject of 
debate, but the goals are the same.

Plastic surgery creativity and expertise, associated with surgical oncology principles, are 
the inspiration and mentors for the future of breast surgery. It should be a strong alliance. 
Effective surgical management of breast cancer requires a complete and deep understanding of 
both fields, since the patient is unique, and both long-term and disease-free survival should be 
accompanied with a good quality of life.

Preface to Second Edition
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South America, Europe, and the United States were together here. Many of the pioneers and 
leaders in this field are sharing their experiences in this unique book. Oncoplastic and 
Reconstructive Breast Surgery Second Edition was updated and extended with more chapters, 
authors, and videos. We deeply acknowledge all the contributors for their superb chapters and 
our families for their love and support.

Curitiba, Brazil Cicero Urban 
New York, NY Mahmoud El-Tamer
Milan, Italy Mario Rietjens 
New York, NY Virgilio S. Sacchini  

Preface to Second Edition



xix

Contents

Part I  Basic Principles for Oncoplastic and Reconstructive Breast Surgery

 1  Oncoplastic Surgery: The Renaissance for Breast Surgery  . . . . . . . . . . . . . . . . . 3
Gail S. Lebovic

 2  Oncoplastic and Reconstructive Anatomy of the Breast . . . . . . . . . . . . . . . . . . . . 13
Mahmoud El-Tamer, Cicero Urban, Mario Rietjens, Flavia Kuroda,  
and James Hurley II

 3  Breast Cancer Reconstruction Epidemiology. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
Joanna C. Mennie, Jennifer Rusby, David A. Cromwell, and Richard Rainsbury

 4  Hereditary Breast Cancer: Prophylactic Mastectomy,  
Breast Conservation, and Rates of Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Siun M. Walsh, Mark E. Robson, and Virgilio S. Sacchini

 5  Breast Imaging in Oncoplastic and Reconstructive Breast Surgery  . . . . . . . . . . 43
Linei Urban and Cicero Urban

 6  Magnetic Resonance Imaging of the Breast in Surgical Planning . . . . . . . . . . . . 71
Dana Haddad, Katja Pinker, Elizabeth Morris, and Elizabeth Sutton

 7  Breast Cancer Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Hannah Y. Wen and Edi Brogi

 8  Molecular Classification and Prognostic Signatures of Breast Tumors . . . . . . . . 129
Luciane R. Cavalli and Iglenir J. Cavalli

 9  Photographic Principles of Medical Documentation . . . . . . . . . . . . . . . . . . . . . . . 139
Murillo Fraga, Diego Ricardo Colferai, and Marcelo Sampaio

 10  Breast Cancer Patient and Reconstructive Consultation  . . . . . . . . . . . . . . . . . . . 143
J. Michael Dixon and Cameron Raine

 11  Aesthetic Principles for Breast Reconstruction: Breast Aesthetic  
Units and Evaluation of Late Aesthetic Results . . . . . . . . . . . . . . . . . . . . . . . . . . . 163
Marcelo M. C. Sampaio and Murillo Fraga

 12  Neoadjuvant Treatment in Breast Cancer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 173
Rui Wang and Chau Dang

 13  Adjuvant Systemic Therapy in Breast Cancer . . . . . . . . . . . . . . . . . . . . . . . . . . . . 179
Shari GoldFarb and Wanqing Iris Zhi

 14  Whole-Breast Radiotherapy After Breast-Conserving Surgery . . . . . . . . . . . . . . 195
Lior Z. Braunstein

 15  Radiotherapy: Principles and Consequences for Breast Reconstruction  . . . . . . 205
Roberto Orecchia, M. Cristina Leonardi, and Veronica Dell’Acqua



xx

 16  Postmastectomy Radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 215
Tracy-Ann Moo, Alice Ho, and Mahmoud El-Tamer

Part II  Oncologic Surgery

 17  Oncologic Principles for Breast Reconstruction: Indications and Limits . . . . . . 223
Patricia A. Cronin, Virgilio S. Sacchini, and Jennifer L. Marti

 18  Surgical Margins in Breast-Conserving Surgery . . . . . . . . . . . . . . . . . . . . . . . . . . 233
Anita Mamtani, Adriana D. Corben, and Monica Morrow

 19  Axillary Surgery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 247
Farin Amersi and Armando E. Giuliano

 20  Skin-Sparing Mastectomy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
Damian McCartan and Virgilio S. Sacchini

 21  Nipple-Sparing Mastectomy  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Damian McCartan and Virgilio S. Sacchini

Part III  Partial Breast Reconstruction

 22  Preoperative Planning for Oncoplastic Surgery  . . . . . . . . . . . . . . . . . . . . . . . . . . 275
Cicero Urban, Mario Rietjens, and Mahmoud El-Tamer

 23  Improving Breast Cancer Surgery: A Classification  
and Quadrant-per- Quadrant Atlas for Oncoplastic Surgery . . . . . . . . . . . . . . . . 285
Raquel F. D. van la Parra, Claude Nos, Isabelle Sarfati, and Krishna B. Clough

 24  Glandular Displacement Techniques . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 307
Siun M. Walsh and Mahmoud El-Tamer

 25  Glandular Displacement: The Swiss Experience . . . . . . . . . . . . . . . . . . . . . . . . . . 319
Christoph J. Rageth and Christoph Tausch

 26  Oncoplastic Surgery: Central Quadrant Techniques  . . . . . . . . . . . . . . . . . . . . . . 327
Kristine E. Calhoun and Benjamin O. Anderson

 27  Dome Mastopexy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 339
Mahmoud El-Tamer

 28  Round Block Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 347
Fábio Bagnoli, Guilherme Novita, Vicente Renato Bagnoli,  
and Vilmar Marques Oliveira

 29  Superior Pedicle Techniques  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 359
Flavia Kuroda, Cicero Urban, and Mario Rietjens

 30  Partial Breast Reconstruction: Inferior Pedicle Techniques . . . . . . . . . . . . . . . . . 365
Albert Losken

 31  Alternative Oncoplastic Techniques for Challenging Breast  
Conservative Surgeries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373
Régis Resende Paulinelli

 32  Pedicled Flaps for Volume Replacement in Breast Conserving Surgery . . . . . . . 403
Pankaj G. Roy, Jennifer Rusby, and Richard M. Rainsbury

 33  Nonconventional Techniques in Oncoplastic Surgery . . . . . . . . . . . . . . . . . . . . . . 421
Mario Rietjens, Cicero Urban, and Visnu Lohsiriwat

Contents



xxi

 34  Delayed Reconstruction After Breast- Conserving Surgery  . . . . . . . . . . . . . . . . . 433
Eduardo G. González

Part IV  Breast Reconstruction After Mastectomy

 35  History and Development of Breast Implants  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 455
Mario Rietjens, Marco Aurélio da Costa Vieira, Cícero Urban,  
and Visnu Lohsiriwat

 36  Breast Reconstruction with Temporary and Definitive Tissue Expanders . . . . . 463
Cicero Urban

 37  One-Stage Breast Reconstruction with Definitive Form-Stable Implants . . . . . . 473
Cicero Urban, Mario Rietjens, Flavia Kuroda, and Marylin Sanford

 38  The Use of Acellular Dermal Matrices in Implant-Based  
Breast Reconstruction. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489
Glyn Jones

 39  Immediate Implant-/ADM-Based Breast Reconstruction . . . . . . . . . . . . . . . . . . . 501
Michel Sheflan, Iain Brown, and Tanir M. Allweis

 40  Skin-Reducing Mastectomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 531
Gustavo Zucca-Matthes, Raphael Luis Haikel, and Angelo Matthes

 41  Autologous Latissimus Dorsi Breast Reconstruction . . . . . . . . . . . . . . . . . . . . . . . 541
Emmanuel Delay, Oanna Meyer Ganz, and Christophe Ho Quoc

 42  Monopedicled TRAM Flap  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 553
Andrea Manconi

 43  Bipedicled TRAM Flap . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 565
Paulo Roberto Leal

 44  Free Flap Breast Reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 573
Peter W. Henderson and Colleen McCarthy

 45  Delayed Breast Reconstruction After Mastectomy  . . . . . . . . . . . . . . . . . . . . . . . . 579
Cicero Urban, Flavia Kuroda, and Mario Rietjens

Part V  Management of Complications

 46  Prevention and Treatment of Infections in Breast Reconstruction  
with Implants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 589
Emannuel Filizola Cavalcante, Douglas de Miranda Pires,  
Régis Resende Paulinelli, Carolina Lamac Figueiredo,  
Carolina Nazareth Valadares, and Mariana dos Santos Nascimento

 47  Implant Exposure and Extrusion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 595
Christina Garusi and Visnu Lohsiriwat

 48  Physiopathology, Prevention, and Treatment of Capsular Contracture . . . . . . . 601
Alessia M. Lardi and Jian Farhadi

 49  Implant Rupture . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 609
Cicero Urban, Mauricio Resende, Fabio Postiglione Mansani,  
and Mario Rietjens

 50  Inframammary Fold Reconstruction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 615
Rodrigo Cericatto, Gabriela Dinnebier Tomazzoni, Fernando Schuh,  
Jorge Villanova Biazús, and José Antônio Cavalheiro

Contents



xxii

 51  Donor-Site Complications  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 625
Andrea Manconi, Jean-Yves Petit, and Dario Ribero

 52  Complications of Unipedicled TRAM Flap Reconstruction:  
Treatment and Prevention (and Their Influence on the Choice  
of the Reconstruction) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 633
Jean-Marc Piat

Part VI  Refinements After Breast Reconstruction

 53  Treatment and Care of the Scars in Breast Reconstruction . . . . . . . . . . . . . . . . . 647
Christina Garusi and Visnu Lohsiriwat

 54  Fat Grafting in Breast Reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 651
Mario Rietjens, Visnu Lohsiriwat, Cicero Urban, and Andrea Manconi

 55  Nipple-Areola Complex Reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 661
Francesca De Lorenzi, Benedetta Barbieri, and V. Lohsiriwat

 56  Revisions After Breast Reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 671
Eduardo Gonzalez and Gastón Berman

Part VII  Breast Reconstruction in Special Populations

 57  Immediate Breast Reconstruction in Pregnancy and Lactation . . . . . . . . . . . . . . 695
Cicero Urban, Cléverton Spautz, Rubens Lima, Eduardo Schünemann Jr,  
and Vanessa Amoroso

 58  Breast Reconstruction in Elderly. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 703
Francesca De Lorenzi, Benedetta Barbieri, and V. Lohsiriwat

 59  Breast Reconstruction and Radiotherapy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 709
Sophocles H. Voineskos, Christopher J. Coroneos, and Peter G. Cordeiro

 60  Immediate Breast Reconstruction in Previously Irradiated Patients  . . . . . . . . . 723
Cicero Urban, Gustavo Zucca-Matthes, Rene Vieira, Mario Rietjens,  
and Iris Rabinovich

 61  Breast Reconstruction After Aesthetic Surgery . . . . . . . . . . . . . . . . . . . . . . . . . . . 731
Fabricio Palermo Brenelli and Natalie Rios Almeida

 62  Thoracic Wall Reconstruction in Local Recurrences and Advanced Cases  . . . . 745
Lorenzo Spaggiari, Francesco Petrella, Alessandro Pardolesi,  
and Piergiorgio Solli

Part VIII  Other Special Considerations

 63  Stem Cells in Oncoplastic Breast Surgery  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 753
Premrutai Thitilertdecha and Visnu Lohsiriwat

 64  Systemic Treatment of Breast Cancer and Breast Reconstruction  . . . . . . . . . . . 763
Sergio D. Simon

 65  Systemic Impact of Breast Reconstruction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 769
Dario Trapani, Giuseppe Curigliano, Janaina Brollo,  
and Maximiliano Cassilha Kneubil

 66  Fat Transfer Safety in Breast Cancer Patients . . . . . . . . . . . . . . . . . . . . . . . . . . . . 775
Jean-Yves Petit

Contents



xxiii

 67  Oncologic Safety of Oncoplastic Surgery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 779
Siun M. Walsh and Mahmoud El-Tamer

 68  Preoperative and Postoperative Nursing Considerations  
for the Oncoplastic and Reconstructive Patient . . . . . . . . . . . . . . . . . . . . . . . . . . . 783
Liza L. Lagdamen, Maeve O. Benitez, Jennifer Fox, and Marian Fitzpatrick

 69  Aesthetic and Quality of Life After Breast Reconstruction  . . . . . . . . . . . . . . . . . 791
Gabriela dos Santos and Cicero Urban

 70  Psychological Aspects of Breast Reconstruction  . . . . . . . . . . . . . . . . . . . . . . . . . . 801
Barbara Rabinowitz

 71  Training Guidelines for Oncoplastic Surgeons: Recommendations  
for a Standardized Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 809
Gail Lebovic, Cicero Urban, Mario Rietjens, and James Hurley II

 72  Models for Oncoplastic and Breast Reconstruction Training . . . . . . . . . . . . . . . . 817
Gustavo Zucca-Matthes, Mauricio Resende, and Cicero Urban

 73  Bioethics and Medicolegal Aspects in Breast Cancer Reconstruction . . . . . . . . . 823
Cicero Urban, Iris Rabinovich, James Hurley II, Mario Rietjens,  
and Karina Furlan Anselmi

 Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 835

Contents



xxv

Tanir  M.  Allweis, MD Sarah Markowitz Breast Health Center, Kaplan Medical Center, 
Rehovot, Israel

Hebrew University Medical School, Jerusalem, Israel

Natalie Rios Almeida, MD Imama Clinic, Campinas, Brazil

State University of Campinas (UNICAMP – Brazil), Campinas, Brazil

Farin Amersi, MD Samuel Oschin Comprehensive Cancer Institute, Cedars-Sinai Medical 
Center, Los Angeles, CA, USA

Vanessa Amoroso, MD, MS Breast Unit, Our Lady of Grace Hospital, Curitiba, Paraná, 
Brazil

Benjamin O. Anderson, MD Department of Surgery, University of Washington, Seattle, WA, 
USA

Cícero Urban, MD, PhD Breast Unit, Our Lady of Grace Hospital and Positivo University 
Medical School, Curitiba, Brazil

Karina Furlan Anselmi, MD, BS Breast Unit, Our Lady of Grace Hospital, Curitiba, Paraná, 
Brazil

Fábio Bagnoli, MD Breast Unit, Gynecology and Obstetric Departament, Santa Casa de 
Misericórdia de São Paulo, São Paulo, Brazil

Faculdade de Ciências Médicas da Santa Casa de São Paulo (FCMSCSP), São Paulo, Brazil

Vicente  Renato  Bagnoli, MD Gynecology Departament, Faculdade de Medicina da 
Universidade de São Paulo (USP), São Paulo, Brazil

Benedetta  Barbieri, MD Division of Plastic Surgery, Euroepean Institute of Oncology, 
Milan, Italy

Divisione di Chirurgia Ricostruttiva, Division of Plastic Surgery, Milano, Italy

Maeve O. Benitez, BSN, RN, CBCN Breast Service, Department of Surgery, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA

Gastón  Berman, MD Mastology Department, Instituto de Oncología Angel H.  Roffo, 
Universidad de Buenos Aires, Buenos Aires, Argentina

Jorge Villanova Biazús, MD, PhD Breast Unit, Hospital de Clínicas de Porto Alegre, Porto 
Alegre, Brazil

Lior Z. Braunstein, MD Department of Radiation Oncology, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Fabricio Palermo Brenelli, MD, PhD State University of Campinas (UNICAMP – Brazil), 
Breast Surgery Division, Campinas, Brazil

Contributors



xxvi

Breast Surgery Division, BP Hospital (Beneficência Portuguesa de São Paulo), Sao Paulo, 
Brazil

Brazilian School of Mastology (Brazilian Society of Mastology), Sao Paulo, Brazil

Imama Clinic, Campinas, Brazil

Edi Brogi, MD, PhD Memorial Sloan Kettering Cancer Center, New York, NY, USA

Janaina Brollo, MD Medical Oncology, General Hospital of Caxias do Sul, Caxias do Sul, 
Brazil

Iain Brown The Mermaid Centre, Royal Cornwall Hospitals NHS Trust, Cornwall, UK

Kristine E. Calhoun, MD Department of Surgery, University of Washington, Seattle, WA, 
USA

Emannuel Filizola Cavalcante, MD Hospital Santa Casa de Misericórdia, Sobral, Brazil

José Antônio Cavalheiro, MD Breast Unit, Hospital de Clínicas de Porto Alegre, Porto 
Alegre, Brazil

Iglenir  J. Cavalli, PhD Genetic Department, Federal University of Parana, Curitiba, PR, 
Brazil

Luciane R. Cavalli, PhD Lombardi Comprehensive Cancer Center, Georgetown University 
Medical Center, Washington, DC, USA

Rodrigo Cericatto, MD Breast Unit, Hospital de Clínicas de Porto Alegre, Porto Alegre, 
Brazil

Krishna B. Clough, MD L’Institut du Sein—Paris Breast Center, Paris, France

Diego  Ricardo  Colferai, MD Brazilian Society of Plastic Surgery, Mastology Center at 
Sírio- Libanês Hospital, São Paulo, Brazil

Adriana D. Corben, MD Department of Pathology, Mount Sinai Health System, New York, 
NY, USA

Peter G. Cordeiro, MD Plastic and Reconstructive Surgical Service, Department of Surgery, 
Memorial Sloan Kettering Cancer Center, New York, NY, USA

Christopher J. Coroneos, MD, MSc Division of Plastic Surgery, Department of Surgery, 
McMaster University, Hamilton, ON, Canada

Surgical Outcomes Research Centre (SOURCE), McMaster University, Hamilton, ON, Canada

Marco Aurélio da Costa Vieira, MD Breast Unit, Hospital Garcia de Orta, Almada, Portugal

David A. Cromwell Clinical Effectiveness Unit, Royal College of Surgeons of England, 
London, UK

Patricia A. Cronin, MD Breast Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Giuseppe Curigliano, MD, PhD Division of Early Drug Development, European Institute of 
Oncology, Milan, Italy

Chau  Dang Westchester Medical Oncology Service, Breast Medicine Service, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA

Emmanuel Delay, MD, PhD Plastic Surgery Department, Leon Bérard Center, Lyon, France

Veronica Dell’Acqua Division of Radiation Oncology, IEO, European Institute of Oncology 
IRCCS, Milan, Italy

Contributors



xxvii

J. Michael Dixon, MD Edinburgh Breast Unit, Western General Hospital, Edinburgh, UK

Mahmoud El-Tamer, MD Breast Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Jian  Farhadi Department of Plastic and Reconstructive Surgery, Guy’s and St. Thomas 
Hospital, London, UK

Department of Plastic, Reconstructive, Aesthetic and Hand Surgery, University Hospital Basel, 
Basel, Switzerland

Centre for Plastic Surgery, Pyramid Clinic at the Lake, Zürich, Switzerland

Carolina Lamac Figueiredo Hospital Santa Casa de Misericórdia, Belo Horizonte, Brazil

Marian  Fitzpatrick, BSN, RN, CPSN Plastic and Reconstructive Surgical Service, 
Department of Surgery, Memorial Sloan Kettering Cancer Center, New York, NY, USA

Jennifer Fox, MSN, RN, OCN Plastic and Reconstructive Surgical Service, Department of 
Surgery, Memorial Sloan Kettering Cancer Center, New York, NY, USA

Murillo Fraga, MD, PhD Hospital Sírio Libanês, Plastic and Reconstructive Surgery, São 
Paulo, Brazil

College of Medical Sciences at Santa Casa in São Paulo, Brazilian Society of Plastic Surgery, 
Breast Reconstruction Center at Sírio-Libanês Hospital, São Paulo, Brazil

Oanna Meyer Ganz, MD Plastic Surgery Department, Leon Bérard Center, Lyon, France

Christina Garusi, MD Division of Plastic Surgery, European Institute of Oncology, Milan, 
Italy

Armando E. Giuliano, MD Samuel Oschin Comprehensive Cancer Institute, Cedars-Sinai 
Medical Center, Los Angeles, CA, USA

Shari GoldFarb Departments of Medicine, Epidemiology and Biostatistics, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA

Department of Medicine, Weill Cornell Medical Center, New York, NY, USA

Eduardo G. González, MD Division Mastology Department, Instituto de Oncología “Angel 
H. Roffo”, Universidad de Buenos Aires, Ciudad Autónoma de Buenos Aires (CABA), Buenos 
Aires, Argentina

Dana Haddad Department of Radiology, Memorial Sloan Kettering Cancer Center, New 
York, NY, USA

Raphael Luis Haikel, MD Breast Unit Barretos – BUB, Department of Breast Surgery and 
Reconstruction, Barretos Cancer Hospital, Barretos, SP, Brazil

Oncoplastic Training Center, Barretos Cancer Hospital, Barretos, SP, Brazil

Peter W. Henderson Department of Surgery, Memorial Sloan Kettering Cancer Center, New 
York, NY, USA

Alice Ho Breast Service, Department of Surgery, Memorial Sloan Kettering Cancer Center, 
New York, NY, USA

James Hurley II, MD Department of Breast Surgery, Chambersburg Hospital, Chambersburg, 
PA, USA

Glyn Jones, MD Department of Plastic Surgery, Proctor Hospital, Peoria, IL, USA

Maximiliano Cassilha Kneubil, MD Breast Surgery, General Hospital of Caxias do Sul, 
Caxias do Sul, Brazil

Contributors



xxviii

Flavia Kuroda, MD, MS Breast Unit, Our Lady of Grace Hospital, Curitiba, Paraná, Brazil

Breast Unit, Hospital Nossa Senhora das Graças, Curitiba, Paraná, Brazil

Liza  L.  Lagdamen, MSN, FNP-BC, CBCN Breast Service, Department of Surgery, 
Memorial Sloan Kettering Cancer Center, New York, NY, USA

Alessia M. Lardi, MD Department of Plastic and Reconstructive Surgery, Guy’s and St. 
Thomas Hospital, London, UK

Department of Plastic, Reconstructive, Aesthetic and Hand Surgery, University Hospital Basel, 
Basel, Switzerland

Paulo  Roberto  Leal, MD, PhD Department of Plastic Surgery and Reconstructive 
Microsurgery, National Cancer Institute (INCA), Rio de Janeiro, Brazil

Gail S. Lebovic, MA, MD, FACS Department of Surgery, School of Oncoplastic Surgery, 
Focal Therapeutics, Inc., Sunnyvale, CA, USA

M. Cristina Leonardi Division of Radiation Oncology, IEO, European Institute of Oncology 
IRCCS, Milan, Italy

Rubens Lima, MD Breast Unit, Our Lady of Grace Hospital, Curitiba, Paraná, Brazil

Visnu  Lohsiriwat, MD Faculty of Medicine, Department of Surgery, Siriraj Hospital, 
Mahidol University, Bangkok, Thailand

Francesca De Lorenzi, MD, PhD Division of Plastic Surgery, European Institute of Oncology, 
Milan, Italy

Faculty of Medicine, Department of Surgery, Siriraj Hospital, Mahidol University, Bangkok, 
Thailand

Albert Losken, MD, FACS Emory Division of Plastic and Reconstructive Surgery, Atlanta, 
GA, USA

Anita  Mamtani, MD Breast Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Andrea Manconi, MD Division of Plastic and Reconstructive Surgery, European Institute of 
Oncology, Milan, Italy

Fabio  Postiglione  Mansani, MD, MS Medicine, Breast and Gynecology Unit, State 
University of Ponta Grossa, Ponta Grossa, Paraná, Brazil

Jennifer L. Marti, MD Breast and Endocrine Surgical Oncology, Weill Cornell Medicine, 
New York, NY, USA

Angelo Matthes, MD Oncoplastic Training Center, Barretos Cancer Hospital, Barretos, SP, 
Brazil

Department of Gynaecology, Obstetrics and Mastology, Ribeirão Preto University (UNAERP), 
Ribeirão Preto, SP, Brazil

Damian McCartan, MD Breast Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Colleen McCarthy Department of Surgery, Memorial Sloan Kettering Cancer Center, New 
York, NY, USA

Joanna  C.  Mennie Clinical Effectiveness Unit, Royal College of Surgeons of England, 
London, UK

Douglas de Miranda Pires, MD Oncoplastic and Reconstructive Surgery Department, Santa 
Casa de Misericórdia, Belo Horizonte, Brazil

Contributors



xxix

Tracy-Ann Moo, MD Breast Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Elizabeth Morris, MD Department of Radiology, Memorial Sloan Kettering Cancer Center, 
New York, NY, USA

Monica Morrow, MD Breast Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Claude Nos, MD L’Institut du Sein—Paris Breast Center, Paris, France

Guilherme Novita, MD Breast Unit, Paulistano Hospital, São Paulo, Brazil

Vilmar Marques Oliveira, MD Breast Unit, Gynecology and Obstetric Departament, Santa 
Casa de Misericórdia de São Paulo, São Paulo, Brazil

Faculdade de Ciências Médicas da Santa Casa de São Paulo (FCMSCSP), São Paulo, Brazil

Roberto Orecchia, MD IEO, European Institute of Oncology IRCCS, University of Milan, 
Milan, Italy

Alessandro  Pardolesi Department of Thoracic Surgery, European Institute of Oncology, 
Milan, Italy

Raquel F. D. van la Parra, MD, PhD L’Institut du Sein—Paris Breast Center, Paris, France

Régis Resende Paulinelli, MD, PhD Mastology Program, Department of Gynecology and 
Obstetrics, Federal University of Goiás, Service of Gynecology and Breast, Hospital Araújo 
Jorge, ACCG (Associação de Combate ao Câncer em Goiás), Goiânia, Goiás, Brazil

Jean-Yves Petit, MD Division of Plastic Surgery, European Institute of Oncology, Milan, 
Italy

Francesco Petrella, MD Department of Thoracic Surgery, European Institute of Oncology, 
Milan, Italy

Jean-Marc Piat, MD Institut International de Sénologie, Clinique Rhéna, Strasbourg, France

Katja Pinker Department of Radiology, Memorial Sloan Kettering Cancer Center, New York, 
NY, USA

Christophe Ho Quoc, MD Plastic Surgery Department, Leon Bérard Center, Lyon, France

Iris  Rabinovich, MD, PhD Tocogynecology, Universidade Federal do Paraná, Curitiba, 
Paraná, Brazil

Breast Unit, Our Lady of Grace Hospital, Curitiba, Paraná, Brazil

Barbara Rabinowitz Creative Solutions, Southport, NC, USA

Christoph J. Rageth Brust-Zentrum, Zürich, Switzerland

Cameron Raine, MD Edinburgh Breast Unit, Western General Hospital, Edinburgh, UK

Richard  M.  Rainsbury, MD Department of Breast Surgery, Royal Hampshire County 
Hospital, Winchester, Hampshire, UK

Mauricio Resende, MD Department of Mastology, Federal University of Sergipe, Aracaju, 
Sergipe, Brazil

Dario Ribero, MD Division of Plastic Surgery, European Institute of Oncology, Milan, 
Italy

Mario Rietjens, MD PhD Division of Plastic and Reconstructive Surgery, European Institute 
of Oncology, Milan, Lombardia, Italy

Contributors



xxx

Mark E. Robson, MD Breast Medicine Service, Department of Medicine, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA

Pankaj G. Roy Breast Surgery, Oxford University Hospitals NHS Foundation Trust, Oxford, 
Oxfordshire, UK

Jennifer Rusby Department of Breast Surgery, Royal Marsden Hospital NHS Foundation 
Trust, London, UK

Virgilio S. Sacchini, MD Breast Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Marcelo M. C. Sampaio, MD Hospital Sírio Libanês, Plastic and Reconstructive Surgery, 
São Paulo, Brazil

Marylin Sanford, MD Alaska Breast Care and Surgery, Anchorage, AK, USA

Gabriela dos Santos, MD, PhD Breast Surgery, Universidade Federal do Rio Grande do Sul, 
Porto Alegre, Rio Grande do Sul, Brazil

Mariana dos Santos Nascimento, MD Santa Casa de Misericórdia, Belo Horizonte, Brazil

Isabelle Sarfati, MD L’Institut du Sein—Paris Breast Center, Paris, France

Fernando Schuh, MD, PhD Hospital São Cristovão de São Paulo, São Paulo, Brazil

Eduardo Schünemann Jr, MD, MS Breast Unit, Our Lady of Grace Hospital, Curitiba, 
Paraná, Brazil

Michel Sheflan, MD Scheflan Plastic surgery, Tel Aviv, Israel

Sergio D. Simon, MD Hospital Israelita Albert Einstein, São Paulo, SP, Brazil

Piergiorgio Solli Department of Thoracic Surgery, G.B. Morgagni Hospital, Forlì, Italy

Lorenzo Spaggiari, MD Department of Thoracic Surgery, European Institute of Oncology, 
Milan, Italy

University of Milan School of Medicine, Milan, Italy

Cléverton Spautz, MD, MS Breast Unit, Our Lady of Grace Hospital, Curitiba, Paraná, 
Brazil

Elizabeth Sutton, MD Department of Radiology, Memorial Sloan Kettering Cancer Center, 
New York, NY, USA

Christoph Tausch Brust-Zentrum, Zürich, Switzerland

Premrutai  Thitilertdecha, PhD Research Group in Immunobiology and Therapeutic 
Sciences, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, Thailand

Department of Research and Development, Faculty of Medicine Siriraj Hospital, Mahidol 
University, Bangkok, Thailand

Gabriela Dinnebier Tomazzoni Hospital de Clínicas de Porto Alegre, Porto Alegre, Brazil

Dario Trapani Division of Early Drug Development, European Institute of Oncology, Milan, 
Italy

Department of Oncology and Hematology, University of Milan, Milan, Italy

Linei Urban, MD, MS Breast Radiology, DAPI Clinic, Curitiba, Paraná, Brazil

Carolina Nazareth Valadares, MD Santa Casa de Misericórdia, Belo Horizonte, Brazil

Contributors



xxxi

Rene  Vieira, MD, PhD Mastology and Breast Reconstruction, Hospital do Câncer de 
Barretos, Barretos, SP, Brazil

Sophocles H. Voineskos, MD, MSc Division of Plastic Surgery, Department of Surgery, 
McMaster University, Hamilton, ON, Canada

Surgical Outcomes Research Centre (SOURCE), McMaster University, Hamilton, ON, Canada

Siun  M.  Walsh, MD Breast Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA

Rui Wang Memorial Sloan Kettering Cancer Center, New York, NY, USA

Hannah Y. Wen, MD, PhD Memorial Sloan Kettering Cancer Center, New York, NY, USA

Wanqing  Iris  Zhi Departments of Medicine and Regional Network, Memorial Sloan 
Kettering Cancer Center, New York, NY, USA

Gustavo Zucca-Matthes, MD, PhD Department of Mastology and Breast Reconstruction, 
Barretos Cancer Hospital, Barretos, SP, Brazil

Oncoplastic Training Center, Barretos Cancer Hospital, Barretos, SP, Brazil

Contributors



xxxiii

List of Videos

Video 22.1 Pre op draws Pitanguy’s Technique
Video 22.2 Pre op draws Round Block’s Technique
Video 22.3 Pre op draws Skin-Sparing Mastectomy
Video 26.1 Central Quadrantectomy with Oncoplastic Techniques
Video 28.1 Lipofilling and Round Block’s Technique
Video 28.2 Round Block’s Technique
Video 29.1 Inferior Quadrantectomy and Lejour’s Technique
Video 29.2 Quandrantectomy and Pitanguy’s Technique
Video 29.3 Oncoplastic Surgery with Lejour’s Technique
Video 29.4 Pitanguy’s Technique with ROLL
Video 30.1 Quadrantectomy and Inferior Pedicle
Video 36.1 Nipple Sparing Mastectomy and Implant
Video 36.2 Nipple Sparing Mastectomy and temporary expander
Video 37.1 Prophylactic Mastectomy
Video 38.1 Nipple Sparing Mastectomy, implant and ADM
Video 38.2 Nipple Sparing Mastectomy and ADM
Video 41.1 LD Flap
Video 42.1 Monopedicled TRAM Flap
Video 43.1 Bipedicled TRAM Flap
Video 54.1 Capsular Revision, Lipofilling and Nipple and Areola Reconstruction
Video 54.2 Lipofilling

Electronic Supplementary Material: Electronic supplementary material is available in the online version of 
the related chapter on Springer Link: http://link.springer.com/



Part I

Basic Principles for Oncoplastic  
and Reconstructive Breast Surgery



3© Springer International Publishing AG, part of Springer Nature 2019
C. Urban et al. (eds.), Oncoplastic and Reconstructive Breast Surgery, https://doi.org/10.1007/978-3-319-62927-8_1

Oncoplastic Surgery: The Renaissance 
for Breast Surgery

Gail S. Lebovic

1.1  Background

Since the beginning of recorded time, the breast has been a 
symbol of motherhood, femininity, and sexuality. It has been 
portrayed throughout history in works of art symbolizing 
each of these aspects of a woman’s life—and even in reli-
gious works of art, the breast has been memorialized as a 
central focus of a woman’s anatomy. Similarly, there is evi-
dence of the challenges and ravages of breast cancer dating 
back as far as the seventeenth century B.C. [1]. Many 
accounts of this dreaded disease are documented throughout 
history, and in some regards, the psychological fear and 
trauma associated with breast cancer have not changed much 
at all through the ages—even though our diagnostic abilities 
and treatment options have managed to dramatically improve 
the outcomes of women with breast cancer. One of the most 
comprehensive examinations of the breast throughout his-
tory was written by Dr. Marilyn Yalom. Her work illustrates 
how and why the breast has become such an important sym-
bol of femininity throughout history and why the breast con-
tinues to be so important to women in today’s modern 
societies [2]. Her description of the breast as both “life-giv-
ing” and “life- destroying” gives us the essence of why breast 
surgeons must be trained with a keen sense of blending sci-
ence and art.

When we examine the disease processes that affect the 
breast(s), the historical journey becomes complex and is one 
that is quite triumphant when looking at how far we have 
come. Early cases of breast cancer reported large fungating 
tumors that killed women quickly, and the entire experience 
was no less than horrific. Unfortunately, even though modern 
methods of detection have improved early diagnosis, physi-
cians still see late-stage tumors such as those described hun-
dreds of years ago (Fig. 1.1a, b).

As far as we can tell, although Hippocrates discussed the 
potential for removal of the breast, the first documented 
account of mastectomy is credited to Johan Schultes (1595–
1645). However, a detailed description of the operation was 
only published after his death in 1665 [3–5]. Early mastecto-
mies were made possible with the introduction of surgical 
instruments that allowed for very rapid removal of the dis-
eased tissue. Although the idea of removing the diseased area 
gained popularity, women often died from bleeding, infec-
tion, shock, or anesthetic complications. However, once 
anesthetic techniques were perfected, and antibiotics became 
a routine part of surgical regimens, success with removal of 
the breast was accomplished. As surgeons go, Halsted is 
most often credited as the innovative surgeon that perfected 
the technique of radical mastectomy in the United States in 
1882. In fact, Halsted achieved a 5-year cure rate of 40% 
which was highly regarded. In addition to his aggressive 
removal of tissue, other factors likely contributed to this suc-
cess rate as well, such as his use of antiseptic techniques and 
his use of rubber gloves. Apparently, Halsted had asked 
Goodyear to develop gloves in 1889. Other surgeons such as 
Crile and Haagensen were also important in the consistent 
move toward innovation in fighting breast cancer through 
surgery, and the Halsted radical mastectomy was the main-
stay of breast cancer treatment throughout most of the last 
century. In fact, it was used in over 90% of all breast cancer 
cases treated between 1910 and 1964 [6].

As we examine the results of the Halsted radical mastec-
tomy (i.e., removal of the entire breast including much of the 
skin along with the nipple-areolar complex, underlying pec-
toralis muscles and the axillary contents), we quickly begin 
to understand the physical and psychological challenges that 
women face(d) when deciding to undergo this presumed 
“life-saving” surgery (Fig.  1.2a, b). Although hundreds of 
thousands of women have lived through this life-altering sur-
gery, it is clear that the psychological impact on women 
undergoing mastectomy is profound and includes body 
image changes as well as many other emotional challenges 
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that must be addressed in order for successful adaptation to a 
“new way” of life. Table 1.1 illustrates some of the critical 
issues that most women struggle with after receiving a diag-
nosis of breast cancer. Each and every woman will weigh in 
differently on the priority of these things in their own par-
ticular life, but for most women, the single greatest challenge 
is the adjustment to their new body image.

The photo in Fig. 1.3 shows a woman many years after 
radical mastectomy of the right breast. In this photo her 
body language speaks to us, as it shows her stance with her 
right shoulder angled upward and forward in a manner 

a b

Fig. 1.1 Advanced breast cancer showing fungating lesions extruding through the skin

a

b

Fig. 1.2 Etchings of Halsted radical mastectomy showing enormous 
en bloc resection of the breast, underlying muscles, and overlying skin

Table 1.1 Emotional issues and breast cancer

• Fear, anxiety, and distress
• Depression
• Grief
• Body image
• Sexuality
• Fertility
• Planning for the future
• Social support system

Fig. 1.3 Patient following standard radical mastectomy. Note the body 
posture with the right shoulder slightly forward as if “guarding” or 
“hiding” the mastectomy site

G. S. Lebovic
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 suggestive of protecting, guarding, and/or trying to “hide” 
the area of her mastectomy. Many studies confirm that 
breast reconstruction assists women in their adjustment to 
mastectomy; however, it does not eliminate the need for 
psychological adjustment, and in fact, consideration to 
undergo breast reconstruction brings with it additional and 
somewhat different issues for a woman to grapple with 
(Table  1.2). It is essential for the breast surgeon to be 
trained—not only in the technical aspects of dealing with 
breast cancer—but with the skills to assist women strug-
gling with these difficult and often very delicate psychologi-
cal challenges as well.

1.2  Breast Surgery: Evolution 
of the Science

With women’s advocacy groups forming throughout the 
1960s–1970s, social awareness about breast issues and breast 
cancer began to change dramatically. Just a few decades ago, 
women were loathed to speak about breast cancer in social 
circles, whereas today, women take to the streets, gather by 
the thousands, and celebrate their successes in conquering 
their battle with breast cancer. This awakening coupled with 
the “feminist movement” of the 1970s created an environ-
ment for women to begin questioning their “rights” in the 
treatment of breast cancer. At the time, most women under-
went open surgical biopsy with preoperative consent for the 
surgeon to proceed with mastectomy if the frozen section 
was positive for cancer. One can only imagine how traumatic 
it was for women who faced the uncertainty of waking up 
from surgery with or without their breast(s). This practice 
soon came under scrutiny and ultimately called for the stan-
dard of care to include a preoperative confirmation of the 
diagnosis of cancer prior to mastectomy, as well as informed 
patient consent prior to surgery. There is no doubt that the 
work of well-known patient advocate Rose Kushner irrevers-
ibly changed history in regard to breast cancer treatment. She 
was the first breast cancer survivor to bring these issues to 
Washington and create legislation that helped fuel many 
changes in the United States. Her efforts were of paramount 
importance.

Although surgical removal of the breast was touted as a 
giant step forward in the treatment of breast cancer, no doubt 
surgeons and their patients both struggle(d) to accept this 
method as the “best” possible solution. For decades, a grow-
ing consciousness began to form about the possibility of 
imaging the breast in order to find tumors at an earlier stage. 
Thankfully, through the development of imaging techniques 
that ultimately led to screening mammography programs, the 
diagnosis of smaller and often “earlier” cancers was made 
possible. Thus, with the advent of modern- day breast imag-
ing and the diagnosis of earlier and often noninvasive tumors, 
improved survival rates and better treatment options became 
a reality [7–9]. For the breast surgeon, this included the 
notion that perhaps surgical treatment need not be so aggres-
sive. In addition, the interaction between physicians in dif-
ferent sub-specialties became popular as it was noted that a 
more comprehensive plan could be developed if and/or when 
a patients’ treating physicians communicated directly with 
one another in the best interest of the patient.

As radiologists began to diagnose smaller tumors, sur-
geons began to modify the techniques of Halsted, and they 
began saving the pectoralis muscles and more of the overly-
ing skin of the chest. Studies quickly noted that survival rates 
were equivalent to radical mastectomy, and thus the “modi-
fied” radical mastectomy became popularized. This huge 
change in breast surgery was most likely due to the earlier 
stage of disease at the time of diagnosis, but nonetheless, this 
changed breast surgery forever. As can be seen in Fig. 1.4, 
the standard modified radical mastectomy has a typical hori-
zontal scar across the breast area and in most cases does not 
require a skin graft for closure which was quite commonly 
needed with the radical mastectomy.

From here, surgeons began to hypothesize that perhaps 
the breast tissue itself (including the nipple-areolar complex) 
could be preserved if additional therapy (such as radiother-
apy and/or chemotherapy) were administered to help 
decrease or eliminate potential for recurrent disease. Of 
course the scientific community required classic studies to 
be performed in order to prove this hypothesis, and through 
decades of tedious clinical trials, Dr. Umberto Veronesi and 
his clinical group at the Milan Cancer Center ultimately 
proved this to be the case. Veronesi’s pioneering work and 
numerous other scientific studies by various surgeons around 
the world have shown that survival rates for women undergo-
ing breast conservation are equivalent to those having mas-
tectomy if, and only if, many factors are also taken into 
consideration such as appropriate selection of patients, wide 
excision of tumor with substantial clear histologic margins, 
and the use of adjuvant therapy (chemotherapy and/or radia-
tion therapy) as needed [10, 11]. Ultimately, with these criti-
cal decisions being made in the field of breast surgery and 
through the extraordinary courage and foresight of innova-
tive surgeons, scientists, oncologists, radiation oncologists, 

Table 1.2 Emotional pros and cons of breast reconstruction

Pros Cons
Feel whole again Fear
Maintain femininity Not essential for well-being
Balanced physically Too old to matter (i.e., being vain)
Marital/sexual acceptance Interfere with treatment
Avoid embarrassment of 
prosthesis

Concern about masking disease

Surgeon’s recommendation Uncertainty about breast appearance
Forget about disease Requires additional surgery, risk of 

complications
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and other breast cancer specialists working together, the field 
of breast surgery began to evolve dramatically, and it has 
never been the same since.

While the idea of breast conservation surgery became a 
reality, and surgeons and patients alike hoped that mastec-
tomy would become a distant historical footnote, studies 
ultimately showed that not all women were truly good can-
didates for breast conservation. Interestingly enough, not all 
women choose breast conservation either, and so the mas-
tectomy has remained a mainstay in the treatment of breast 
cancer. Two important questions remain, “how can we best 
identify suitable candidates for breast conservation” and, 
equally as important, “how can we improve the aesthetic 
appearance of the breast(s) following mastectomy?” In fact, 
the selection of appropriate patients for the appropriate pro-
cedure becomes the critical question for the breast surgeons’ 
judgment.

Given today’s current imaging techniques, as well as 
other sophisticated methods to assist with patient assessment 
such as genetic testing, the selection of appropriate patients 
has become much more comprehensive and precise. Today, 
preoperative assessment is the cornerstone of effective, effi-
cient, and appropriate breast surgery, and it is a vital exper-
tise that the breast surgeon must be able to offer in order to 
provide optimal care to patients.

Simultaneous to the changes occurring in the evolution 
of the “science” of breast cancer surgery, changes in the 
evolution of the “art” of breast surgery were occurring as 
well. These changes resulted in dramatic achievements in 
the field of plastic and reconstructive surgery, and breast 
reconstruction became the pinnacle achievement for many 
surgeons.

Prior to the parallel changes occurring in each sub- 
specialty involved in the care of the breast cancer patient, the 
surgeon had few choices in the decision-making process. 
The treatment of breast cancer was obvious and monoto-
nous—mastectomy (radical or modified radical) (Fig. 1.5). 
However, as diagnostic techniques improved and as treat-
ment options became more complex, the evolution of the 
multidisciplinary approach to the breast cancer patient 
became widely popularized, and today, the multidisciplinary 
approach is recognized as a much more efficient and effec-
tive method for treating patients. Today, this approach serves 
as the ideal model for treatment of breast cancer as well as 
many other diseases, and this approach allows us to achieve 
much better surgical outcomes (Fig. 1.6a–c).

a b c

Fig. 1.4 The left image (1.4a) shows the patient 30 years after bilateral 
modified radical mastectomies. She requested and underwent bilateral 
breast reconstructions (1.4b) which shows how the horizontal incisions 
result in a somewhat globular shape of the reconstructed breasts leaving 
them flattened at the central nipple-areolar area. Normally, this is the 
area of the breast with the most projection, but this limitation of the 

horizontal incision is quite signficant and also commonly results in the 
“dog ear” of excess tissue left behind at the lateral aspect of the breast. 
Even with these limitations, we can see that the breast reconstructions 
have had a positive impact on this patient’s body image with her 
regained self-confidence evidenced by her new lingerie (1.4c)

Breast Surgery
Historical Perspective

Open Surgical
Biopsy

Axilla
ry

Dissection
Mastectomy

Fig. 1.5 Historical perspective of breast surgery with a few of the pro-
cedures available throughout much of the last century
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1.3  Breast Surgery: Evolution of the Art

In parallel, to the changes occurring in the diagnosis of 
breast disease and the improvements in the treatment of 
breast cancer, the focus on the female breast became much 
more socially acceptable. With the introduction of televi-
sion, magazines, pornography, and more sexually directed 
marketing, the world’s view of a woman’s breast began to 
change since breasts were literally much more visible each 
and every day. Historically, being “well endowed” has long 
been a “virtue” that artists and writers have documented 
throughout the ages.

In the seventeenth century, Marinello became very inter-
ested in methods for preserving the beauty of the breast and 
his account of the perfect breast: “The breast of a beautiful 
woman should be wide and full of meat so that no sign of 

underlying bone be detected and the skin colour should be 
‘snow-white’. The beautiful neck is like snow but the breast 
is like milk ... the best breasts are small ones, round, firm, 
like the round and beautiful apple; they should neither be too 
attached nor too small ... two raw apples looking like ivory.” 
His description gives us a clear idea of how dedicated he was 
to developing the art of surgical methods to restore the 
breasts’ own natural beauty [3]. Many others were equally as 
interested in the “art” of breast surgery, and thus this field 
began to blossom and take shape.

Some of the earliest methods for breast enhancement 
relied simply on garments such as corsets and brassieres. 
These external means of enhancing the breasts, such as 
padded bras, remain popular today and are well evidenced 
by the multibillion-dollar lingerie industry. However, sur-
gical enhancement and correction of breast “deformities” 

Screening
Mammo

Risk Assessment,
Early Diagnosis,
& Improved Care

Multidisciplinary Approach
1970s-Present

a b

c

Implants

Reconstr

Techs

AxDissec SLN

Biopsy

Breast
Cons.

Minim
al

Inv B
x

Fig. 1.6 (a) Multidisciplinary approach showing many aspects to 
patient evaluation and work-up that can be used to assist with preopera-
tive planning and surgical decision-making. Mammo mammography, 
Inv Bx invasive biopsy, Cons. conservation, SLN sentinel lymph node, 
Ax Dissec axillary dissection, Reconstr Techs reconstruction tech-
niques. (b) Case example using a multidisciplinary approach and onco-
plastic surgical techniques. The patient presented with BRCA mutation, 
following bilateral prophylactic mastectomies with bilateral breast and 
nipple reconstructions. The final result shows skin-sparing mastecto-

mies, tissue expansion with ultimate bilateral submuscular saline 
implants, and nipple reconstructions. (c) Case example using a multi-
disciplinary approach and oncoplastic surgical techniques. The patient 
presented with bilateral ductal carcinoma in situ. Mastectomies with 
bilateral breast and nipple reconstructions were performed. The final 
result shows total skin-sparing mastectomies, with ultimate bilateral 
submuscular saline implants (no expansion needed) and nipple 
reconstructions
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has been an alluring challenge to surgeons since the late 
1800s. By the twentieth century, many surgeons were 
developing and refining various surgical techniques for 
improving the size, shape, and general appearance of the 
breasts.

While correction of large and ptotic breasts seemed 
important and interesting to women and the surgical com-
munity, many women were even more interested in methods 
for enlarging the breasts, and some of the earliest methods 
for breast enhancement utilized injectables such as paraffin 
wax and other substances. Unfortunately, most of these 
methods proved disastrous. In fact one of the first to inject 
paraffin into the breast for enlargement was Robert Gersuny, 
and he was also the first to describe paraffinomas in 1899. 
Later, Buck and Brockaert also described the poor results 
with this technique, and in fact the results were so bad that 
decades passed before other invasive techniques were even 
considered for breast enhancement.

However, as we all know, “necessity is the mother of 
invention,” and in 1950 J.H.  Grindlay and his colleagues 
implanted polyurethane sponges in an attempt to achieve 
permanent breast enlargement. While this technique was 
considered quite innovative, it too proved to be disastrous 
with the end result yielding severely fibrotic, hardened (cal-
cified) breasts that were usually misshapen and very unat-
tractive in appearance.

Later, substances like silicone oil and gel were introduced 
into the breast(s) via injection. Scientists and surgeons origi-
nally believed that these materials were biologically inert. 
However, injection of these materials into the breasts often 
results in a substantial inflammatory response, infections, 
etc. and ultimately led to the abandonment of these tech-
niques. Instead, the innovative idea of encapsulating these 
materials within a silicone rubber shell and placing these gel 
implants into the breast took hold, and the first implantable 
breast-enhancing “implant” devices were developed [3]. The 
ability to create a rubber silicone shell filled with physiologic 
saline created a lot of excitement as well, but the first saline-
filled implants were fraught with problems including fre-
quent rupture and severe rippling. Since virtually all of the 
first breast enhancements (augmentations) were performed 
in the subglandular position, the results were less than opti-
mal aesthetically. These initial saline implants were also 
prone to rupture because the shell was too thin and fold-fault 
fracture causing leaks and deflation were very common 
which led to the demise of the early saline-filled implants. 
The next monumental phase in the development of breast 
implants was continued refinement in the production of vari-
ous silicone materials and implants. These gels have various 
degrees of viscosity, making multiple different types of 
implants possible, including shaped implants for special situ-
ations. At last, the era of breast augmentation was on its way 
to success.

Numerous different types of breast implants were pro-
duced and marketed through the 1970s and 1980s, some with 
better rates of surgical success than others. It didn’t take long 
for surgeons to figure out that the utility of breast implants 
could be expanded to the realm of breast reconstruction. 
However, the paucity of the skin left after mastectomy cre-
ated some difficulty in regard to closing the skin wound over 
an implant. Once again the entrepreneurial spirit led to the 
development of the “tissue expander,” and this wonderful 
new implant allowed surgeons to begin the era of “immedi-
ate” breast reconstruction. Often these expanders can be left 
in place as the permanent implant. Most importantly, breast 
reconstruction with tissue expanders is much less invasive 
and difficult for patients than other types of reconstruction 
such as myocutaneous flaps. Thus, the patient has less pain, 
less recovery time, and less time away from work. Expanders 
are widely used throughout the world, and they remain the 
“workhorse” for breast reconstruction since they can be used 
for immediate and/or delayed reconstruction and can maxi-
mize the efficiency of breast reconstruction [12].

Breast reconstruction following mastectomy became 
hugely successful and popular in the 1980s until suddenly in 
1990 when implants were banned from clinical use in the 
United States by the FDA. This sparked a global examination 
of silicone gel implants in an attempt to examine various 
problems that some felt might be associated with breast 
implants. Ultimately, after extensive review and with addi-
tional changes and new developments in the manufacturing 
process, silicone gel implants were reintroduced into the sur-
gical domain. Currently, they are widely used throughout the 
world and allowed limited use once again in the United 
States under guidelines outlined by the FDA [13].

Many scientists agree that in fact, it is not the implants 
themselves that are responsible for some of the difficulties 
encountered following breast augmentation and/or recon-
struction. There are numerous factors that contribute to out-
comes following aesthetic and reconstructive breast surgery 
including patient selection, surgical technique, and 
 postoperative complications such as seroma, hematoma, or 
subclinical infection. While selection of a specific implant is 
important, other factors such as surgical approach (submus-
cular versus subglandular) and surgical technique are also 
critical in achieving optimal outcomes.

In reviewing the enormous changes that have occurred in 
breast surgery during the past 40 years, it is quite interesting 
to note the parallel changes that occurred in breast cancer 
surgery as well as cosmetic and reconstructive breast sur-
gery. Interestingly, while the process of breast augmentation 
may seem very different from breast reconstruction, most of 
the critical issues needed to obtain excellent outcomes are 
shared in common between the two. This includes many of 
the psychological and preoperative patient assessment 
issues as well. Consider first those patients undergoing 
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augmentation or other elective breast surgery. These women 
should undergo a thorough multidisciplinary preoperative 
work-up quite similar to those that all breast cancer patients 
endure. Although in one group of these patients cancer has 
already been diagnosed, women undergoing elective breast 
surgery should be screened for potential breast cancer risk 
since later in life they will face the need for screening mam-
mography, etc. [14]. This consideration is critical to the 
patient when choosing various aspects of the augmentation 
such as implant type, placement, etc. Thus, we see how 
quickly the lines begin to blur between surgical oncology 
and aesthetic breast surgery.

It is precisely for these types of observations that in the 
late 1980s and early 1990s, a few surgeons scattered around 
the world began to have similar thoughts about the approach 
to breast surgery. Independently, each of them began to blend 
the principles of surgical oncology with those of aesthetic 
and reconstructive surgery resulting in the birth of oncoplas-
tic surgery. At least a decade later, surgeons began to sub- 
specialize in breast surgery; however the evolution of the 
training programs for this sub-specialty has varied widely in 
various environments and is in critical need of updating and 
expanding the curriculum and standardization.

1.4  Oncoplastic Surgery: Blending 
Science and Art

Part of the difficulty for today’s breast surgeons stems from 
the historical development of surgical sub-specialties and 
breast surgery in particular. Because most breast cancer sur-
gery was performed (and often still is) by general surgeons, 
and because reconstructive surgery remained in the solitary 
domain of the plastic and reconstructive surgeons, the care of 
breast patients has been quite fragmented in its approach; see 

Fig. 1.7. Historically the general/breast surgeon was primar-
ily concerned with issues relating to cancer. Their focus was 
primarily on the oncologic portion of the surgical interven-
tion, and their surgical plan remained separate from the 
patients’ needs, wants, and desires in regard to reconstructive 
and/or breast surgery to create symmetry between the two 
breasts. Since breast cancer surgery inherently creates a “net 
asymmetry” between the two breasts, the surgeon cannot 
ignore the impact this has on the patients’ psychological 
well-being and feeling of “wholeness” since most women 
are seeking symmetry as the ultimate outcome.

As described in the sections above, the way that breast 
surgery evolved resulted in a fragmented approach and often 
did not result in the best outcomes for the patient. Thus, 
those surgeons committed to sub-specializing in breast sur-
gery began to practice “oncoplastic surgery” by combining 
or blending the principles of surgical oncology with those of 
plastic and reconstructive surgery. As illustrated in Fig. 1.8, 
the objective is to change the fragmented surgical approach 
to one that is more complete utilizing a multidisciplinary 
approach to the patient and planning the patients’ surgery in 
a comprehensive fashion. The ideal situation would be to 
have each and every “breast surgeon” trained as an “onco-
plastic surgeon”—that is to say that the terms would be syn-
onymous. This would allow the breast surgeon to take care of 
the patients’ needs, wants, and desires. There are numerous 
advantages to this approach for the patient and for the sur-
geon as well. While this may be possible for the future, 
unfortunately, due to the way that breast surgery evolved, at 
this point, relatively few breast surgeons are trained and 
competent in all of the skills required to practice in this 
manner.

The term “oncoplastic surgery” was first coined by Dr. 
Werner Audretsch and was meant to describe this inte-
grated “holistic” approach to the breast cancer patient. In 

Fragmented Approach

Risk Assessment
Patient’s Desires

Size, Shape
Skin Sparing

Contralateral Breast

Risk Assessment
Imaging

Diagnostic Biopsy
Tumor Removal

Lymph Node Status
Adjuvant Treatment

Patient

Oncoplastic
Surgeon

Surgical
Oncology

Aesthetic
&

Reconstructive

Fig. 1.7 Most commonly, the 
approach to the breast surgery 
patient is fragmented. This 
usually requires two surgeons 
with distinctly different goals 
and concerns
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effect, it is also used to describe the training required by 
the breast surgeon in order to be fully aware of the avail-
able and appropriate procedures for each patient seeking 
care. That is not to say that every breast surgeon must per-
form these procedures alone. On the contrary, oncoplastic 
surgery can be practiced in a team setting where a surgical 
oncologist works directly with a plastic and reconstruc-
tive surgeon, but this should not preclude the ability of the 
breast surgeon to be trained and become proficient in all 
of the procedures necessary to perform all aspects of 
breast surgery.

Although the surgical community in general lagged well 
behind in their acceptance of this approach, eventually in the 
late 1990s, a multidisciplinary breast training fellowship was 
established in the United States. However, these fellowships 
were limited in their scope and did not train fellows to per-
form the cosmetic and/or reconstructive breast procedures 
necessary to practice in a comprehensive fashion. Since the 
year 2000, much debate has ensued over this issue, and 
unfortunately much of the debate stems from deeply 
ingrained territorial discussions between specialists rather 
than a productive realignment in the best interest of the 
patient. The goal ultimately is to provide patients with the 
most effective and efficient care, and in doing so, it will be 
necessary to revitalize and expand the curriculum for the 
multidisciplinary breast fellowships [15, 16]. Since it has 
now been more than 10 years since the inception of the mul-
tidisciplinary breast training fellowships, expansion of the 
training curriculum is most appropriate at this time. Table 1.3 
illustrates the various surgical procedures that the current US 
fellowship trained breast surgeons are skilled in versus those 

that need to be added to their training curriculum in order to 
be competent in oncoplastic surgery.

The international community has been farther ahead in 
the adoption of oncoplastic surgery as compared to the 
United States. Thus, in order to formulate criteria for updat-
ing the multidisciplinary breast fellowships, an International 
Steering Committee was convened. This team of breast spe-
cialists included all disciplines included in breast healthcare 
as well as highly regarded oncoplastic/breast surgeons from 
seven different countries. Representative breast surgeons 
with their board certifications in general surgery and ob/gyn 
and plastic and reconstructive surgery were all present at the 
meeting and contributed to the outline for the recommended 
training guidelines. Each of the surgeons on the committee 
had been practicing oncoplastic surgery for a minimum of 
10  years, and all were in agreement on formulating these 
guidelines for future breast surgery training programs.

As with all specialties establishing guidelines for training, 
it is important to consider those clinicians already currently 
in practice that may be “grandfathered” in to a newly estab-
lished program. Furthermore, it is important to consider vari-
ous practice environments and the locoregional differences 
in training. However, as a result of the discussions with this 
esteemed group of clinicians, a consensus among them was 
reached and included a classification system for those sur-
geons already trained in breast surgery that do not have the 
training or skills to provide comprehensive types of breast 

Oncoplastic Approach
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Fig. 1.8 An integrated approach will result from changing the training 
curriculum and skills requirements of the multidisciplinary breast 
fellowships. In this manner, the breast (oncoplastic surgeon) will be 
knowledgeable to work either in a team setting or independently with 
the required skills to care for the patient in a more integrated fashion

Table 1.3 Recommended curriculum for oncoplastic surgery training

Oncoplastic curriculum
Levels Disciplines Credits/hours
Basic core 
disciplines

•  Breast cancer molecular 
biology

10/20

•  Anatomy and physiology of 
the breast

10/20

• Epidemiology 5/20
•  Bioethics and legal 

medicine
5/20

• Medical photography 5/10
• Radiology of the breast 10/20
• Breast pathology 10/20
• Radiotherapy 5/10
•  Breast cancer clinical 

oncology
10/20

•  Psychosocial aspects of 
patient care

Basic surgical 
training

•  Minimally invasive biopsy 
techniques

10 cases

•  Sentinel lymph node biopsy 
techniques

10 cases

• Level II techniques 10 cases
• Level III techniques 10 cases

Advanced surgical 
training

• Level IV techniques 10 cases

Total minimum 
credits

70 credits/160 h
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surgery as well as those that already do have these skills. 
This is most important as the training fellowships revisit 
their current curriculum and prepare to update and expand 
their program training modules.

Table 1.4 illustrates the definition of the four different lev-
els of oncoplastic surgery practice, and Table 1.5 defines rec-
ommended curricular activities necessary to gain competence 
in each area. Of key importance is Level IV since this 
requires additional specialty training in myocutaneous flaps 
in order to be proficient in this area.

1.5  Conclusions

Often as surgeons we become so focused on the conquest of 
eliminating disease that we forget about the “person” sitting 
in front of us who has just had their life turned on its end, and 
from that day forward, they will never be the same again. 
The role of the surgeon in this dynamic process can be good 
news, or it can be very bad news. Even more difficult are the 
images that are conjured up within a patient’s mind in regard 
to how they will look after surgery and how their friends, 

family, and partner will feel about their newly formed body. 
These questions loom large over every woman facing breast 
surgery—and many of these same questions apply whether 
or not a woman faces a diagnosis of breast cancer or she is 
having elective breast surgery. Any woman who has decided 
or who needs to have breast surgery understands their life 
will never be the same in some manner. We as surgeons need 
to truly understand this, and our approach to patient care 
must revolve around this premise.

Most women seeking breast surgery (cosmetic and/or 
reconstructive) prefer having one surgeon that they trust 
perform their surgery, and they do not take kindly, nor do 
they understand the logic behind having two surgeons or 
having to see a surgeon who might not “specialize” in breast 
surgery for a procedure such as a breast reduction. Likewise, 
it makes no sense that a “breast surgeon” does not know 
how to perform a breast reduction or breast lift. As evi-
denced by the extraordinarily low numbers of women hav-
ing breast reconstruction after mastectomy, it becomes clear 
that this current, fragmented approach to breast surgery 
actually acts as a deterrent to patients seeking optimal breast 
care and it is time for a change in the training of breast sur-
geons around the world. Being a breast surgeon with the 
ability to guide a patient through the challenging journey of 
breast cancer is most certainly a privilege; however the only 
greater satisfaction comes with being able to practice fully 
integrated breast surgery with the skills of an oncoplastic 
surgeon—a breast surgeon skilled in the science and art of 
helping a patient fulfill their needs, wants, and desires.
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Oncoplastic and Reconstructive 
Anatomy of the Breast

Mahmoud El-Tamer, Cicero Urban, Mario Rietjens, 
Flavia Kuroda, and James Hurley II

2.1  Introduction

Breast cancer surgery has gone through various changes, and 
has become more complex and biologically individualized. 
Although the concern with local control of disease has still 
persisted, this is currently associated with an aesthetic- 
functional concept. Therefore, breast anatomy in the way it 
was traditionally approached requires updating. Form, vol-
ume, inframammary fold (IMF), height, and breast projec-
tion, as well as size and shape of the nipple and areola 
complex, lipo-substitution level, and ptosis, are some of the 
points concerning surface anatomy that have acquired more 
importance within the oncoplastic and reconstructive con-
text. Similarly, the abdominal wall and the dorsal structure of 
the thorax must be part of the surgeon’s background, as one 
needs to have a full reconstructive and oncoplastic view in 
order to make more adequate surgical decisions. In this way, 
aesthetic-functional breast anatomy is essential to recon-
structive breast cancer surgery. The spatial organization of 
the mammary ducts, the vascularization, and the innervation 
involve relevant therapeutic implications in the era of senti-

nel node and oncoplastic surgery, so the reconstructive breast 
surgeon must be aware of all of these anatomic relationships. 
It is within such a perspective that this chapter has been 
developed, to detail the anatomical nuances of the breast and 
their respective impact on different oncoplastic surgical pro-
cedures to achieve an excellent cosmetic result with the low-
est complication rate.

2.2  Surface Anatomy of the Breast

The breasts are the most superficial aspect of the anterior 
chest wall. The skin immediately over the breast tissue is 
characterized with a nipple-areola complex (NAC), centrally 
located in young adults.

The breasts extend between the second and the sixth 
ribs, overlying the pectoralis major muscle superomedi-
ally, and the serratus anterior muscle in the lower third and 
medial areas. In women with large cup size, the breast may 
reach up to the clavicle. Considering horizontal dimen-
sions, they lie from the lateral edge of the sternum up to 
the mid axillary line [1, 2]. This extension is critical, as it 
represents the size of the IMF, the so-called breast base, 
frequently used as a reference for the choice of implants or 
flaps in breast reconstruction. Differences in this base are 
known as a significant cause of asymmetry, and it is criti-
cal that the IMF is maintained or reconstructed in breast 
cancer surgery.

The breast extends into the axilla beyond the anterior axil-
lary line; this extension is called the tail of Spence. In adult 
women, after puberty, the breast has the shape of a drop, 
assuming the shape of a cone in nulliparous women, and a 
more pendulous contour in multiparous women.

Determining factors for mammary aesthetics are volume, 
parenchyma distribution, tissue elasticity, location and 
appearance of NAC, quality of the skin envelope, and the 
relation between the final shape of the breast, thoracic wall, 
and the body [10].
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The normal breast has good skin and parenchyma elastic-
ity, and most of the volume is located at the inferior and lat-
eral pole. The NAC is generally located in the fourth and fifth 
intercostal spaces in males and prepubescent children. In an 
adult woman, the position of the nipple areola varies depend-
ing on the degree of ptosis and size of the breast. The areola 
is usually round with variable diameter. The nipple, placed at 
the central region of the areola, has between 4 and 15 mm of 
projection, and is where the lactiferous ducts converge in a 
number ranging from 15 to 20 (5–9 true mammary duct ori-
fices and other sebaceous glands, tubercles, and tubes) [3]. It 
contains a huge concentration of nerve sensorial termina-
tions and an abundant lymphatic system called the subareo-
lar or Sappey’s plexus [4–6].

Many studies have reported that women’s breasts are 
more frequently asymmetric [7, 8]. In a recent study, Avsar 
et al. measured anthropometric breast values in 386 female 
students and reported symmetric breast volume in only 35% 
of subjects [9]. Multiple studies have been done over the 
years on all aspects of breast anatomy, including arterial sup-
ply, venous drainage, and lymphatic patterns. Discrepancies 
have existed in the published literature in aspects such as 
lymphatic mapping, dominant arterial supplies, and general 
vascular patterns. Information presented in the following 
paragraphs represents the most current research and findings. 
Along with the currently supported theories, we have also 
listed papers of historical precedence that are of interest and 
relevance to all surgeons.

The blood is supplied to the NAC by the internal mammary 
artery via its perforating branches, by the anterior intercostal 
arteries, by the lateral thoracic artery, and by branches from 
the axillary artery. The internal mammary artery is the main 
and constant contributor of blood to the NAC by means of its 
perforating branches numbering from 1 to 4, and anterior 
intercostal branches numbering from 4 to 6 [2–6, 10].

The color of the NAC has particular importance, as it var-
ies according to ethnicity. It is a factor to be considered for 
reconstruction and for the final aesthetic result of the breast. 
It contains sebaceous and sudoriferous glands as well as an 
intermediate type of mammary and sudoriferous gland called 
Montgomery’s glands. These open at the Morgagni’s tuber-
cles and are able to secrete milk. There are also smooth mus-
cle fibers in the areola, and through certain stimuli, they can 
contract, reducing the size of the areola and projecting the 
papilla forward [2, 4, 5].

The relationship between NAC and the IMF, within this 
context, can also differ according to the breast and the 
patient’s age. The nipple is usually located between 19 and 
25 cm from the manubrium, between 9 and 12 cm from the 
medial line of the sternum, and between 7 and 10 cm from 
the IMF. These distances are relative and may vary according 

to the ethnic origin of the patient, though not representing an 
anatomical abnormality (Fig. 2.1).

2.3  Surgical Anatomy of the Breast

2.3.1  Fascia

The breast is enveloped by a pseudofascial plane: the super-
ficial fascia of the anterior thoracic wall. This fascia splits 
into an anterior and a posterior layer. The posterior or deep 
layer of the superficial fascia is found posterior to the breast 
tissue, overlying the retromammary space and pectoralis 
muscle fascia. The retromammary bursa is a distinct space 
between the posterior fascia of the breast and the pectoralis 
fascia, which facilitates mobility of the breast over the chest 
wall. The superficial fascia joins the cervical fascia at the 
level of the second intercostal space and superficial abdomi-
nal fascia of Camper below the inframammary line. The 
anterior border of the breast is thought to lie in the subdermal 
plane [11].

2.3.2  Raising Flaps

The identification of the appropriate plane is crucial when 
creating flaps for breast-conservation surgery or mastectomy. 
Immediately below the skin lies the subdermal system, the 
subcutaneous tissue, and, finally, the breast parenchyma 
(Fig. 2.2) [11].

A dissection in between the subdermal and subcutaneous 
system results in excision of all breast tissue and preserva-
tion of adequately perfused flaps (Fig.  2.2, Plane 1). 
Figure  2.3 shows the actual plane during a mastectomy. 
While raising flaps for the repair of the defect, we recom-
mend that flaps be raised between the subcutaneous tissue 
and the breast (Fig. 2.2, Plane 2), a plane we have labelled as 
the glandular plane.

When utilizing tumescent injection and sharp dissection 
for creating flaps, the tumescent solution is injected into the 
subcutaneous space, and dissection proceeds between the 
subcutaneous space and the subdermal system. Skin flap 
thickness varies between patients. In the same patient, the 
thickness of the flaps varies in different locations. We sug-
gest using the superficial fascial plane as a guide for raising 
skin flaps during a mastectomy in lieu of a specific flap thick-
ness. Blood loss is minimal when surgeons use the appropri-
ate plane because the connecting vessels between the breast 
and the subdermal tissue are miniscule. The superficial fas-
cial plane should be used in all type of therapeutic or prophy-
lactic mastectomies (Fig. 2.3).

M. El-Tamer et al.
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Fig. 2.1 The relationship between the nipple-areola complex and the inframammary fold

Fig. 2.2 Raised flaps between the subcutaneous tissue and the breast. 
(1) Subdermal plane. (2) Subcutaneous plane (Used with permission 
from El-Tamer M, ed. Principles and Techniques in Oncoplastic Breast 
Cancer Surgery. World Scientific Publishing 2013; Singapore)

Fig. 2.3 Actual plane during a mastectomy (Courtesy of Dr. Mahmoud 
El-Tamer, Memorial Sloan Kettering Cancer Center, New York, NY, 
USA)

2 Oncoplastic and Reconstructive Anatomy of the Breast
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2.3.3  Ligaments of Cooper and Horizontal 
Septum

The deep and superficial layers of the superficial fascia are 
linked through fibrous bands, known as ligaments of Cooper. 
These ligaments originate from the pectoralis fascia at the 
level of the fifth rib and extend into the overlying skin as well 
as the pectoralis major muscle, dividing the breast tissue into 
septae and aiding in suspending the breast to the chest wall 
[12, 13].

A ligamentous septum comprising a horizontal fibrous 
septum originating from the pectoralis fascia at the level of 
the fifth rib and its vertical ligamentous suspension provides 
medial and lateral lines of fixation on either side of the breast 
[13]. This also gives rise to a superficial aspect that merges 
into the overlying skin [13]. The medial superficial ligament 
is thought to be weaker and stretches into the skin overlying 
the sternum. The lateral stronger superficial ligament creates 
a strong connection between the pectoralis minor as well as 
the skin and overlying fascia of the axilla along the midaxil-
lary line, producing the axillary hollow [13]. The superficial 
part of the horizontal septum is a thickening of the ligaments 
of Cooper, stretching for the same origin at the level of the 
fifth rib to the inframammary line [13].

The horizontal ligamentous septum guides the neurovas-
cular supply of the breast and NAC. Varying degrees of pto-
sis are a direct reflection of the laxity of the ligaments of 
Cooper.

Between the breast and the pectoralis major fascia exists 
the space known as the retromammary bursa, which facili-
tates the mobility of the breast on the chest wall. Adhering to 
this space while raising local flaps for breast- conservation 
surgery is crucial to the viability of the breast tissue; it will 
preserve the integrity of the neurovascular supply to the 
breast tissue and minimize fat and tissue necrosis, particu-
larly in older women with fatty breasts.

2.3.4  Blood Supply to the Breast 
and Overlying Skin

Salmon developed a successful injection technique in 
cadavers that allowed him to delineate the arterial supply 
of the breast in fine detail [14]. He found that the blood 
supply to the breast originated from three systems, the 
axillary, internal mammary, and intercostals, which are 
more commonly known today as the lateral mammary, 
internal mammary, and intercostal branches. The inferior 
and central pedicles of the breast were thought to be hypo-
vascularized [15]. This idea was challenged by Salmon, 
who attributed this misconception to an inadequate injec-
tion technique. He has proposed that the inferior and cen-
tral portions of the breast receive arterial supply from 

perforators through the  pectoralis muscle. These perfora-
tors are well visualized during a mastectomy while taking 
the breast off the pectoralis major muscle. Figure 2.5 rep-
resents a magnetic resonance imaging (MRI) reconstruc-
tion of the blood supply of the breast, clearly showing the 
lateral mammary, internal mammary, and intercostal 
perforators.

2.3.5  Lateral Mammary Artery

This artery supplies the lateral aspect of the breast; it is a 
direct branch of the axillary artery or one of its tributaries 
[16]. Salmon has observed the lateral mammary artery to 
arise from the external mammary artery, lateral thoracic 
artery, or directly from the axillary artery [14]. Occasionally, 
it is referred to as the lateral thoracic artery, which is thought 
to be incorrect, as the lateral thoracic artery supplies the lat-
eral upper chest wall. The lateral mammary artery enters the 
breast over the axillary tail laterally at the level of the third or 
fourth rib. The artery runs superficially and takes an anterolat-
eral course, sending branches into the breast tissue, the over-
lying skin, and the chest wall (Fig.  2.4). This artery 
consistently contributes deep subcutaneous branches to the 
NAC [12] and has been cited as contributing 30% of the blood 
flow to the breast [17]. The branches of the lateral mammary 
artery travel diagonally in a medial direction until fading 
beyond the lateral aspect of the inframammary line (Fig. 2.5). 
The lateral mammary artery connects with the medial artery 

Fig. 2.4 MRI reconstruction of the vascular supply of the breast. 
Notice the two main branches of the lateral mammary originating from 
the axillary artery and the internal mammary artery, originating medi-
ally through the chest wall. The internal mammary has anterior and 
posterior branches as seen here. The posterior or deep branches of the 
internal mammary artery travel under the pectoralis major and perforate 
through the muscle into the breast, as seen in the center of the breast 
(Courtesy of Dr. Jennifer Kaplan, Memorial Sloan Kettering Cancer 
Center, New York, NY)

M. El-Tamer et al.
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around the NAC either through the superficial or posterior 
branches (Fig. 2.4). The lateral mammary artery is pivotal for 
the survival of the laterally based breast reduction. This artery 
may frequently be ligated during an axillary node dissection. 
When planning an oncoplastic procedure in a patient who is 
undergoing an axillary node dissection, one has to avoid 
mammaplasties that are laterally based. Occasionally, the lat-
eral thoracic artery may be used for breast reconstruction pro-
cedures that demand microsurgical anastomoses. The lateral 
thoracic artery sends a dermal branch to the  lateral skin of the 
breast; one has to attempt to preserve it when feasible, par-
ticularly in nipple- and skin-sparing mastectomies (Fig. 2.6).

2.3.6  Internal Mammary Artery

The internal mammary artery (internal thoracic artery) origi-
nates from the subclavian artery, traveling parallel and poste-
rior to the lateral border of the sternum. This artery provides 
up to 60% of the blood supply to the breast, mostly the 
medial portion. It sends anterior and posterior perforating 
branches through the parasternal and intercostal spaces. The 
largest branches perforate through one of the first few inter-
costal spaces. The anterior perforators arise from the first 
four intercostal spaces, just medial to the sternum. Perforators 
from the second and third intercostal spaces are the most 
consistent, while those from the first and fourth are not as 
common [18]. These anterior perforators split into cutaneous 

and breast branches (Fig. 2.4). Preserving the integrity of the 
cutaneous branches is crucial when performing a skin-spar-
ing or nipple-areola-sparing mastectomy (Fig. 2.7).

The posterior medial perforators of the internal thoracic 
artery (only described by Salmon) arise more laterally from 
the intercostal spaces through the pectoralis fascia into the 
breast and supply the deep portion of the breast tissue. These 
vessels appear to be branches of the internal thoracic artery, 
emerging from the fourth and fifth intercostal spaces. These 
vessels may have been reported by others and referred to as 
branches of the intercostals. Figure 2.4 is an MRI reconstitu-
tion of the branches of the internal mammary, showing the 
anterior and the posterior branches.

This blood supply supports a significant portion of the 
medial aspect of the breast as well as the NAC. This is the 
main blood supply for medially based breast reduction. The 
posterior medial mammary arteries are important contribu-
tors to the arterial blood supply of the inferiorly based breast 
reduction pedicle.

Van Deventer has recently dissected 27 breasts after intra- 
arterial latex injection [6]. He reported that the blood supply 
to the NAC originated from:

• The internal thoracic branches in 27/27
• The anterior intercostal in 20/27
• The lateral thoracic in 19/27
• A direct branch from the axillary artery in 2/27
• The posterior intercostal in 1/27

Cutaneous branch of
Lat. thoracic artery

Lateral
thoracic
artery

Fig. 2.5 Lateral mammary artery, traveling through the breast 
(Courtesy of Dr. Mahmoud El-Tamer, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA)

Fig. 2.6 The lateral mammary artery seen after completion of a mas-
tectomy and a sentinel node dissection; notice its cutaneous branch that 
has been preserved (Courtesy of Dr. Mahmoud El-Tamer, Memorial 
Sloan Kettering Cancer Center, New York, NY, USA)

2 Oncoplastic and Reconstructive Anatomy of the Breast
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2.3.7  The Venous Drainage

It is formed by a deep system and a superficial system. Low- 
caliber vessels that drain just below the superficial fascia 
form an interconnected traversal longitudinal network, like a 
knit cloth, which drains to the internal mammary vein, and 
the anterior superficial jugular vein forms the superficial sys-
tem. In the deep system, the afferent branches discharge into 
three main pathways: tributaries of the internal mammary 
vein, tributaries of the intercostal veins, and the vertebral 
system. There is special interest in the mammary venous 
drainage due to the potential use of certain branches in breast 
reconstructive surgeries. The drainage follows the course of 
the arteries, with a large number of anastomoses between the 
superficial and the deep system, and has the axillary vein as 
its main system. Around the areola, the veins form a venous 
circle which, together with the drainage of the mammary tis-
sue, follows a peripheral course up to the internal thoracic, 
axillary, and intercostal veins [2, 5]. Metastases can pass 
through any of these routes, following their way to the heart 
and then to the lung capillaries. Due to a system of avalvular 
venous drainage that connects Batson’s venous vertebral 
plexus to thoracic, abdominal, and pelvic organs, one can 
explain the route of metastases to the vertebra, ribs, and cen-
tral nervous system from the breast, mainly through intercos-
tal posterior veins.

The interest for studying lymphatic drainage has increased 
due to sentinel node (SN) studies. In most cases, the SN posi-
tion is at level I. The breast lymph vessels have their drainage 
established by two plexuses: superficial or Sappey’s subareo-
lar, and deep or aponeurotic. The former is made up by col-
lecting trunks, which gather skin drainage, superficial breast 
planes, nipple and areola, as well as the upper limb, supra-
umbilical region, and dorsum. The latter follows through the 

pectoral muscles up to Rotter’s lymph nodes (situated 
between the pectoralis major and the pectoralis minor mus-
cles) and then toward the subclavian lymph nodes. It is rele-
vant to mention that though the lymphatic flow is 
unidirectional, there is a great interrelation between the 
superficial system and the deep as to breast drainage, which 
explains the broad variation of lymph drainage found in 
breast cancer [19]. Approximately 3% of the breast lymph 
flows to the lymph nodes in the internal mammary chain and 
97% to the axillary lymph nodes. Any quadrant of the breast 
is able to drain to the internal mammary chain. Axillary 
nodes vary in number from 20 to 60. Lymph node groups of 
axillary drainage can be divided into [1]:

• An axillary vein group or lateral group, consisting of four 
to six lymph nodes located medial or posterior to the axil-
lary vein, holding most of the drainage from the superior 
portion of the breast.

• An external mammary group, also called pectoral group, 
situated at the inferior border of the pectoralis minor mus-
cle in association with the lateral thoracic vessels. It con-
sists of four or five lymph nodes and holds most of the 
lymphatic drainage from the breast.

• The subscapular lymph node group or posterior lymph 
node group, which consists of six or seven lymph nodes 
situated along the posterior wall of the axilla up to the 
lateral border of the scapula and which is associated to 
subscapular vessels. They also contain drainage from the 
cervical posterior region and the shoulder.

• The central group, which consists of three or four lymph 
nodes situated posterior to the pectoralis minor muscle, 
interwoven with the adipose tissue of the axilla. They 
hold drainage from the three groups mentioned above, 
and they can also contain drainage directly from the 
breast. A sequence of this drainage moves on to the sub-
clavicular lymph nodes or to apical lymph nodes. 
Clinically, this is the most palpable group, which is some-
thing of extreme relevance to the clinical evaluation of 
axillary metastases.

• The subclavicular or apical group, consisting of 6–12 
lymph nodes, which is situated posterior and superior to 
the border of the pectoralis minor muscle. It gets drainage 
directly or indirectly from all of the other groups. The 
lymphatic efferents of these ducts form the subclavian 
trunk, which pours into the right lymphatic duct and to the 
left side to the thoracic duct. Through this route, there is 
also the possibility of drainage for lymph nodes from the 
deep cervical area.

• The Rotter’s group or interpectoral group, which consists 
of one to four small lymph nodes situated between the 
pectoralis major and the pectoralis minor muscles associ-
ated with branches of thoracoacromial vessels.

Fig. 2.7 Preservation of the integrity of the cutaneous branches is cru-
cial when performing a skin-sparing or nipple-areola-sparing mastec-
tomy (Courtesy of Dr. Mahmoud El-Tamer, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA)

M. El-Tamer et al.
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It is relevant to mention that there is another division of 
axillary lymph nodes that is routinely used by surgeons, tak-
ing into account the relation between the axilla and pectora-
lis minor muscle. The lymph nodes that are situated lateral 
and below the pectoralis minor muscle are referred to as 
Berg’s level I and encompass the external mammary group, 
axillary vein, and subscapular vein. Those situated behind 
this muscle are referred to as level II and correspond to the 
central group and part of the subclavicular group. The lymph 
nodes situated above the superior border of the pectoralis 
minor muscle are referred to as level III and include the sub-
clavicular group [13].

The lymph nodes of the internal mammary chain are 
situated in the intercostal spaces of the parasternal area. 
They are close to the internal mammary vessels, in the adi-
pose extrapleural tissue. They are found medial to the 
mammary vessels in the first and second intercostal spaces 
and lateral in the third space [13]. There are also other 
accessory networks such as the one that connects the two 
breasts, called trans- mammary and paramammary, which is 
related to the hepatic lymph nodes and subdiaphragmatic 
nodes (Fig. 2.8).

2.3.8  Breast Innervation

Initially described in detail by Sir Astley Cooper in 1840, the 
breast has since been consistently found to be innervated 
from the lateral and anterior cutaneous branches of the sec-
ond to sixth intercostal nerves [20, 21]. The lateral branches 
pierce the chest wall musculature at the midaxillary line and 
travel medially. These nerves divide into a superficial branch 
and a deep branch at the edge of the pectoral muscle 
(Fig. 2.9).

The superficial branch travels subcutaneously, whereas 
the deep branches travel along the pectoralis fascia for a few 
centimeters and then merge through the breast tissue to the 
surface at the midclavicular line. The superior area of the 
breast also gets innervation from the cervical plexus by the 
supraclavicular nerve.

The anterior cutaneous branches merge through the chest 
wall at the edge of the sternum and travel superficially toward 
the nipple, thereby innervating the medial aspect of the 
breast.

The NAC innervation is not consistent, hence the contro-
versy. It is agreed upon, however, that the innervation of the 
NAC is from the anterior and lateral branches of the third to 
fifth intercostal nerves. The fourth lateral cutaneous nerve is 
the most frequent source of sensation to the NAC, mostly via 
its deep branches.

Hamdi and colleagues have reported that in 93% of breasts, 
the deep branch of the lateral cutaneous nerve  innervates the 

nipple. As previously described, the deep branch runs within 
the pectoralis fascia, curves straight up through the glandular 
tissue at the level of the midclavicular line, and sends its ter-
minal branches straight to the nipple [22].

The third, fourth, and fifth anterior branches innervate the 
medial aspect of the NAC. The nerves enter the NAC super-
ficially at its medial edge, mostly between 8:00 o’clock and 
11:00 o’clock for the left breast and 1:00 o’clock to 4:00 
o’clock for the right breast. When planning a terminal duct 
excision or removing a centrally located tumor, we strongly 
recommend avoiding a medial periareolar incision because it 
will interrupt the anterior cutaneous branches that may be the 
only innervation to the NAC. Understanding the innervation 
of the NAC is important in planning incisions and access for 
resection of a tumor. Historical papers on breast innervation 
are included [23, 24].
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Fig. 2.8 Lymphatic drainage of the breast nodes
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Fig. 2.9 Nerve supply to the breast. The lateral cutaneous nerve 
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2.3.9  Chest Wall Muscles

The most important muscles related to breast are as follows:

• The pectoralis major muscle is in a close relation with 
most of the breast surface. It is a flat muscle, and it is 
divided in two portions: clavicular and costosternal. The 
latter originates from the sternum and from the costal car-
tilages of the second and sixth ribs. It inserts in the major 
tubercular groove of the humerus and in the bicipital 
groove. The cephalic vein, which many times is used for 
long-term catheters in chemotherapy, is the separation 
point between this muscle and the deltoid muscle, at the 
deltopectoral groove. Its function is flexion, adduction, 
and medial rotation of the arm. The medial and lateral 
portions of the pectoral nerves innervate it. These nerves, 
if sacrificed in axillary surgery, may cause retraction, 
local fibrosis, and loss of function [25]. The pectoralis 
major muscle is used for the protection of implants during 
mammary reconstructive procedures and also in aesthetic 
surgeries. Sometimes the implant coverture is compro-
mised when there is an anatomical variation, as it occurs 
when the inferior insertion of the muscle is in an upper 
part of the thoracic wall.

• The pectoralis minor muscle appears on the sternal fascia 
of the third, fourth, and fifth ribs and inserts in the cora-
coid process of the scapula. It is innervated by the medial 
pectoral nerve, which is a branch from the brachial plexus 
(C8-T1) [25]. It travels posteriorly to the axillary muscle 
and anteriorly to the axillary vein.

• The serratus anterior muscle originates on the surface of 
the upper eight ribs and inserts along the vertebral border 
of the scapula. The function of this muscle is to keep the 
scapula pressed against the thorax wall, and it is  innervated 
by the long thoracic nerve (Bell’s nerve), originating from 
posterior branches of C5, C6, and C7 of the brachial 
plexus. The path of this nerve is posterior to the axillary 
vein and then emerges in the medial level of the subscapu-
lar fossa. It is important that this nerve be preserved dur-
ing axillary dissection to avoid instability of the scapula, 
therefore reducing the strength of the shoulder, a condi-
tion known as winged scapula.

• The latissimus dorsi muscle originates on the spinous 
process and supraspinous ligaments of the seventh tho-
racic vertebra and on all sacral and lumbar vertebrae. It 
inserts the bicipital sulcus of the humerus. The thora-
codorsal nerve originating from the brachial plexus rooted 
in C6, C7, and C8 innervates it. The nerve passes by the 
axilla and is contained in the axillary lymph nodes of the 
subscapular group. In the case of an injury to this nerve, 
there is no motor disability; however, it is not possible to 
use this muscle for breast reconstructions. Their arterial 
supply is shown in Fig. 2.10.

• Rectus abdominis muscle: this is the muscle that recov-
ers the anterior wall of the abdomen. Its insertion is the 
inferior margin of the fifth, sixth, and seventh costal 
cartilage. As it goes down to the pubis, this muscle 
becomes narrower and is inserted into the body of the 
pubis inferiorly. It also has the so-called tendineae 
(areas of  interruption of the muscle), which usually are 
four in number. One is positioned at the navel level, two 
are above it, and one is below it. The muscle is envel-
oped by a fibrous fold that originates in the aponeurosis 
of the internal oblique muscle, external oblique muscle, 
and transverse abdominis muscle, which joins along 
with the medial line forming the linea alba. This is the 
inferior limit for the muscle dissection in TRAM flaps. 
The posterior face of this muscle lies on the subpectoral 
tissue. Concerning its blood supply, from bottom to top 
goes the inferior epigastric artery, which is a branch of 
the external iliac artery. From the superomedial portion 
comes the supply of the superior epigastric artery, 
which is a branch of the internal thoracic artery, origi-
nating at the subclavian artery. These two arteries pro-
duce a rich network of anastomoses among them (the 
choke system), therefore establishing communication 
between the subclavian artery and the external iliac 

1 subscapular artery
2 circumflex scapular artery
3 thoracodorsal srtery
4 vascular bundles from
   the intercostal arteries
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Fig. 2.10 Arterial supply of the latissimus dorsi
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artery. This anatomy is very important for breast recon-
struction. This type of surgery can be performed by 
using the rectus abdominis muscle either unilaterally or 
bilaterally together with the subcutaneous tissue and 
skin, tying off the inferior epigastric artery and rotating 
the flap through a tunnel previously prepared toward the 
mammary site, or simply by using subcutaneous tissue 
and abdominal skin and performing microanastomo-
ses  between perforating vessels and either internal 
mammary vessels or lateral thoracic vessels (Figs. 2.11 
and 2.12).

2.3.10  The Inframammary Fold

The IMF has been subject of special attention lately because 
of its importance to immediate reconstruction in skin-spar-
ing mastectomy (SSM) and nipple-sparing mastectomy 
(NSM). It is situated at the fifth rib level in a medial posi-
tion, and in its lateral portion, it overlies the sixth intercos-
tal space. It is an important anatomic landmark in breast 
surgery, because it defines the shape and structure of the 
breast, and a boundary for reconstructive and aesthetic sur-
geries. From the onset of breast development, it anchors the 

inferior pole of the breast to the chest wall, and with age, 
the breast begins to sag or become ptotic relative to this 
point [26, 27]. The relationship between it and the pectora-
lis major muscle is also important with respect to breast 
implant support. It is located inferior to the inferior origin 
of the pectoralis major muscle [28]. Considerable attention 
should be paid to its role in creating a natural-appearing 
breast in different techniques. In augmentation mammo-
plasty, the IMF provides a  relatively well-hidden site for an 
incision to place a mammary implant and provides inferior 
support for subpectoral implants that is essential to prevent 
migration [29]. Its distance from the areola and its bilateral 
symmetry preservation are some points that must be 
observed for a satisfactory aesthetic- functional result. It 
represents a zone of adherence of the superficial fascial 
system as well as an increase in dermal collagen [26, 27, 
30]. It has a ligament that originates at the periosteum of 
the fifth rib medially and the fascia between the fifth and 
the sixth rib laterally, inserting into the deep dermis [29]. 
However, the existence and origin of this ligament are not 
universally agreed upon among anatomists. Preserving it in 
mastectomies is still object of debate due to the possibility 
of remaining mammary tissue at the site. Gui et  al. [31] 
found that 28% of their IMF specimens contained breast 
tissue and lymph nodes. However, aiming to explain this, 
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Carlson et al. [32] showed that preserving it keeps less than 
0.02% of the total mammary tissue. If the IMF is breached, 
it must be repaired to reconstitute the natural breast crease 
at the time of breast reconstruction to maintain the correct 
breast implant position and achieve an optimal final aes-
thetic outcome [30, 31]. There is a specific chapter about 
IMF reconstruction in this book.

2.4  Conclusions

Aesthetic-functional breast anatomy is essential to reconstruc-
tive breast cancer surgery. The spatial organization of the 
mammary ducts, the vascularization, and the innervation 
involve relevant therapeutic implications in the era of SN and 
oncoplastic surgery, so the reconstructive breast surgeon must 
be aware of all of these important anatomic relationships.
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Breast Cancer Reconstruction 
Epidemiology

Joanna C. Mennie, Jennifer Rusby, David A. Cromwell, 
and Richard Rainsbury

3.1  Background

The psychosocial impact on women with breast cancer who 
undergo mastectomy has been well documented. In 2013, 
approximately 12,500 mastectomy procedures were per-
formed for breast cancer in England alone, representing 34% 
of all index breast cancer procedures [1]. With the improve-
ments in screening and adjuvant therapies prolonging breast 
cancer survival, women are living with the psychosocial 
morbidity associated with mastectomy for longer. Breast 
reconstruction, however, has been shown to improve wom-
en’s emotional well-being and confidence and is now 
regarded as an integral part of breast cancer services world-
wide [2–4]. Among women with breast cancer, studies have 
shown women’s desire for reconstruction to range from 28 to 
50% across Europe [5–7]. This chapter explores the longitu-
dinal trends of post-mastectomy breast reconstruction uptake 
and procedure type. Reconstruction trends and techniques 
following partial mastectomy procedures are discussed in 
Sect. 3.3.

3.2  Breast Cancer Reconstruction Service 
Development

In 1885, the first post-mastectomy breast reconstruction pro-
cedure was attempted when Heidelberg transplanted a 
lipoma from the flank [8]. Eleven years later Tanzini was the 

first to describe the use of latissimus dorsi to reconstruct the 
large soft tissue defects resulting from Halsted’s radical mas-
tectomy as an alternative to skin grafting [9]. In the early 
1900s, surgeons developed further autologous techniques in 
breast reconstruction including the rediscovery of the latis-
simus dorsi flap [10]. The 1960s marked the advent of sili-
cone breast implants, and during the 1980s, further innovation 
occurred with the invention of expanders [11] and develop-
ment of free flaps for use in breast reconstruction [12]. 
Access to breast reconstruction, however, remained limited.

As breast cancer treatments have evolved, care pathways 
and services have been subjected to several reorganisations. 
In the last decade, improvements have included the develop-
ment of referral pathways, integration of regional services, 
the adoption of a multidisciplinary approach to care, and 
national guidelines [13, 14]. In the USA, a significant reform 
was the Women’s Health and Cancer Rights Act, which came 
into effect in 1999 and mandated that health insurance pro-
viders cover costs for reconstruction after mastectomy. 
Subsequently, reconstruction techniques have been further 
refined with an emphasis on reducing donor site morbidity. 
Evolving mastectomy approaches have also influenced 
reconstruction practice as studies have shown no difference 
in survival between conventional and skin- sparing tech-
niques [15].

3.3  Current Practice

Currently women have several breast reconstruction options 
available to them either at the time of mastectomy or at a 
later date. These include implants, autologous pedicled flaps 
with or without implants, and autologous free flap recon-
struction [16]. In recent years, there has been the develop-
ment of materials that facilitate direct to implant 
reconstruction (such as acellular dermal matrices (ADM) 
and titanium mesh), with reports of improved aesthetic out-
comes, and a reduction in capsular contracture rates [17, 18]. 
Evidence of long-term benefit is lacking, however [19].
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Post-mastectomy reconstruction can be classified as 
either immediate or delayed. The main advantages of 
immediate breast reconstruction are that the skin envelope 
is retained and the patient undergoes fewer operations 
[20]. Whilst in delayed reconstruction, reported complica-
tion rates are lower [21]. Whether a women’s specific 
treatment pathway results in immediate or delayed recon-
struction is dependent upon several factors including dis-
ease stage, comorbidities, the availability of appropriate 
skills, and patient choice. Service quality and service 
availability are key issues [22, 23]. Selective offering of 
reconstruction to women has been reported by Alderman 
et  al., who found breast reconstruction was discussed in 
only 33% of patients [24]. Finally adjuvant therapy, in par-
ticular radiotherapy, may also influence practice. Some 
surgeons argue that reconstruction should be delayed if 
radiotherapy is anticipated [25]. Whilst this is acknowl-
edged in terms of implant reconstruction [16], other 
authors have shown the sequence of autologous recon-
struction to hold no difference in subjective aesthetic out-
comes or complication rates in women receiving adjuvant 
radiotherapy [26]. What is clear is that current evidence is 
limited and surgeon opinion divided [27].

3.4  Post–mastectomy Reconstruction 
Uptake

In recent years, numerous studies have provided encourag-
ing evidence indicating a rise in reconstruction rates (see 
Table 3.1). In the English National Health Service, immedi-
ate reconstruction has risen annually from 10% of all unilat-
eral index mastectomies for breast cancer in 2000 to 23% in 
2013. The uptake of delayed reconstruction has also 
increased in the last decade; however, rates in England pla-
teaued at around 350 procedures per quarter from 2007 
onwards [1].

In Catalonia, Spain, rates of immediate post-mastec-
tomy reconstruction have similarly increased [28]. 
However the sample size in this regional study was limited 
to around 900 women per year. In France, a national data-
base review reported a smaller increase in immediate 
reconstruction [29]. Further national European studies 
evaluating trends in reconstruction are limited. This may 
be due to a lack of reliable national registries, or investiga-
tion of the data within.

Trends in post-mastectomy reconstruction also remain 
underreported in Asian countries. A single-centre study from 
China evaluated 17,040 women undergoing mastectomy 
between 1999 and 2014 and reported a stable reconstruction 
rate of 3.5% [30]. It should be noted however that significant 
differences between China and Europe exist in breast con-
serving and mastectomy practice; in China 81.2% of breast 

cancer is resected by mastectomy. As such, a direct compari-
son of reconstruction practice is difficult. In Korea, Kim 
et  al. have reported an increase in national reconstruction 
rates, alongside a proportional increase in BCS [31].

In the USA, rates of immediate reconstruction have been 
higher than in Europe and Asia [32–35]. In one nationwide 
study of 178,603 women, immediate post-mastectomy 
reconstruction rose from 21% in 1998 to 38% in 2008 [36]. 
However, the authors reported on both unilateral and bilat-
eral mastectomy cases together. Furthermore prophylactic 
procedures were included. Considering contralateral prophy-
lactic mastectomy rates are significantly higher in the USA 
(49%) compared with Europe (<10%) and that reconstruc-
tion is more likely after bilateral mastectomy, this may 
explain some of the differences in reported practice between 
countries [37, 38]. Lang et al. reported only on those women 
undergoing index mastectomy for stage I–III breast cancer in 
the USA and found a similar increase in immediate recon-
struction rates to Europe [23].

Outside the UK, trends in delayed reconstruction have 
been less well reported. This is possibly related to the dif-
ficulty in tracking patients over time. Studies have typi-
cally been limited by short follow-up periods or have 
combined immediate and delayed reconstruction rates [28, 
39]. A Danish registry study of 13,379 women found an 
overall rate of 13% for delayed reconstruction from 1999 
to 2006 [40].

3.5  Factors Influencing Reconstructive 
Uptake

3.5.1  Patient Factors

Advancing patient age has been reported to influence 
immediate post-mastectomy reconstruction uptake [41, 
42]. A national study from English NHS hospitals reported 
that 31% of women aged 40–49 underwent reconstruction, 
compared with 2.1% in women aged 70–79 years [22]. A 
number of factors may reduce uptake in the elderly. 
Increasing comorbidity heightens the risk of more major 
surgery, and the more advanced tumours presenting in this 
age group may require post-mastectomy radiotherapy. As 
such, a lower percentage of these women are likely to be 
suitable for immediate reconstruction. Eaker et al. adjusted 
for disease stage and comorbidities across age groups and 
still found an association with age [43]. They also found 
substantial differences in disease management with less 
diagnostic activity and less aggressive treatment in women 
aged 70–84 years.

Increasing deprivation, lower income, and education have 
also been associated with lower immediate reconstruction 
rates [22, 35]. A review of cancer screening pathways has 
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found that those women from deprived areas and low-income 
households are less likely to attend for screening [44]. 
Current differences in the presentation route among these 
women may therefore impact on a woman’s suitability for 
reconstruction, and these could be amenable to targeted 
improvement initiatives.

The relationship between ethnicity and immediate recon-
struction varies across countries, which is likely to be repre-
sentative of cultural differences. In the USA, authors 
consistently report greater post-mastectomy reconstruction 
in women of white ethnicity [34, 35, 41], whilst in the UK, 
women of black ethnicity are more likely to undergo recon-
struction than women of white ethnicity [22].

3.5.2  Disease Factors

Disease factors have had a substantial influence on the inte-
gration of immediate reconstruction. In those women with in 
situ disease, reconstruction is more likely than in women 
with invasive disease [22, 35, 45]. Lang et al. performed a 
multivariate national analysis of 112,348 women in the USA 
undergoing mastectomy and found immediate reconstruction 
to be less likely with increasing stage, larger tumour size, 
negative oestrogen receptor status, and more than four posi-
tive lymph nodes [23]. Anticipated adjuvant therapy also 
reduces the likelihood of women being offered reconstruc-
tion. Those women that do not receive radiotherapy or che-
motherapy are more likely to have immediate reconstruction 
[23, 33, 39].

3.5.3  Structure of Health-Care Systems

The structure of women’s breast cancer care within countries 
is also a factor in reconstruction uptake. For example, in 
Australia and the USA, those women with private insurance 
are more likely to receive immediate post-mastectomy 
reconstruction [35, 46]. Further, care that is delivered in a 
teaching hospital increases likelihood, as well as a greater 
plastic surgeon density and urban location of treatment [34, 
39, 41]. In France, mastectomies performed in 1 of the 20 
dedicated cancer centres were most likely to receive immedi-
ate reconstruction compared with other public hospitals or 
private hospitals [29].

3.5.4  Region of Treatment

Another common feature of patterns of surgery has been 
regional variation. In 1988–1995, during the development of 
breast cancer services, variation of 3.3–16% was reported by 
Polednak across regions in the USA [47]. However in recent 
years, despite established breast cancer care pathways, 
national studies have found this variation still exists despite 
adjustment for disease and patient factors Table 3.2.

The variation reported across studies suggests there is 
potential to increase the proportion of women receiving post- 
mastectomy reconstruction. Further, it suggests that the 
structure and process by which care is delivered play an 
important role in determining the specific pathway women 
access and follow.

Table 3.1 National or regional studies reporting the proportion of women undergoing immediate reconstruction across time following 
mastectomy

Author Study year Country Data source Population
Mastectomy 
total (n)

Immediate 
reconstruction (%)

Morrow [32] 1985–1990
1994–1995

USA Retrospective national cancer 
database

All women with breast cancer 155,463
68,348

1985–1990, 3.4%
1994–1995, 8.3%a

Agarwal [33] 1998–2002 USA Retrospective SEER database All women with breast cancer 52,249 1998,15.3%
2002, 15.9%

Reuben [34] 1999–2003 USA Retrospective nationwide 
inpatient sample database

Women with breast cancer, an 
increased risk, or benign disease

469,832 1999, 22.9%
2003, 25.3%

Merchant 
[35]

2005–2009 California Retrospective health-care cost 
and utilisation project database

Women with in situ or invasive 
breast cancer

48,414 2005, 21%
2009, 33.6%

Albornoz 
[36]

1998–2008 USA Retrospective nationwide 
inpatient sample database

Women with breast cancer or an 
increased risk

178,603 1998, 20.8%
2008, 37.8%

Lang [23] 1998–2008 USA Retrospective SEER database Women with index stage I–III 
breast cancer

112,348 1998, 11.7%b

2008, 21.7%b

Escriba [28] 2005
2011

Spain Retrospective discharge database Women with invasive index 
breast cancer

953
867

2005, 13%
2011, 22.8%

Rococo [29] 2005
2012

France Retrospective hospital episode 
statistics database

Women with in situ or invasive 
breast cancer

18,314
19,574

2005, 11.4%
2012, 13.4%

Kim [31] 2002–2012 Korea Retrospective Korean breast 
cancer society registry

Women with index in situ or 
invasive breast cancer

2002, 4628
2012, 5746

2002, 8.2%
2012, 15.8%

aImmediate reconstruction defined as reconstruction within 3 months of mastectomy
bImmediate reconstruction defined as reconstruction within 4 months of mastectomy
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3.5.5  Education and Training

The provision of breast surgical services varies enormously 
around the world. Traditionally, general surgeons have been 
trained in the surgical management of breast cancer in many 
countries, including most of Europe, North America, the 
Middle and Far East, and Australasia. Gynaecologists under-
take this work in Austria, Germany, Switzerland, Luxembourg 
and the Czech Republic, and in parts of South America. Wide 
differences in availability and provision of breast reconstruc-
tion services have emerged over the last decade, both between 
and within countries. In 2005, fewer than 25% of women in 
the USA were referred for a reconstruction opinion, as most 
general surgeons felt this was an unimportant aspect of treat-
ment [48].

Access to reconstruction is influenced by the way in 
which the service is delivered—either by breast and plastic 
surgeons working either independently or together or by an 
oncoplastic team with cross-specialty skills. Growth and 
development of the ‘oncoplastic’ model of service delivery 
and greater cross-specialty collaboration have taken place in 
recent years. This has underpinned the increasing availability 
of reconstruction reported above, particularly in the UK and 
some other parts of Europe.

In 2000, a position paper was published by the European 
Society of Breast Cancer Specialists (EUSOMA) which 
described the key requirements for multidisciplinary special-
ist breast units [49]. The principles of this landmark docu-
ment were adopted by the European Parliament in its 2003 
and 2006 Resolutions on Breast Cancer, recommending that 
breast disease should be diagnosed and treated in dedicated 
breast centres, backed up by a robust framework of quality 
assurance and accreditation [50, 51]. These documents trig-
gered off a range of interrelated developments which have 
had a direct impact on the availability and quality of breast 
reconstruction.

In 2007, revised EUSOMA guidelines set down new stan-
dards for the training of breast surgeons [52]. These recom-
mended the introduction of an explicit curriculum, which 
required surgeons (general, gynaecological, and plastic) to 
develop the knowledge, expertise, and skills in oncological 
and reconstructive surgery to enable them to practice inde-
pendently within a multidisciplinary team. A more recent 
EUSOMA publication has gone further and has established 
the requirements of a specialist breast centre [53]. These 
requirements include the availability of surgeons who are 

able to undertake basic reconstruction and oncoplastic pro-
cedures, as well as nominated reconstructive surgeons with a 
special interest and expertise in reconstruction and reshaping 
techniques.

The last decade has seen an increased demand for training 
in breast reconstruction in response to public, patient, and 
provider expectations. Many European breast surgeons 
remain concerned about the lack of opportunities to develop 
these skills, coupled with poor patient information and 
access. Most support the implementation of specialty curri-
cula, specialty-specific examinations, and the development 
of a new specialty in breast surgery [54]. Efforts have been 
made to address their concerns, with the introduction of a 
breast specialty examination by the European Union of 
Medical Specialists (UEMS) [55].

Training in reconstruction has also been supported by a 
range of developments in the UK. Firstly, the implementa-
tion of a nationally appointed centrally funded Oncoplastic 
Fellowship Programme in 2002 [56]. More than 100 sur-
geons from a background of general and plastic surgery have 
completed these fellowships in large regional oncoplastic 
centres. The programme has generated a new cohort of con-
sultant oncoplastic surgeons with sufficient experience to 
support a modern reconstructive service and to train the next 
generation. Secondly, the UK General Medical Council has 
recently approved new curricula in general and plastic sur-
gery, supporting the acquisition of reciprocal cross- specialty 
skills in oncological and reconstructive breast surgery. 
Lastly, oncoplastic training is supplemented by postgraduate 
courses, including an online interactive Oncoplastic Masters 
Programme [57]. Meeting the future demand for breast 
reconstruction will require much more structured, explicit 
training opportunities, coupled with closer cross-specialty 
collaboration, both at national and international levels.

3.6  Trends in Type of Procedure

3.6.1  Immediate Reconstruction

Studies from the early 2000s revealed a preponderance of 
autologous reconstruction over implant-based procedures 
with a ratio of 2:1 [47, 58]. However, practice in both Europe 
and the USA has changed considerably in recent years. Early 
results evaluating 21,862 women undergoing unilateral index 
mastectomy with immediate reconstruction in England 

Table 3.2 National studies reporting on regional variation of immediate post-mastectomy reconstruction

Author Study year Country Region definition Number of regions Immediate reconstruction variation (%) Adjusted for confounders
Jagsi [39] 1998–2007 USA State 50 19–76 Yes
Jeevan [22] 2006–2009 UK Cancer networks 28 8–29 Yes
Mennie [1] 2009–2014 UK Cancer networks 28 13–37 Yes

J. C. Mennie et al.
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revealed a strong trend toward implant-based reconstruc-
tions, rising from 30% in 2007 to 54% in 2013 [1]. Free flap 
reconstructions increased marginally from 17 to 21%, whilst 
the proportion of pedicled autologous procedures, with or 
without implant, decreased (see Fig. 3.1).

In the USA, this trend toward implant-based procedures is 
even more pronounced. Cemal et  al. reported national 
implant procedures to rise from 39% of all unilateral imme-
diate reconstructions in 1998 to 63% in 2008 [59]. For those 
women undergoing bilateral reconstruction as a result of 
contralateral prophylactic mastectomy, implant-based tech-
niques also rose from 54 to 73%, but unilateral and bilateral 
autologous immediate reconstruction decreased from 59% in 
1998 to 32% in 2008 [36]. This significant increase in imme-
diate reconstruction with implants is likely to be attributable 
to the advent of ADMs facilitating a direct to implant 
reconstruction.

3.6.2  Delayed Reconstruction

Compared to immediate reconstruction, procedural trends 
reported in the delayed setting differ substantially (Fig. 3.1). 
In the UK, free flap reconstructions were seen to dominate, 

rising from 25% of all delayed cases in 2007 to 42% in 2013. 
Pedicled procedures decreased, whilst implant-based proce-
dures remained relatively stable around 25% [1]. These dif-
ferences are likely to be influenced by the more complex 
reconstruction needs in the delayed setting, such as the 
requirement for the skin, alongside the possibility of an irra-
diated field. We are not aware of trends in delayed recon-
struction being reported at a national level outside the UK.

3.6.3  Interpretation

The recent national trends toward increasing rates of imme-
diate implant reconstruction are surprising when considering 
the results from several outcome studies. Authors have not 
only found autologous reconstruction to be more stable with 
greater longevity of aesthetic results than implant- based pro-
cedures, but Patient-Reported Outcome Measures (PROM) 
results following free flap reconstruction are significantly 
higher [60, 61]. The structure and process of breast cancer 
services may offer an explanation. For example, autologous 
reconstruction takes considerably longer than an implant 
procedure and as such may exceed the operating room capac-
ity and threaten cancer waiting targets [62]. Integrated 
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 workforce training and availability has a major influence on 
practice. It is known that the distribution of microsurgical 
breast surgeons varies across the country in the USA and 
Europe. Moreover, recent studies have revealed significant 
regional variation in the type of reconstruction procedure 
offered to women [36, 39]. In the UK, the proportion of 
immediate reconstruction using free flaps ranged from 9 to 
63% across microsurgical regions during 2010 and 2014 [1]. 
These inequalities can be only addressed by the implementa-
tion of national guidelines defining best reconstructive prac-
tice, backed up by innovative approaches to the acquisition 
of reconstructive skill.

A study from the USA has also speculated that cost may 
also be a factor. Surgeons’ hourly rate for an implant recon-
struction in the USA is $587 whilst for an autologous proce-
dure is $322 [59]. Given the procedural reimbursement 
policies in the USA, this may well explain the pronounced 
trend toward implant-based reconstructions [63]. Surgical 
factors and patient choice also need to be considered. In 
recent years, experience with implants in the setting of radio-
therapy has increased, and studies have demonstrated accept-
able outcomes [64, 65]. Further, women with breast cancer 
have far greater access to information nowadays, and rates of 
prophylactic contralateral mastectomies are increasing [36]. 
In contralateral prophylactic cases, implant reconstruction is 
more likely, as patients favour a symmetrical result with 
quick recovery [37, 66]. Women’s cultural beliefs and choice 
also play a role. In China, traditions about cancer treatment, 
prosthesis, and body image may help to explain the low 
reconstruction uptake and the low proportion of implant 
reconstructions [30].

3.7  Future Considerations

The benefits of post-mastectomy reconstruction have been 
widely accepted, and the integration of reconstruction ser-
vices into breast cancer pathways has been a huge achieve-
ment in the last decade. The reported increase in uptake is 
encouraging and looks set to continue. However, the sig-
nificant geographical variation that exists between and 
within countries cannot be overlooked, both in terms of the 
uptake of reconstruction and procedures used. Further 
investigation is required to determine how much of this 
variation is related to training, service provision, or capac-
ity barriers. Countries should ensure appropriate mecha-
nisms are in place to monitor pathways and address any 
inequalities.

The scarcity of reports on national trends particularly in 
relation to delayed post-mastectomy reconstruction should 
be addressed. The collection of an agreed dataset would 
allow trends and patterns of breast reconstruction to be 
audited and compared both at national and international 

 levels. Dissemination of this type of information will be cru-
cial in guiding and shaping future practice.

Prospective data collection at a national level is par-
ticularly important when assessing the impact of new 
developments, such as the rising popularity of implant/
ADM reconstruction. The regulation of medical devices 
received significant attention following the PIP scandal 
[67], but long- term data on the use of ADMs is sparse. 
Whilst ADM/implant reconstruction appears cost-effec-
tive in the short term, it will be important to establish that 
this approach is not creating significant problems in the 
longer term.
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Hereditary Breast Cancer: Prophylactic 
Mastectomy, Breast Conservation, 
and Rates of Cancer

Siun M. Walsh, Mark E. Robson, and Virgilio S. Sacchini

Hereditary breast cancers represent 5–10% of all breast can-
cer diagnoses [1] and up to 40% of all breast cancer diag-
nosed in women 35 years of age or younger [2]. In 1886 the 
French physician Paul Broca first noticed and described a 
familial clustering of breast cancer [3]; in his wife’s family, 
10 out of 24 women, spread across four generations, 
reportedly died from breast cancer. In addition, several other 
family members died from other malignant diseases. Broca 
astutely concluded that this high incidence of cancer in a 
single family was too high to be attributed to chance. In 
1990, p53 mutations were identified in Li-Fraumeni 
syndrome, a disorder with a high predilection for breast 
cancer [4, 5]. Subsequently, in 1994, using positional cloning 
methods, a strong candidate for the 17-q-linked BRCA1 
gene was identified [6]. Probable predisposing mutations 
detected included an 11-base pair deletion, a 1-base pair 
insertion, a stop codon, a missense substitution, and an 
inferred regulatory mutation. The BRCA1 gene was found to 
be expressed in numerous tissues including the breast and 
ovary. In 1994 Wooster et  al. [7] performed a genomic 
linkage search with 15 high-risk breast cancer families that 
were unlinked to the BRCA1 locus on chromosome 17q21 
and were successful in  localizing a second breast cancer 
susceptibility locus, BRCA2, to chromosome 13q12–13. In 
1995, in a collaborative effort between the University of 
Utah and the Institute of Cancer Research in the United 
Kingdom, a set of families with a predisposition to breast 
and ovarian cancers were studied and reliably excluded from 
linkage to BRCA1, leading to the landmark discovery of the 
second breast cancer gene, BRCA2 [8].

Since these landmark discoveries, there has been exten-
sive research into the implications of these genetic mutations 
and their optimal management. Patients who are diagnosed 
with these mutations are faced with challenging decisions 
regarding surveillance and prophylactic surgery. The surgi-
cal management of breast cancer, and the choice and timing 
of prophylactic surgery are discussed in this chapter. Some 
of the principles discussed may be extended to include the 
management of patients with mutations in genes other than 
BRCA which also predispose to breast cancer, as well as 
patients who are estimated to be of high risk due to signifi-
cant family history without a defined genetic mutation.

4.1  Associated Risks

Since the discovery of BRCA1 and BRCA2, there have been 
many epidemiological studies attempting to define the risk of 
ovarian and breast cancer associated with these mutations. 
Much variation has been reported, possibly due to heteroge-
neity in study designs and the populations which were 
included.

Hartmann and Lindor [9] combined the data from 2785 
families, of which 537 carried BRCA1 or BRCA2 mutations, 
and estimated the cumulative risk to breast cancer by the age 
of 80  years to be 67% among BRCA1 carriers and 66% 
among BRCA2 carriers. The lifetime risk was found to be 
dependent on age; for example, a 60-year-old unaffected 
BRCA2 carrier has a lifetime risk of breast cancer of 48%, as 
compared to 66% for an unaffected 30 year old. The authors 
include tables stratifying risk by age, which may be useful 
for counseling patients regarding risk.

The cumulative lifetime risk of ovarian cancer by age 80 
years was estimated to be 45% for BRCA1 carriers and 12% 
for BRCA2 carriers. For men, the cumulative risk of breast 
cancer by age 70 years was estimated to be 1% for BRCA1 
carriers and 7% for BRCA2 carriers.

This study also replicated the previously seen difference 
in the subtype of breast cancer diagnosed in these groups. 
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In the cohort with BRCA1 mutations, more than 75% were 
estrogen receptor (ER) negative, and 69% were triple nega-
tive. In contrast, 77% of patients with BRCA2 mutations 
were diagnosed with ER positive tumors, and only 16% 
developed triple negative breast cancers. An earlier large 
analysis of 19,731 carriers of BRCA1 and BRCA2 mutations 
detailed the distribution of ER positive disease in BRCA2 
carriers and ER negative disease in BRCA1 carriers [10]. 
The CIMBA (Consortium of Investigators of Modifiers of 
BRCA 1/2) group collected pathological data from 4325 
BRCA1 and 2568 BRCA2 mutation carriers, and identified 
that the proportion of ER negative breast tumors decreased 
with age at diagnosis among BRCA1 carriers but increased 
with age at diagnosis among BRCA2 carriers. In contrast, 
the proportion of triple negative breast cancers decreased 
with age at diagnosis in BRCA1 carriers but increased with 
age at diagnosis of BRCA2 carriers [11].

Contrary to popular belief, carriers of BRCA 1/2 have not 
been shown to have worse survival than non-BRCA mutation 
carriers with breast cancer. A recent meta-analysis, which 
included 66 studies comparing breast cancer patients with 
and without BRCA mutations, only found sufficient evi-
dence for a 10% worse unadjusted recurrence-free survival 
for BRCA1 mutation carriers, but the evidence for differ-
ences in other outcomes in BRCA 1/2 carriers was judged to 
be indecisive [12]. In contrast, a population-based cohort 
study of 3220 women with breast cancer found that BRCA2 
carriers had worse outcomes but that BRCA1 carriers did 
not, when compared with patients with sporadic breast can-
cer [13]. However, after adjustment for age, tumor stage and 
grade, nodal status, and hormone receptors, BRCA status 
was no longer a risk factor for death or distant recurrence. 
Only two studies reported breast cancer-specific survival 
(BCSS) in patients undergoing breast-conserving surgery 
(BCS) for genetic mutation-related breast cancer—one 
showed no difference between carriers and non-carriers. 
However, in the other [14], which compared 56 Ashkenazi 
Jewish BRCA carriers with 439 non-carriers, BCSS was 
worse in women with BRCA1 mutations than in those with-
out (62% at 10 years versus 86%; p < 0.0001), but not in 
women with the BRCA2 mutation (84% versus 86% at 
10 years; p = 0.76).

4.2  Surgical Management of Breast 
Cancer in BRCA Carriers

4.2.1  Breast-Conserving Surgery

The current standard surgical treatment for women with uni-
focal, unilateral breast cancer is wide-local excision, fol-
lowed by radiotherapy. This strategy has been shown to have 
comparable long-term oncologic outcomes to mastectomy 

[15, 16]. In recent years, the breast surgery has become 
increasingly conservative, with “no tumor at the inked mar-
gin” currently accepted as adequate resection [17]. However, 
for carriers of BRCA mutations with breast cancer, the 
choice of appropriate local management is more complex. 
Options include BCS, unilateral mastectomy, or bilateral 
mastectomy. Important considerations include the risk of 
ipsilateral breast cancer recurrence and risk of contralateral 
breast cancer (CBC). One important area of uncertainty is 
whether there is a survival advantage to be gained from pro-
phylactic surgery in the setting of a recent breast cancer 
diagnosis.

The safety of BCS for BRCA mutation carriers was 
addressed by Valachis et al. [18], who performed a system-
atic review and meta-analysis. The final cohort included 526 
patients with BRCA mutations and 2320 controls. Among 
the BRCA carriers, 17.3% had reported ipsilateral breast 
recurrence (IBR), as compared with 11% of the control 
group. This difference was not statistically significant 
(p = 0.07). Only four studies differentiated between BRCA1 
and BRCA2 mutation carriers, and although numbers were 
small (405 with BRCA1 mutations and 203 with BRCA2 
mutations), no difference in IBR was seen between the two 
groups. It is important to note that the follow-up was short in 
many of the studies included (2.1–14 years). Longer follow-
up may have shown a larger discrepancy in IBR between 
those with and those without genetic mutations. A case-con-
trol study carried out in Milan compared 54 mutation carriers 
undergoing BCS for breast cancer with 162 matched controls 
with sporadic breast cancer [19]. With a follow-up of 
10 years, there was a significant difference in IBR (27% ver-
sus 4%, hazard ratio [HR] 3.9, p = 0.03). Similarly, a study 
from Yale showed increased rates of IBR after 12 years of 
follow-up in mutation carriers age ≤42 years treated with 
BCS and radiotherapy, compared with non-carriers of the 
same age (49% versus 21%, p = 0.007) [20]. In contrast, a 
similar case-control study carried out at the Institut Curie 
showed that with a follow-up of 13 years, there was no dif-
ference in IBR between carriers and non-carriers of BRCA 
genetic mutations who had BCS for breast cancer [21]. 
Pierce et  al. compared mastectomy and BCS in a clinic- 
based ascertainment of 655 women with BRCA1/2 muta-
tions and found that ipsilateral cancer rates were higher in 
the BCS group (23.5% vs. 5.5%, at 15 years, p < 0.0001). 
This study, like others, did not clearly distinguish between 
true recurrences and metachronous ipsilateral second pri-
mary malignancies. The rate of CBC was 40%, with no per-
ceived difference between those receiving BCS and 
mastectomy. Regional and systemic recurrence rates, along 
with overall survival rates, were similar in both groups [22].

In the systematic analysis by Valachis et  al. [18], the 
results of two studies [23, 24] were combined to investigate 
risk factors for IBR after BCS in BRCA carriers. Two risk 
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factors were identified: receipt of adjuvant chemotherapy 
and oophorectomy. This suggests that conservative treatment 
may be safer in women who opt for or have already under-
gone oophorectomy.

Other factors should also be taken into consideration 
before proceeding with aggressive surgical therapy for 
BRCA carriers with breast cancers. Gangi et al. [25] studied 
a cohort of 135 BRCA carriers diagnosed with ovarian can-
cer and found that 12 (8.9%) were subsequently diagnosed 
with breast cancer during follow-up. Bilateral mastectomy 
was performed in 6 (50%) and the rest had lumpectomy. 
Most of the ovarian cancer patients (82%) were diagnosed at 
stage III/IV, and the majority of the breast cancers (83.3%) 
were stage 0/I. Of the 12 patients diagnosed with breast can-
cer, 4 died of recurrent ovarian cancer. The overall 10-year 
survival of the entire cohort was 17%. The low rate of breast 
cancer in this group may be attributed to the high rate of 
platinum-based chemotherapy (99%), which has a risk 
reductive effect for BRCA mutation carriers, or may just be 
due to the competing risk of mortality from ovarian cancer. A 
similar study from Memorial Sloan Kettering Cancer Center 
and the University of Pennsylvania identified 18 metachro-
nous breast cancers in a cohort of 164 BRCA- mutated 
patients diagnosed with ovarian cancer (11%), of which 12 
of the breast cancers were stage 0/1/2 [26]. Ten- year overall 
survival was 68% in this cohort. None of the reported deaths 
were breast cancer related. These findings suggest that 
aggressive surgery may not be necessary for BRCA carriers 
with breast cancer who have previous ovarian cancer, 
although stage, disease status, and time since ovarian cancer 
diagnosis should be taken into consideration.

Overall, these results suggest that the risk of IBR in 
BRCA carriers does not appear to be significantly increased 
over the short term, suggesting that radiotherapy is as effec-
tive in carriers as in non-carriers. However, there appears to 
be an increased risk of ipsilateral events with continued fol-
low-up, which may represent an ongoing risk of new primary 
malignancy in intact breast tissue that still harbors the under-
lying predisposition.

4.2.2  Contralateral Prophylactic Mastectomy

One of the clinical dilemmas when breast cancer is diag-
nosed in a BRCA mutation carrier is whether a contralateral 
prophylactic mastectomy (CPM) should be required. While 
the addition of radiotherapy to BCS appears to reduce the 
risk of IBR to the level of non-carriers over the short to inter-
mediate term, the rate of CBC has consistently been shown 
to be substantially higher than patients with sporadic breast 
cancer [18, 20, 22]. BRCA carriers treated for unilateral 
breast cancer have been shown to be approximately three 
times more likely to develop CBC than non-carriers [18, 20, 

27]. The cumulative 5-year risk of CBC for BRCA1 and 
BRCA2 mutation carriers has been shown to be 15% and 
9%, respectively, and the 10-year risk has been shown to be 
27% and 19%, respectively [28]. The 5-year cumulative risk 
was remarkably lower in non-BRCA carriers (3%; 95% con-
fidence interval [CI] 2–5%) and remained so over subsequent 
years (5%; 95% CI: 3–7%). This is consistent with other 
descriptions of women diagnosed with sporadic breast can-
cers, who have a risk of 3% at 5 years and 5% at 10 years 
[28]. A recent case-control study by Garcia-Etienne et  al. 
reported a CBC rate of 25% at 10 years in mutation carriers, 
as compared with 1% in the control group of patients with 
sporadic breast cancer [19]. The meta-analysis by Valachis 
et al. [18] reported pooled CBC rates of 23.7% among BRCA 
carriers and 6.8% in non-carriers (risk ratio [RR] 3.56, 
p < 0.001), based on 11 studies, bearing in mind that some 
had short follow-up of less than 5  years. Combining the 
results of the seven studies that differentiated between 
BRCA1 and BRCA2 carriers, they found that patients with 
BRCA1 mutations had a higher CBC rate than those with 
BRCA2 mutations (21% vs. 15%, RR 1.42, p  =  0.04). 
Oophorectomy and increased age were associated with 
decreased risk of CBC (RR 0.52, RR 0.57, respectively). In 
patients who had not undergone bilateral oophorectomy, the 
use of tamoxifen significantly reduced the risk of CBC (RR 
0.42). Graeser et al. followed a cohort of BRCA carriers for 
25 years and reported a CBC rate of 47.4% [29]. Patients 
who were initially diagnosed before the age of 40, and who 
carried the BRCA1 mutation, had an even higher rate at 
25 years (62.9%). A recent Dutch review of 6294 patients, of 
whom 271 carried a mutation of BRCA1/2, reported a 
10-year cumulative CBC risk of 5.1% for non-carriers, 
21.1% for BRCA1 carriers, and 10.8% for BRCA2 carriers 
[27]. Younger age at diagnosis was associated with higher 
risk of CBC in mutation carriers (23.9% vs. 12.6%), but not 
in non-carriers. Conversely, systemic therapy was associated 
with lower risk in non-carriers, but not in mutation carriers. 
Metcalfe et al. found that the number of first-degree relatives 
affected with breast cancer was also a predictor of the devel-
opment of CBC [30].

The increased risk of CBC in BRCA mutation carriers 
raises the question of whether these patients derive a survival 
benefit from CPM.  Metcalfe et  al. followed 390 BRCA- 
mutated patients treated with mastectomy for unilateral breast 
cancer for 20 years [31]. Of these, 181 also had a contralateral 
mastectomy. At 20 years the overall survival of those who had 
contralateral mastectomy was 88%, as compared with 66% of 
those who did not, and the death- from- breast-cancer rate was 
9.9% vs. 29.2%, respectively (p < 0.0001). In the multivari-
able analysis, contralateral mastectomy was associated with a 
48% reduction in death from breast cancer, but this was not 
significant in the propensity score-adjusted analysis. It is 
important to note that this study was retrospective and not 
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randomized. One of the major  criticisms of this paper has 
been that many of the CPMs were carried out years after the 
initial diagnosis and that the survival was calculated from the 
time of initial diagnosis, leading to a significant survival bias. 
A prospective study of 583 BRCA mutation carriers, diag-
nosed between 1980 and 2011 in The Netherlands, compared 
those who had CPM and those who did not [32]. Among the 
242 patients who had CPM, 2% developed CBC, after a 
median follow-up of 11.4 years, as compared with 19% of 
those who did not. Mortality was lower in the CPM group 
(9.6 versus 21.6 per 1000 person years of observation). Those 
diagnosed before the age of 40, and those who did not receive 
chemotherapy, derived the most benefit from CPM. Again, 
the result of this study may overestimate the benefit of CPM 
due to selection bias and late CPM in survivors found to be 
carriers many years after their initial diagnosis. Although 
many papers reported variable outcomes with and without 
CPM in high- risk patients, few have examined those with 
BRCA mutations specifically. Studies examining outcomes 
following CPM in breast cancer patients with BRCA1/2 
mutations are summarized in Table  4.1 [31, 33, 34]. It is 
important to note that many of the patients included in these 
studies may have been diagnosed before the widespread 
availability of MRI screening. With aggressive surveillance, 
benefit derived from CPM may be lower.

The choice of surgical treatment for first diagnosis of 
breast cancer is a complex decision based on multiple factors 
and requires detailed discussion with the patient. If the 
patient is requesting the highest risk reduction, then mastec-
tomy with CPM may be offered. If the patient has had oopho-
rectomy or is premenopausal and planning oophorectomy in 
the near future, then BCS with adjuvant radiotherapy is a 
reasonable option, especially in older BRCA2 carriers, with 
local recurrence rates in line with those of non-carriers. 
Patients should be counseled regarding the high risk of 
CBC. If the patient wishes to preserve the ovaries and man-
age the affected breast conservatively, then the risk of IBR 
and CBC should be highlighted, and increased surveillance 
should be considered. For patients considering mastectomy 
with or without CPM, and wishing to have reconstruction, 
the need for postmastectomy radiation therapy should be 

taken into consideration, as this may have an impact on cos-
metic outcomes [35].

4.3  Surgical Management of Unaffected 
BRCA Carriers

4.3.1  Risk-Reducing Mastectomy

Several studies have examined the effect of bilateral prophy-
lactic mastectomy on outcomes of BRCA1/2 carriers. The 
results are summarized in Table 4.2 [36–41]. The majority of 
studies showed a significant reduction in the risk of breast 
cancer, although there is no convincing evidence of improved 
mortality. There are no randomized controlled trials to date 
examining the benefits and risk of risk-reducing mastectomy 
(RRM). A recent meta-analysis by de Felice et al. [42] dem-
onstrated a significant reduction in the risk of breast cancer 
in mutation carriers receiving RRM (HR 0.07; 95% CI 0.01–
0.44; p = 0.004). It is important to note that there is signifi-
cant morbidity associated with RRM, with complication 
rates reaching 40–64% [43–45] and with significant propor-
tions expressing dissatisfaction with their appearance and 
decreased breast sensation postoperatively [46, 47]. A sys-
tematic review by Razdan et al. [48], however, reported high 
satisfaction rates and favorable psychosocial outcomes in 
patients undergoing RRM. Sexual well-being was unfavor-
able in 38% of patients in the 11 studies which reported it.

National Comprehensive Cancer Network (NCCN) guide-
lines [49], the U.S. Preventive Services Task Force (USPSTF) 
guidelines [50], the Society of Surgical Oncology (SSO) 
guidance [51], and The National Institute for Health and Care 
Excellence (NICE) recommendations [52] acknowledge that 
while the risk of breast cancer is reduced by 85–100% and 
breast cancer-specific mortality is reduced by 81–100% by 
RRM, the procedure carries significant morbidity. It is there-
fore recommended that the decision to proceed with RRM in 
an unaffected individual be made with multidisciplinary input 
and after detailed discussion with the patient.

4.3.2  Nipple-Sparing Mastectomy

Recently, it has been shown that almost 70% of BRCA muta-
tion carriers undergo reconstruction following prophylactic 
mastectomy, and this is even higher (77.6%) in those who are 
35 years of age or younger at the time of surgery [53]. It has 
been shown that preservation of the nipple-areolar complex 
(NAC) is associated with improved body image, patient sat-
isfaction, and breast sensation [54]. Local and distant recur-
rence rates, along with cancer-specific survival rates, have 
been shown to be comparable with patients who have had 
conventional mastectomy [55]. There has been debate in 

Table 4.1 Studies examining outcomes following contralateral pro-
phylactic mastectomy in breast cancer patients with BRCA1/2 
mutations

Study n

Contralateral breast 
cancer rates Survival
With 
CPM (%)

Without 
CPM (%)

With 
CPM (%)

Without 
CPM (%)

Metcalfe [31] 390 0.6 33.5 88 66
Heemskerk- 
Gerritsen [32]

583 2 19 92 81

Evans [33] 698 0 25 89 71

CPM contralateral prophylactic mastectomy
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recent years regarding the safety of nipple-sparing mastec-
tomy (NSM) in BRCA mutation carriers. The rate of cancer, 
either invasive or in situ, identified in the NAC of prophylac-
tic specimens of BRCA carriers has been shown to be low 
[56, 57]. There are no randomized trials comparing prophy-
lactic total mastectomy and NSM in BRCA mutation carri-
ers, and the available evidence is limited to small retrospective 
studies. A cohort of 89 BRCA mutation carriers who had 
NSM were followed for a median of 28 months and found to 
have no local recurrence in those with breast cancer and no 
subsequent diagnosis of breast cancer in those who had pro-
phylactic surgery [58]. Excision of the NAC was subse-
quently performed in five patients, of whom one was for 
further investigation of ductal carcinoma in situ which was 
found in the margin of the mastectomy specimen, and there 
was no disease found in the NAC of any of these five patients. 
Yao et al. reported a series of 201 BRCA1/2 carriers who had 
NSM, of whom 150 were for risk reduction and 51 were for 
cancer [59]. Of those who had prophylactic surgery, 4 (2.7%) 
were found to have incidental cancers. Only one of these 
patients had a cancer event at a mean follow-up of 
32.6 months.

Patients should be counseled regarding the risk of nipple 
necrosis (5–26%) and risk of need for surgical debridement 
of the NAC (3.5–18%) [58–60].

Although these early studies are encouraging regarding 
the oncologic safety of prophylactic NSM for BRCA muta-
tion carriers, larger studies with longer follow-up will be 
helpful to assure patients and physicians of the safety of the 
procedure.

4.3.3  Prophylactic Oophorectomy

Current guidelines recommend prophylactic oophorec-
tomy after completion of childbearing for carriers of 

BRCA1/2 mutations. The NCCN, the USPSTF, and the 
SSO all recommend prophylactic bilateral salpingo-
oophorectomy (BSO) at the age of 35–40 for BRCA muta-
tion carriers while factoring in patient and family choices 
[49–51]. Despite the strength of this recommendation, the 
data on the effect of prophylactic oophorectomy on risk of 
breast cancer is conflicted. It is important to bear in mind 
that the procedure is associated with significant side 
effects, including menopausal symptoms, infertility, and 
osteoporosis [61].

A retrospective study by Rebbeck et  al. [62] of 551 
BRCA carriers demonstrated a risk reduction of 96% for 
ovarian cancer and 53% for breast cancer with prophylactic 
BSO. A prospective study by Kauff et al. [63] yielded simi-
lar findings, with BSO conferring a 85% risk reduction for 
BRCA1-related gynecological malignancy and 72% for 
BRCA2-related breast cancer. There was no effect on the 
risk of ER negative breast cancer. A meta-analysis by 
Rebbeck et al. [64] showed significant reduction in the risk 
of breast cancer in BRCA1/2 mutation carriers undergoing 
prophylactic BSO, with similar rates of reduction in BRCA1 
and BRCA2 carriers (HR 0.49; 95% CI = 0.37–0.65, BRCA1 
mutation carriers HR 0.47, BRCA2 mutation carriers HR 
0.47). Domchek et al. also reported lower all-cause mortal-
ity and breast- specific mortality in those undergoing BSO 
(10% vs. 3%, HR 0.4 and 6% vs. 2%, HR 0.44). More recent 
studies have been less encouraging. A recent study carried 
out in The Netherlands followed a group of 104 BRCA1 and 
58 BRCA2 mutation carriers who had RRSO at premeno-
pausal age and identified 18 breast cancers in 18 women 
during 532 women- years (34/1000 women-years), indicat-
ing a lower reduction in the risk of breast cancer than 
expected [65]. Another group described outcomes in 3722 
BRCA mutation carriers, of whom 1522 had bilateral 
oophorectomy [66]. Overall, oophorectomy was not associ-
ated with decreased breast cancer risk. Age-adjusted HR 

Table 4.2 Studies examining the effect of bilateral prophylactic mastectomy on outcomes of BRCA1/2 carriers

Study Year Total n
Breast cancer risk Survival

CommentsWith RRM W/o RRM With RRM W/o RRM
Rebbeck [36] 2004 483 2/109 (1.9%) 184/378 (48.7%) N/R N/R Retrospective case-control 

study
Heemskerk- 
Gerritsen [37]

2007 145 (with 
BRCA)

1/145 (0.7%) – 100% OS – Retrospective analysis of 
high-risk patients with RRM

Domchek [38] 2010 1619 0/257 (0%) 98/1372 (7.1%) N/R N/R
Skytte [39] 2011 307 3/96 (0.8% 

per person 
year)

16/211 (1.7% 
per person year)

N/R N/R

Ingham [40] 2013 691 7/126 220/565 98% 86.7% Median follow-up 13.3 years
Heemskerk- 
Gerritsen [41]

2013 570 (405 
BRCA1)

0/212 (0%) 57/358 (16%) 100% (breast 
cancer-free survival)
99% OS

74% (breast cancer-
specific survival)
96% OS

RRM risk-reducing mastectomy, N/R not reported, OS overall survival
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associated with oophorectomy was 0.96 (95% CI 0.73–1.26) 
for BRCA1 and was 0.65 (95% CI 0.37–1.16) for BRCA2 
mutation carriers. However, in stratified analyses, the effect 
of oophorectomy was significant for breast cancer in 
BRCA2 carriers diagnosed prior to age 50 (age-adjusted HR 
0.18, 95% CI 0.05–0.63), but still not in BRCA1 mutation 
carriers.

With regard to the impact of oophorectomy on breast can-
cer outcomes, Narod et al. described a cohort of 676 BRCA 
mutation carriers with a diagnosis of breast cancer, of whom 
345 subsequently underwent oophorectomy, and suggested 
that BRCA1 carriers with ER negative disease derived the 
greatest benefit from oophorectomy (HR 0.07, p  =  0.01) 
[67]. There was no effect on the risk of disease- specific mor-
tality in ER positive breast cancers. This counterintuitive 
result may result from selective survival bias, given that the 
oophorectomy was performed at a mean of 6 years after the 
diagnosis of breast cancer and given that triple negative 
breast cancer typically recurs 1–3  years after the primary 
diagnosis. At this time, there is insufficient evidence to rec-
ommend oophorectomy as a therapeutic intervention in 
patients with BRCA-associated breast cancer, and the major 
benefit of the procedure appears to be in the prevention of 
ovarian cancer.

4.4  Surveillance of Patients with BRCA1/2 
Genetic Mutations

Patients with diagnosed genetic mutations that predispose 
them to breast cancer may elect to defer risk-reducing sur-
gery. These patients require surveillance to detect cancer at 
an early operable stage. NCCN guidelines [49] recommend 
that these patients become “breast aware” from the age of 
18 and commence clinical examination every 6–12 months 
from age 25. Radiological screening should commence at 
25–29  years of age and continue to the age of 75, with 
annual MRI, and from age 30, annual mammogram should 
also be performed. There is no proven clinical benefit to 
mammographic screening before the age of 30 [68]. 
Internationally, there is some variation in surveillance pro-
tocols, with MRI screening only being carried out to the 
age of 49 and mammographic screening to the age of 69. 
Regarding surveillance post risk-reducing surgery, there 
are no established guidelines. A recent international survey 
revealed that in most countries, clinical examination is still 
performed either annually or semiannually post risk-reduc-
ing surgery [69]. In Austria and Israel, annual MRI and 
ultrasound are still performed after RRM, and in other 
countries, MRI is carried out after NSM, to assess the vol-
ume of remaining breast tissue, in order to assess for fur-
ther need for surveillance.

4.5  Chemoprevention for BRCA Carriers

There is a growing body of evidence to support the use of 
chemoprevention of breast cancer in certain high-risk 
patients. The International Breast Intervention Study (IBIS) 
1 trial showed a risk reduction with tamoxifen in the inci-
dence of ER positive breast cancers (HR 0.65) and ductal 
carcinoma in situ (HR 0.66), but not ER negative breast can-
cers [70]. The Royal Marsden breast cancer prevention trial 
also showed a significant reduction in the risk of ER positive 
breast cancer with the use of tamoxifen (HR 0.48), at 20 years 
of follow-up [71]. However, neither of these studies had suf-
ficient numbers of BRCA mutation carriers to examine the 
preventative effect of tamoxifen for these patients. The 
NSABP-P1 Breast Cancer Prevention Trial randomized 
13,338 women to receive tamoxifen or placebo, and at a 
median follow-up of 54 months, a risk reduction of 49% was 
seen in the tamoxifen group [72]. Of the 288 breast cancer 
cases, 19 were carriers of a BRCA mutation. Analysis of 
these patients showed that tamoxifen reduced the incidence 
of breast cancer in carriers of BRCA2 by 62%, but not carri-
ers of BRCA2 [73]. However, two small case-control studies 
[74, 75] showed a reduction in the risk of CBC in carriers of 
BRCA1 and BRCA2. There have not, to date, been any ran-
domized controlled trials examining the effect of chemopre-
vention on the risk of breast cancer in BRCA carriers.

It has been hypothesized that environmental and behav-
ioral factors may influence the development of breast cancer 
in patients with genetic mutations. A meta-analysis by 
Friebel at examining modifiers of cancer risk in BRCA1 and 
BRCA2 mutation carriers concluded that although several 
associations were identified, including age at first live birth, 
smoking status, breastfeeding, and oral contraceptive use, 
the data assessing modifiers were inadequate, and further 
studies were warranted [76]. There is a randomized con-
trolled trial currently assessing the efficacy of a lifestyle 
intervention program for BRCA mutation carriers [77].

4.6  Conclusions

Hereditary breast cancer accounts for up to 10% of all breast 
cancers and up to 40% of breast cancers diagnosed in 
younger women. Although treatment has traditionally been 
more aggressive in these women, their risk of local recur-
rence is lower than previously thought. Due to their increased 
risk of CBC, they are often offered risk-reducing surgery at 
the time of diagnosis.

Women diagnosed with a genetic mutation associated 
with increased risk of the development of breast cancer are 
faced with options regarding surveillance and prophylactic 
surgery. The evidence suggests that while risk-reducing BSO 
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and mastectomy can dramatically reduce the risk of develop-
ing breast and ovarian cancer, the use of modern imaging 
techniques for aggressive surveillance may reduce the 
urgency of surgery. Further research is needed to investigate 
the use of chemoprophylaxis and other risk modifiers in 
women with a genetic mutation that predisposes them to 
breast cancer.
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5.1  Introduction

Breast cancer represents one of the most complex diseases in 
medicine [1, 2]. It is a broad universe of diseases with differ-
ent biological profiles, clinical manifestations, and progno-
ses, whose common history began with mutilating surgeries 
in the late nineteenth century and reached a better under-
standing with the development of molecular biology in less 
than 100 years. The replacement of the Halstedian paradigm, 
associated with the early diagnosis, changed the treatment of 
this disease, personalizing and improving the patients’ qual-
ity of life while increasing their cure rates with less mutilat-
ing approaches [3, 4]. The multidisciplinary model of disease 
management and the rapid incorporation of new diagnostic 
and therapeutic technologies were the main responsible for 
this [5]. Thus, in this chapter the main aspects related to 
breast imaging will be discussed.

5.2  Diagnostic Methods of Breast Cancer

Mammography (MG) is, currently, the most important 
method in breast evaluation. Other diagnostic methods, such 
as ultrasound (US), magnetic resonance (MR), tomosynthe-
sis (TMS), scintigraphy, and PET-CT, are used as auxiliary 
methods in the diagnosis of breast cancer, and they are cho-
sen according to the lesion that will be evaluated [6].

There are two different levels of approach for breast eval-
uation, which have an influence on the choice of imaging 
methods: asymptomatic patient evaluation for breast cancer 
screening and symptomatic patient to diagnose either a 
benign or a malignant tumor.

5.2.1  Breast Cancer Screening

The aim of breast cancer screening is to spot the tumor at an 
early stage, before its clinical manifestation, increasing the 
chances of patients’ extended life. Mammography is the only 
method that pointed to an absolute reduction in mortality rate 
(between 25% and 30%) among patients undergoing regular 
screening, due to detection of ductal carcinomas in situ and 
infiltrating carcinomas of a smaller size and staging when 
compared with the group of non-tracked ones [7–15]. US 
and MR have appeared useful in specific groups of patients; 
however no long-term study has been carried out to deter-
mine the impact on mortality.

MG can detect 5–7 cancer cases in every 1000 asymptom-
atic women undergoing the first exam and 2–3 cases at every 
1000 women undergoing annual screening [16]. The HIP 
(Health Insurance Plan) study was the first evidence of the 
mammographic potential to reduce mortality rate. Within 
this study, performed in the 1960s, around 6000 women were 
randomized in two groups, a control one and another one 
undergoing physical exams and mammograms. After a 
7-year follow-up, a 30% mortality rate reduction in the group 
of women that underwent screening [17, 18] was noticed. 
After that study, mammography began to be widely used for 
screening breast cancer. By the end of the 1980s, a variety of 
other studies confirmed reduction of mortality rate of 
50-year-old patients and above, undergoing regular screen-
ing [7–15]. There are also benefits, though not so evident, to 
women between 40 and 50 years old. Although no piece of 
study has demonstrated an association between self- exam of 
breasts and lower mortality rate, this type of test has to keep 
being encouraged.

US is not appropriate as an initial method for tracking, 
mainly due to its limitation to evaluate microcalcifications, 
which are the early cancer manifestation in 50% of cases. 
Some studies have proposed the use of US as the method for 
screening of asymptomatic patients with negative mammo-
gram, though dense (density categories BI-RADS 3 and 4) 
[19]. Kolb et al. [20] have published a study performed with 
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11,130 asymptomatic patients undergoing mammography 
and US, which shows that additional US and mammography 
have increased the detection of breast cancer in dense breast 
patients at 42%. Nevertheless, so far there are not enough ran-
domized studies showing a decrease in mortality rate among 
this group of patients, which is a requirement for application 
of the method as a screening method in large populations.

RM appears to be the most sensitive method for detecting 
breast cancer among high-risk patients, mainly for those 
with identified genetic alterations (BRCA1 and BRCA2) or 
a marked family history [16, 21, 22]. Krieger et al. [21] fol-
lowed up 1909 women with marked family history or with 
genes BRCA1 and/or BRCA2 positive for an average period 
of 2.9 years, showing 33.3% sensitivity to mammography 
and 79.5% for MR. Kuhl et al. [23] evaluated 529 asymp-
tomatic women for a period of 5.3 years, with marking fam-
ily history or genetic mutation, and they observed 33% 
sensitivity for mammography, 40% for US, and 91% for 
MR.  More recent studies have confirmed these findings. 
Riedl et al. in 2015 reported an overall sensitivity similar for 
MG and US, isolated, 38% and, when combined, 50%. 
Isolated MRI showed sensitivity of 90% and, combined with 
mammography, 93%, with no increase when combined with 
US [24]. However, randomized prospective studies are 
required in order to establish the impact of mortality on these 
new tracking methods.

In Brazil, the Brazilian College of Radiology and 
Diagnostic Imaging (CBR), the Brazilian Society of 
Mastology (SBM), and the Brazilian Federation of 
Gynecology and Obstetrics (FEBRASGO) published their 
recommendations for the screening of breast cancer [25]. 
The recommendations are the following:

 (a) Women aged under 40.
• Mammography—Generally, at this age range mam-

mography is not recommended, except on an individ-
ual basis for women at high risk for breast cancer, as 
shown on Table 5.1.

• Ultrasonography—At this age range, sonographic 
screening is not recommended, except on an individ-
ual basis for women at high risk for breast cancer in 
whom screening by magnetic resonance imaging 
might be appropriate but, for any reason, cannot be 
performed.

• Magnetic resonance imaging —At this age range, 
breast MRI screening is not recommended, except on 
an individual basis for women at high risk for breast 
cancer, as shown on Table 5.2.

 (b) Women aged between 40 and 69.
• Mammography—At this age range, mammography is 

recommended for all women with annual periodicity.
• Ultrasonography—Generally, at this age range, sono-

graphic screening is not recommended, except on an 

individual basis for women in the situations described 
on Table 5.3.

• Magnetic resonance imaging—Generally, at this age 
range, MRI screening is not recommended, except on 
an individual basis for women at high risk for breast 
cancer, as shown on Table 5.4.

Table 5.1 Recommendations for mammographic screening for high- 
risk women aged under 40

Women with genetic mutation 
(BRCA1 or BRCA2) or with 
first-degree relatives with proved 
mutation

Starting at 30 years of age (but 
not before the age of 25)

Women at lifetime risk of ≥20%, 
according to one of the 
mathematical models based on the 
patient’s family history

Starting at the age of 30, or 
10 years before the age of 
diagnosis of the youngest 
relative affected by the disease 
(but not before the age of 25)

Women with previous history of 
chest irradiation between 10 and 
30 years of age

Starting 8 years after the 
radiotherapy treatment (but not 
before the age of 25)

Women with Li-Fraumeni or 
Cowden syndrome, or family 
history (first degree relatives) of 
such syndromes

Starting at the time of the 
diagnosis (but not before the 
age of 25)

Women with personal history of 
lobular neoplasia (ALH and LCIS), 
ADH, LCIS, invasive breast cancer 
or invasive ovarian cancer

Starting at the time of the 
diagnosis (but not before the 
age of 25)

Note: ALH atypical lobular hyperplasia, LCIS lobular carcinoma in situ, 
ADH atypical ductal hyperplasia, CDIS in situ ductal carcinoma

Table 5.2 Recommendations for screening with magnetic resonance 
imaging for high-risk women aged under 40

Women with genetic mutation 
(BRCA1 or BRCA2) or with 
first-degree relatives with proved 
mutation

Annually, starting upon 
confirmation of the genetic 
mutation (but not before the 
age of 30)

Women at life time risk of ≥20%, 
according to one of the 
mathematical models based on the 
patient’s family history

Annually upon risk calculation 
or 10 years before the age of 
diagnosis of the youngest 
relative (but not before the age 
of 30)

Women with previous history of 
chest irradiation between 10 and 
30 years of age

Annually, starting 8 years after 
the radiotherapy treatment (but 
not before the age of 30)

Women with Li-Fraumeni or 
Cowden syndrome, or family history 
(first degree relatives) of such 
syndromes

Annually, starting at the time 
of the diagnosis (but not before 
the age of 30)

Women with personal history of 
lobular neoplasia (ALH and LCIS), 
ADH, ISDC, invasive breast cancer 
or invasive ovarian cancer

Annually, starting at the time 
of the diagnosis (but not before 
the age of 30)

It may be considered in women with 
recent diagnosis of breast cancer 
and with a normal breast at 
conventional imaging methods and 
physical examination

Single evaluation of the 
contralateral breast at the 
moment of the diagnosis

Note: ALH atypical lobular hyperplasia, LCIS lobular carcinoma in situ, 
ADH atypical ductal hyperplasia, CDIS in situ ductal carcinoma

L. Urban and C. Urban
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 (c) Women aged above 70.
• Mammography—At this age range, mammographic 

screening is recommended on an individual basis, as 
shown on Table 5.5.

5.2.2  Evaluation of Symptomatic Patients

All imaging methods are useful for the evaluation of a 
patient with symptoms or signs that point to breast cancer. 
The combination of MG and US is particularly useful in 
this group of patients. Moy et al. [26] report that only 2.6% 
of patients did not have symptoms or signs appearing in 
mammography and in US from a group of 374 symptom-
atic women with breast cancer. Kolb et  al. [20] also 
reported that MG itself diagnosed only 48% of the tumors 
in patients with dense breasts, while MG US together 
detected 97% of the cases. The possibility of a patient to 

present with a tumor through negative MG and US goes 
down to 3%.

The choice of an initial method for a symptomatic patient 
may be influenced by the patient’s age range. If the patient is 
young (below 35 years old), US is the chosen method for 
initial evaluation, considering that most patients will show 
dense breasts. For patients aged 35 years old and above, an 
initial evaluation with MG is recommendable, and comple-
mentary US or MR applies for cases in which clinical suspi-
cion is maintained.

It is relevant to make it clear that there is no test or test 
group able to guarantee that a patient does not have breast 
cancer within the effectiveness of a suspicious physical 
exam. The final conduct in this group of patients must be 
based mainly on clinical parameters.

5.3  Breast Imaging Reporting and Data 
System (BI–RADS®)

Breast Imaging Reporting and Data System (BI-RADS®) is 
the result of a mutual effort between members of the 
American College of Radiology (ACR) with the cooperation 
of the National Cancer Institute, Centers for Disease Control 
and Prevention, Food and Drug Administration, American 
Medical Association, American College of Surgeons, and 
College of American Pathologists. This system is designed to 
standardize the medical report, reduce misunderstandings in 
the interpretation of images, and make patients’ follow-up 
easier, besides allowing for an internal quality auditing sys-
tem. It should be used in MG, US, and MR [6].

After evaluation of images, the medical report must be 
written in a clear and concise way, so it can give the profes-
sional who requested the test a real idea of what was diag-
nosed as well as the recommended conduct. The medical 
report must contain the five parts that follow:

 (a) Indication for exam (a brief description of the reason for 
exam).

 (b) Breast composition (description of the breast standard, it 
indicates the risk of a lesion to be obscured by normal 
mammary tissue).

 (c) Findings (an accurate description of the findings accord-
ing to established terms and standards must be made).

 (d) Comparison to previous studies (important in cases of 
dubious findings, and less important in cases of either 
negative or benign mammograms).

 (e) Overall assessment (classification of exam in one of the 
system categories, and conduct recommendation (see 
Table 5.6):

Category 0 : must be reserved for cases in which an addi-
tional evaluation has to be performed, such as additional 

Table 5.3 Recommendations for screening with ultrasonography for 
women aged between 40 and 69

It may be considered in high-risk women, 
particularly those where MRI screening might be 
appropriate but, for any reason cannot be performed

Individualized

It may be considered for women with dense breast 
tissue, as an adjuvant to mammography

Individualized

Table 5.4 Recommendations for screening with magnetic resonance 
imaging for high-risk women aged between 40 and 69

Women with genetic mutation (BRCA1 
or BRCA2) or with first-degree relatives 
with proved mutation

Annually, starting upon 
confirmation of genetic 
mutation

Women at lifetime risk of ≥20%, 
according to one of the mathematical 
models based on the patient’s family 
history

Annually, upon risk 
calculation

Women with previous history of chest 
irradiation between 10 and 30 years of 
age

Annually, starting after 
8 years of treatment

It might be considered for women with 
personal history of lobular neoplasia 
(ALH and LCIS), ADH, DCIS invasive 
breast cancer or invasive ovarian cancer

Annually starting at the 
time of the diagnosis

It may be considered in women with 
recent diagnosis of breast cancer and with 
a normal breast at conventional imaging 
methods and physical examination

Single evaluation of the 
contralateral breast at the 
moment of the diagnosis

ALH atypical lobular hyperplasiam, LCIS lobular carcinoma in situ, 
ADH atypical ductal hyperplasia, DCIS in situ ductal carcinoma

Table 5.5 Recommendations for mammographic screening of women 
aged above 70

Women with life expectancy >7 years, with basis on 
comorbidities

Annually

Women who can be submitted to invasive diagnostic 
investigation and treatment after abnormal result of 
screening

Annually

5 Breast Imaging in Oncoplastic and Reconstructive Breast Surgery
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mammographic incidences with local compression or ampli-
ations, or even complementation with other tests (for 
instance, US or MR). It can also be used in cases that a com-
parison with previous tests becomes important, before a final 
impression is reached.

Categories 1 and 2: cases classified as negative (category 
1) or with benign findings (category 2) are followed up 
through annual routine tests.

Category 3: in cases of probably benign lesions, which 
show risk of malignancy lower than 2%, a semester follow-
up is recommendable until 2 or 3 years have been completed 
(according to the lesion) aiming to determine the stability of 
the lesion. After such a period, if no alteration in the lesion is 
noticed, it begins to be classified as category 2, returning 
then to the annual tracking group.

Category 4: considering lesions classified as 4, the subdi-
vision 4A, 4B, and 4C is optional, though strongly recom-
mended. Category 4A must be used when the risk of 
malignancy is low and a 6-month control period after biopsy 
or a negative cytology is indicated. Category 4B indicates an 
intermediate risk of malignancy, so a good anatomic- 
radiological correlation is needed. Category 4C includes 
findings of moderate suspicion in which a malignant result is 
expected.

Category 5: lesions classified as highly suggestive of 
malignancy show a risk of malignancy higher than 95%. This 
group must be reserved for the group of classic tumor lesions 
such as spiculated masses, pleomorphic calcifications, or 
ductal calcifications, in which a malignant lesion can only be 
discharged after surgical evaluation of the region in 
question.

Category 6: this category is reserved for the group of 
lesions that already have a diagnosis of cancer, when return-
ing for neoadjuvant chemotherapy control or even in cases 
that a second opinion is required. This category is not appro-
priate in cases of follow-up after breast conservative 
surgery.

5.4  Mammography

5.4.1  Normal Mammographic Findings

There is a big variation in the appearance of a normal breast 
in a mammogram, mainly as to the size, shape, and paren-
chyma composition. Parenchyma composition may vary 
from almost totally substituted to extremely dense, and this 
composition is directly related with sensitivity to 
mammography.

Liposubstituted breasts allow for an excellent background 
tissue for tumor visualization, while high density can obscure 
cancer visualization.

The BI-RADS® standards the composition of the breast is 
divided into four categories [6]:

 (a) Category a: breasts are almost entirely fatty (Fig. 5.1a).
 (b) Category b: there are scattered areas of fibroglandular 

density (Fig. 5.1b).
 (c) Category c: the breasts are heterogeneously dense, which 

may obscure the small masses (Fig. 5.1c).
 (d) Category d: the breasts are extremely dense, which low-

ers the sensitivity of mammography (Fig. 5.1d).

Younger women tend to have a bigger amount of fibro-
glandular tissue, although there is considerable variation 
within the same age range. As the age range increases or 
when the woman breastfeeds, the fibroglandular tissue tends 
to be replaced by fat. The replacement always occurs from 
the posterior region to the anterior one and from medial to 
lateral, in a symmetric way. An increase in mammary density 
can be observed during pregnancy and due to the use of hor-
mone therapy.

5.4.2  Abnormal Mammographic Findings

Masses and calcifications are the most common abnormal 
findings in MG. Other lesions that have been observed are 
architectural distortion, focal asymmetry, global asymmetry, 
retraction or cutaneous thickening, mammillary retraction, 
and axillary lymphadenomegaly.

5.4.2.1  Masses
Masses are described as lesions occupying space that is seen 
in at least two incidences. They are described according to 
shape, margin, and density [6].

Shapes can be round, oval, or irregular (Fig. 5.2). While 
the oval and round shapes are usually related with benign 
lesions, the irregular shape is more associated with malig-
nant lesions.

Margins are also an important indicator of malignancy, 
and they are described as circumscribed, microlobulated, 

Table 5.6 BI-RADS® categories

Category Definition
Risk of 
malignancy Recommendation

0 – – Additional imaging 
required

1 Negative – Annual follow-up
2 Benign finding(s) 0% Annual follow-up
3 Probably benign <2% Term follow-up
4 (A, B, 
C)

Suspicious of 
malignancy

3–95% Biopsy recommended

5 Highly suggestive 
of malignancy

>95% Biopsy required

6 Known neoplasia – Conduct according to 
case

aAdapted from Breast Imaging Reporting and Data System 
(BI-RADS®)

L. Urban and C. Urban
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obscured, indistinct, or spiculated (Fig. 5.3). Circumscribed 
lesions are defined as lesions that show at least 75% of the 
margins well-defined, and they are associated with a possi-
bility of malignancy lower than 2% [31, 32]. These lesions 
are classified as probably benign (BI-RADS® 3 category), 
and it is recommended that a semester control is done. But 
microlobulated lesions and indistinct ones show a higher risk 
of malignancy, while spiculated ones are highly suggestive 
of malignancy.

The density of masses may also point to its etiology, being 
described as high density, low density, isodense to paren-
chyma, and fat density (Fig. 5.4). Generally, benign lesions 
tend to be less dense than malign ones, though this is not 

always absolutely true. The existence of fat density inside the 
mass confirms its benign nature.

Finding associated lesions may help define the nature of 
lesions, such as gross calcifications (associated with fibro-
adenoma in involution) and pleomorphic (related to malig-
nant lesions), cutaneous retraction and mammillary 
retraction.

5.4.2.2  Calcifications
Calcifications must be described according to their mor-
phology and distribution. Morphology shows a good cor-
relation with the nature of calcifications, and they can be 
classified as [6]:

a b c d

Fig. 5.1 Mammographic patterns of mammary density according to BI-RADS®: breasts are almost entirely fatty (a); scattered areas of fibroglan-
dular density (b); the breasts are heterogeneously dense (c); extremely dense (d )

a b c

Fig. 5.2 Shapes of masses screened: round (a), oval (b), and irregular (c)

5 Breast Imaging in Oncoplastic and Reconstructive Breast Surgery
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 (a) Typically benign: skin calcifications (lucent-centered), 
vascular (parallel lines associated with vascular struc-
tures), “popcorn” type (coarse and associated with mass 
images, corresponding to fibroadenoma in involution), 
gross tubular (associated with duct ectasia), round (fre-
quently formed in acini and lobes), rodlike (lucent-cen-
tered), “eggshell” (calcium deposit on the cyst walls or 
of fat necrosis), “milk of calcium” (sediment calcifica-
tions inside the cysts), sutures (formation of calcium 
around the sutures), and dystrophic (in irradiated breasts 
and those undergoing traumas) (Fig. 5.5).

 (b) Suspicious morphology: amorphous (frequently small 
and with morphology difficult to define, commonly 
mistaken as benign calcifications; when grouped they 
should be correlated with biopsy) (Fig.  5.6a), coarse 
heterogeneous (they are larger and tend to coalesce, so 
they can be associated with malignancy or with an ini-
tial phase of dystrophic calcifications of fibrosis, fibro-
adenoma, or trauma) (Fig. 5.6b), fine pleomorphic (they 
show a wide variety of shapes and sizes, generally less 
than 0.5 mm) (Fig. 5.7a), and fine linear or fine- linear 

branching (calcifications on the duct tracks, which sug-
gest that there is participation of the duct through the 
tumor) (Fig. 5.7b).

Considering calcification distribution, we can describe 
them as follows:

 (a) Diffuse: distributed at random in the breasts, generally 
found in benign calcifications.

 (b) Regional: found in a broad area of the breast, but with no 
duct track. It may involve one or more quadrants, and the 
risk of malignancy is associated mainly with calcifica-
tion morphology.

 (c) Grouped: they must be used when at least five calcifica-
tions occupy a small volume of the breast, and there is 
high risk of malignancy.

 (d) Linear: they point to a ductal distribution, increasing the 
risk of malignancy.

 (e) Segmental: they point to damage of the ducts and of their 
branches in an area of the breast, also increasing the risk 
of malignancy.

a b c d

Fig. 5.4 Density of masses screened: low density (a), isodense (b), high density (c), and fat density (d )

a b c d

Fig. 5.3 Margins of masses screened: circumscribed (a), obscured (b), indistinct (c), and spiculated (d )

L. Urban and C. Urban
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5.4.2.3  Architectural Distortion
Architectural distortion is defined when normal architecture 
of the breast is altered; however, there is no evident mass 
(Fig. 5.8). When there are no records of trauma or of surgery, 
distortion leads to a condition of highly suspicious of malig-
nancy or a radial scar; therefore, histological evaluation is 
recommended [6].

5.4.2.4  Asymmetries

 (a) Asymmetry: this is an area of tibroglandular-density 
tissue that is visible on only one mammographic pro-
jection. Most such findings represent summation arti-
facts, whereas those confirmed to be real lesions may 
represent one of the other types of asymmetry or a 
mass.

 (b) Global asymmetry: it generally represents an anatomic 
variation, which is identified during the comparison with 
the contralateral breast. It cannot be associated with the 
palpable mass, the architectural distortion area, masses, 
or microcalcifications.

 (c) Focal asymmetry: defined as a lesion that cannot fill the 
criteria of mass required, visualized in both incidences 
as similar shapes. It may represent a normal parenchyma 
island; however, many times it presents with non-spe-
cific characteristics, so it demands additional 
investigation.

 (d) Developing asymmetry: this is a focal asymmetry that is 
new or more conspicuous than on a previous examina-
tion. Approximately 15% of cases are found to be 
malignant.

5.4.2.5  Special Cases
Some alterations can be seen through mammography, and 
they are described as follows [6]:

 (a) Solitary dilated duct: this is a unilateral tubular structure 
that likely represents a dilated duct. Even if unassociated 
with other suspicious clinical or mammographic find-
ings, it has been reported to be associated with noncalci-
fied DCIS.

a b c

d e f

Fig. 5.5 Typically benign calcifications: “milk of calcium” (a); dystrophic (b), round and rodlike (c), gross tubular (d ), “popcorn” type (e), and 
vascular (f)

5 Breast Imaging in Oncoplastic and Reconstructive Breast Surgery
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 (b) Intramammary lymph node: usually smaller than 10 mm, 
they are fatty hilum and have a reniform shape. They can 
appear in any breast region, though they are mainly 
found in lateral quadrants.

 (c) Associated features: some findings may increase the sus-
picion of malignancy when identified together with the 
suspicion of a lesion, represented by skin retraction, 
nipple retraction, skin thickening, and axillary lymphad-
enomegaly, among others.

5.5  Ultrasound

US is a diagnostic method that aids in the characterization of 
alterations detected either in clinical or mammographic 
exams [27]. Besides allowing for differentiation of solid 
masses and cystic ones, it supplies additional data to charac-
terize lesions as benign or malignant; it also aids in the anal-
ysis of dense breasts through mammograms, and it guides 
percutaneous procedures.

5.5.1  Normal Ultrasound Findings

As in mammography, the ultrasonographic aspect of the 
breast also varies according to its composition. The mam-
mary echotexture results from the combination of the fibro-
glandular tissue (echogenic), fat (hypoechoic), and 
connective (ligaments of Cooper, echogenic). These echotex-
ture patterns may affect the sensitivity for lesion detection, 
therefore reducing sensitivity for solid mass detection in 
very liposubstituted breasts, or even simulate alterations in 
cases of heterogeneous breasts, which must be evaluated and 
differentiated in real time throughout the exam.

Three echotexture patterns are described according to 
BI-RADS® [6]:

 (a) Homogeneous background ecotexture—fat (Fig. 5.9a).
 (b) Homogeneous background ecotexture—fibroglandular 

(Fig. 5.9b).
 (c) Heterogeneous background ecotexture—fibroglandular 

elements, fat elements, connective, and ducts, inter-
spersed; a pattern of younger breasts with little liposub-
stitution (Fig. 5.9c).

a b

Fig. 5.7 Suspicious calcifications: fine pleomorphic (a) and fine linear (b)

a b

Fig. 5.6 Suspicious calcifications: amorphous (a) and coarse heterogeneous (b)

L. Urban and C. Urban
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5.5.2  Abnormal Ultrasound Findings

The evaluation of masses detected both through mammogra-
phy or through physical exams is the most frequent indica-
tion for US. Calcifications are poorly evaluated through this 

method, as their detection becomes more difficult and their 
morphological evaluation is not possible.

5.5.2.1  Masses
Masses must be detected and analyzed on more than one 
incidence to differ from normal anatomic structures. They 
are ecographically described according to shape, orientation, 
margins, echo pattern, and posterior features [6, 27].

The shape can be defined as round, oval, or irregular 
(Fig. 5.10). Interpretation of the exam concerning benignity 
and malignancy of the mass is similar to mammography, and 
irregular ones are the most suspicious.

Orientation is a particular aspect of US (Fig.  5.11). 
Masses that are parallel to the skin, that is, wider than higher, 
are generally benign. When the orientation is vertical, that is, 
higher than wider, it is more suggestive of malignancy, as it 
represents a growth through normal tissue plans.

Margins are described as circumscribed and not circum-
scribed: indistinct, spiculated, angular (projections forming 
acute angles), and microlobulated (various small lobulations 
of 1–2 mm) (Fig. 5.12). Except for the circumscribed margin, 
the various aspects are suggestive of malignancy. The spicu-
lated margins and/or microlobulated are the ones that present 
with the highest predictive value for malignancy [27, 28].

The echogenicity pattern aids primarily with the differ-
entiation between cystic mass (anechoic) and solid 
(hypoechoic, isoechoic, hyperechoic, heterogeneous, and 
complex cystic and solid), defined in relation to fat 
(Fig.  5.13). The homogeneously hyperechoic masses are 
considered of higher predictive value for benignity. Solid 
hypoechoic and isoechoic masses need other characteristics Fig. 5.8 Architectural distortion in mammography

a b c

Fig. 5.9  Echotexture patterns in ultrasound according to BI-RADS®: homogeneous, fat (a); homogeneous, fibroglandular (b); and heterogeneous (c)
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a b c

Fig. 5.10  Shape of masses screened through ultrasound: round (a), oval (b), and irregular (c)

a b

Fig. 5.11 Orientation of masses in ultrasound: parallel to the skin (a) and vertical to the skin (b)

for evaluation concerning malignancy. Complex masses 
have mixed echogenicity, with both anechoic and echogenic 
components [27].

The posterior acoustic phenomena result from attenua-
tion of the mass (Fig. 5.14), except for posterior peripheral 
shadow, which occurs as a result of an alteration of speed in 
the acoustic beam of the curved edges in either oval or round 
masses. These phenomena include acoustic reinforcement, 

that is, more echogenic posterior area, found mainly in 
cysts. Also, it has been observed an acoustic shadow, that is, 
a darker central posterior area, associated with calcifica-
tions, fibrosis, or neoplasia with high desmoplastic reaction. 
Some masses do not cause an alteration of the acoustic 
beam through the mass. These aspects are not reliable for 
the definition of benignity or malignancy, and they must be 
considered in correlation with other aspects [27, 28].
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5.5.2.2  Calcifications
US has very low sensitivity for the detection of calcifica-
tions, especially of microcalcifications. It also does not allow 
for their morphological analysis, which is an important piece 
of data to characterize malignancy. Among other factors, the 
low sensitivity results from heterogeneous breast echotex-
ture and from the small size of microcalcifications (less than 
0.5 mm), with no typical posterior acoustic shadow [6, 27].

5.5.2.3  Special Cases
Some alterations show characteristic findings [6]:

 (a) Clustered microcysts: defined as small anechoic clus-
tered images (less than 2–3 mm) with thin septations 
inside (less than 0.5 mm), with no solid component 

associated. This finding occurs mainly with fibrocystic 
alterations and in the apocrine metaplasia (Fig. 5.15a).

 (b) Complicated cysts: cysts that have thin echoes inside 
fluid level or even mobile debris, with no solid compo-
nent attached to the wall (Fig. 5.15b).

 (c) Skin masses: they are the so-called epidermal and seba-
ceous inclusion cysts, keloid, neurofibromas, and acces-
sory nipples. They are classified as benign lesions 
(category 2).

 (d) Foreign bodies: it may correspond to surgery marking 
clips, threads, catheter, silicon, metal, or glass from trauma. 
Clinical history is very important for differentiation. Free 
silicon in the parenchyma has a typical aspect of “snow-
storm,” that is, an echogenic area that causes a marked 
acoustic shadow, obscuring the deep structures (Fig. 5.15c).

a b c

Fig. 5.12 Margins of masses in ultrasound: circumscribed (a), indistinct (b), and spiculated (c)

a b c d

Fig. 5.13 Echogenicity patterns of masses in ultrasound: anechoic (a), hypoechoic (b), isoechoic (c), and hyperechoic (d )
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 (e) Intramammary lymph node: described as oval masses, 
circumscribed, with an echogenic center and hypoechoic 
periphery. They are located mainly in the upper quad-
rants and sides of the breast, and their size ranges from 
3 mm to 1 cm.

 (f) Axillary lymph node: the aspects are similar to those of 
the intramammary lymph nodes, and they can measure 
above 2 cm. When they are too big (above 4 cm) or with 

a hypoechoic center, they must be evaluated, so the pos-
sibility of a metastatic disease is not ignored.

5.5.2.4  Vascularity and Elasticity
This is an additional piece of data for the evaluation of 
masses or suspicion areas, though with limited value. The 
complete absence of vascularity is usually observed in cysts. 

a b c

Fig. 5.14 Acoustic phenomena of masses in ultrasound: acoustic reinforcement (a), no alteration of the acoustic beam (b), and acoustic 
shadow (c)

a b c

Fig. 5.15 Special cases observed through ultrasound: clustered microcysts (a), complicated cysts (b), and foreign body related to draining (c)
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A rather increased vascularity may be suggestive of neovas-
cularity, and it is usually observed not only inside the mass 
(internal vascularity) but also in the peripheral area of a 
lesion (vessels in rim). The elasticity is described as soft, 
intermediate, and hard [6].

5.6  Magnetic Resonance

MR is the most accurate method in the detection of breast 
cancer, and it is indicated in selected cases to increase the 
sensitivity that results from traditional methods (MG and 
US). The method holds the advantage of showing a three- 
dimensional view of the breast, with high sensitivity and no 
use of ionizing radiation. Among the disadvantages are the 
high cost of the procedure and its low specificity [29].

Analysis of MR must be made through images obtained 
from the dynamic technique during the endovenous injection 
of paramagnetic contrast (gadolinium), associated to 
enhancement kinetics. Following that, the images obtained 
with spatial high resolution for a detailed morphological 
evaluation of the lesion aim to detect characteristics of sug-
gestive malignancy. Interpretation of MR must consider the 
clinical history data (including physical exams—palpation 
of the masses, skin appearance, scars; surgical antecedents of 
those of biopsies; menstrual cycles; hormone therapy reposi-
tion; radiotherapy) and comparison with previous exams 
(MG and US—identification of areas with suggestive lesions, 
mainly microcalcifications, evaluation of temporal stability, 
or the appearance of new lesions, among others).

5.6.1  Normal Findings Through Magnetic 
Resonance

Breast anatomy is thoroughly demonstrated through MR, in 
which not only the parenchyma can be evaluated but also ves-
sels, lymph nodes (intramammary and those from axillary pro-
longations), the retromammary area, and the thoracic wall; these 
latter are difficult to access through other imaging methods.

Characterization and description of the parenchyma are 
made according to BI-RADS® criteria [6]:

 (a) Almost entirely fat.
 (b) Scattered fibroglandular tissue.
 (c) Heterogeneous fibroglandular tissue.
 (d) Extremely fibroglandular tissue.

Characterization of the background parenchymal 
enhancement according to BI-RADS® criteria [6]:

 (a) Minimal.
 (b) Mild.

 (c) Moderate.
 (d) Marked.

Contrary to what occurs in MG, dense breasts are not dif-
ficult to diagnose through MR, which minimizes the overlap-
ping effect of the parenchyma, and also through contrast, 
which makes lesions appear more evident. On the other 
hand, hormone variations cause an influence on the interpre-
tation of images, mainly considering enhancement and 
parenchyma edema. In premenopause breasts, parenchyma 
enhancement varies according to the menstrual cycle, so 
incidental points of enhancement (uniform, diffuse, or scat-
tered in some areas) are common and more evident on the 
first and the fourth weeks. Some of these points may present 
with quick and intense enhancement as in malignant lesions, 
being differentiated only when disappearing in subsequent 
exams, in a different phase of the menstrual cycle. The exam 
must be performed, preferably, on the second week of the 
cycle (between 7 and 14 days), when the number of points 
(foci) and speed of enhancement are the lowest when com-
pared with the other phases [30, 31].

In the postmenopause period, the use of combined (estro-
gen/progesterone) hormone reposition therapy (HRT) can 
revert the usual atrophy in the period and result in an aspect 
similar to premenopause and even appear to be a parenchyma 
edema and a regular edema. When there is any doubt of 
interpretation, it is recommendable that a reevaluation is 
made after suspending HRT for 6–8 weeks. In cases of ther-
apy with selective modulators of estrogen receptor (tamoxi-
fen), there is no hormone stimulation, which reduces 
vascularity and density of parenchyma. Enhancement foci in 
patients’ breasts using tamoxifen cannot be considered as 
usual ones, for their hormone activity is blocked. Pregnant 
patients and lactating ones may also experience an increase 
of breast density and of enhancement, due to an increase in 
vascularity.

Breast vascularity is important, and it defines a geo-
graphic pattern of normal parenchyma enhancement. There 
is a preferable enhancement in the external upper quadrant 
and in the inferior portion as well, as the center of the breast 
is the last one to enhance due to the existence of a different 
vascular supply. This geographic pattern of the normal 
parenchyma enhancement occurs symmetrically in both 
breasts.

The larger ducts that converge below the nipple and drain 
out each segment are about 2 mm in diameter. Dilated ducts 
with proteinaceous contents or with hemorrhagic debris can 
be seen in ponderated sequences in pre-contrast T1 with 
increased signal, and the post-contrast analysis can be done 
through images with subtraction to not obscure the area with 
enhancement.

Lymph nodes are easily detected and characterized 
through their reniform shape with fatty hilum (high signal in 
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ponderated sequences in pre-contrast T1, with no fat satura-
tion), besides having a strong enhancement after the use of 
EV contrast. The T2 ponderated images are also useful for 
characterizing lymph nodes, as they produce increased sig-
nal intensity when compared with the normal parenchyma.

Pectoralis muscles and the thoracic walls are considered 
anatomically distinctive, and the evaluation of isolated neo-
plasic involvement of one of these structures or of both of 
them influences on the staging and surgical treatment. Deep 
tumors may produce retraction of the pectoralis muscles or 
get too close and make an obliteration of fat planes but with 
neoplastic involvement; there is an irregular enhancement 
through contrast in damaged areas of the muscle. The tho-
racic wall is made up of the anterior serratus muscle, the 
intercostal, and ribs. Neoplasic involvement in these struc-
tures will also be highlighted as abnormal to MR.

5.6.2  Abnormal Findings Through Magnetic 
Resonance

MR is evaluated not only through morphological character-
ization of lesions but also through the type of enhancement 
by means of contrast and the dynamic characteristics, which 

may occur not only in three- dimensional lesions, such as 
masses, but in areas of the parenchyma. Microcalcifications 
are not demonstrated through MR, and they must be spotted 
in conventional mammograms for the correlation with mag-
netic resonance images and detection of suggestive enhance-
ment in the area.

The main visualized alterations to MR are described as 
follows, according to BI-RADS® [6]:

5.6.2.1  Focus
This is a tiny non-specific enhancement area (<5 mm), too 
small to be characterized. It does not necessarily represent 
a lesion that occupies some space, such as a mass 
(Fig. 5.16).

5.6.2.2  Masses
They are described as three-dimensional lesions that occupy 
some space. They can be morphologically evaluated (shape 
and margins) and also through their enhancement patterns 
(Fig. 5.17).

The shape may be round, oval, or irregular. As in the 
other methods, the round shape is the one most related with 
benignity, while the irregular one is related with 
malignancy.

a

b

Fig. 5.16 Foci: (a) MIP 
reconstruction showing 
isolated focus (arrow) in a 
patient with benign functional 
alteration; (b) MIP 
reconstruction showing 
moderate background 
parenchymal enhancement 
(previously called diffuse 
foci)
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a b c d

Fig. 5.17 Masses: (a) sagittal STIR showing a round mass with regu-
lar margins (arrow) (simple cyst); (b) sagittal FSE T1 post-contrast 
showing an oval mass with regular margins and hypocaptation septum 
(arrow) (fibroadenoma); (c) sagittal FSE T1 post-contrast showing 

irregular mass, with indistinct margins and heterogeneous enhancement 
(arrow) (invasive ductal carcinoma); and (d ) sagittal FSE T1 post- 
contrast showing irregular mass with spiculated margins and peripheral 
enhancement (arrow) (steatonecrosis)

The analysis of the margins depends on the space resolu-
tion of the images. The margin is described as circumscribed 
and not circumscribed (irregular and spiculated). Irregular 
margins and spiculated ones are the most suggestive of 
malignancy.

As an additional piece of data to the morphological analy-
sis, the characteristics of the internal enhancement contribute 
with the differentiation of benign masses from malignant 
ones. The enhancement pattern can be described as homoge-
neous (uniform and confluent—more suggestive of benignity) 
or heterogeneous (there are variable signal intensities inside 
the mass). The enhancement can also be described as rim 
enhancement and with dark internal septations. The heteroge-
neous aspect is the most suggestive of malignancy, mainly 
when it is peripheral, though septation enhancement and cen-
tral enhancement are also suggestive. Inflammatory cysts may 
have their own enhancement, but they are  hyperintense in the 
ponderated images in T2, due to their fluid content. Fat necro-
sis may also have a peripheral enhancement with a dark center, 
but it can be differentiated through the clinical record, through 
mammographic characteristics and through the signal in the 
sequences with fat saturation through MR. These two lesions 
are described as false-positive potentials in the analysis of 
lesions with peripheral enhancement, which is typical of 
malignancy. The  enhancement pattern with dark internal sep-
tations is highly suggestive of fibroadenoma, and it is an indi-
cator of benignity [32].

5.6.2.3  Non-mass-Like Enhancement
Non-mass-like enhancement describes an area of enhance-
ment that can neither be classified as mass nor as focus. This 
includes patterns that can extend over a region of varied sizes 
according to a specific distribution, and, except for the internal 

homogeneous pattern, there will always be areas of normal 
mammary tissue of fat interspersing the enhancement areas.

Considering distribution, it is described as focal (it gener-
ally takes less than 25% of the volume of a quadrant), linear 
(it follows the duct track toward the nipple, with ramifica-
tions, or it can seem like a plane in other incidences, and it 
does not follow the duct track), segmental (triangular region 
or in a cone, with apex to the nipple, which resembles a duct 
and its branches), regional (it encompasses a huge tissue vol-
ume, with a geographic aspect and with no relation to the 
distribution of one duct system), and multiple regions and dif-
fuse (equal all over the extension of the breast) (Fig. 5.18). 
Regional distribution patterns, in multiple regions and in a 
diffuse way, are the most suggestive of benign disease, such 
as the proliferative alterations, while the linear and the 
 segmental patterns are highly suggestive of malignancy (duc-
tal carcinoma).

Internal enhancement patterns can be described, as a whole, 
as homogeneous or heterogeneous. An additional description 
can be made when the aspect of the heterogeneous enhance-
ment is considered: clumped and clustered ring.

5.6.2.4  Associated Findings
The associated findings may increase suspicion of breast 
cancer, and they are considered important because some of 
them influence on the surgical treatment and on the staging. 
The associated findings include [6]:

 (a) Skin retraction or nipple retraction.
 (b) Skin thickening: focal or diffuse (normal thickness up to 

2 mm).
 (c) Skin invasion: there is an abnormal enhancement of the 

skin that is also thick in most cases.
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 (d) Edema: there is a trabecular thickening with or without 
associated skin thickening.

 (e) Lymphadenomegaly: enlarged and round lymph nodes 
with loss of fatty hilum signal; they are highly 
suggestive.

 (f) Pectoralis muscle or thoracic wall invasion: abnormal 
enhancement stretching to the pectoralis muscle with or 
without retraction, as well as to ribs and intercostal 
spaces.

 (g) Postoperative collections (hematoma/seroma): there is 
an increase of the signal in the ponderated sequence in 
pre-contrast T1.

 (h) Cyst: it is described as a well-circumscribed structure 
filled with fluid; it can be round or oval and with an 
imperceptible wall. In the ponderated margins in T1, the 
cysts appear with a hypointense signal to the adjacent 
tissue, except for cysts with protein content due to blood 
products. In pre-contrast sequences, only the inflamma-
tory cysts will present with peripheral enhancement.

5.6.3  Kinetic Curve

The kinetic curve is obtained from a dynamic sequence per-
formed when an endovenous injection is applied in a con-
trast environment (gadolinium) and it describes the 
enhancement characteristics of a specific region determined 
by ROI (region of interest). This region must be specially 
the one with the largest and fastest enhancement or the most 
suggestive area.

The physiopathological basis has not been properly eluci-
dated yet, but it is known that the intensity of enhancement 
depends not only on the increase of vascularity and the per-

meability of the vessels, commonly found in malignant 
lesions, but also on the interaction of the contrast with the 
lesion tissues.

Considering the enhancement pattern in dynamic series, 
two phases can be distinguished according to BI-RADS®: 
initial phase (the period between the injection and the second 
minute post-contrast) and the delayed phase (period that 
starts after 2 min from the contrast injection). Fischer [33] 
considers the initial phase to be the one up to the third minute 
after the endovenous contrast injection and the delayed phase 
to be the one between 3 and 8 min.

In the initial phase, signal intensity after contrast is quan-
titatively evaluated, and enhancement speed is classified as 
slow, medium, or rapid. Mainly in malignant lesions, the 
maximum intensity of enhancement tends to be reached in 
the initial phase. In a study, Kuhl et al. [34] evaluated 266 
lesions with mean enhancement to malignant lesions at 
104% ± 41 and for benign lesions at 72% ± 35, with sensitiv-
ity of 91% and low specificity at 37%. Low specificity was 
attributed to the fact that benign lesions can also have fast 
and intense enhancement.

The delayed phase is evaluated in a qualitative way 
through the morphology curve. Visual classification is made 
as follows:

 (a) Type 1 curve (persistent)—signal intensity increases 
throughout the dynamic series, and the highest point is 
obtained in the last post-contrast series (Fig.  5.19a). 
According to Fischer [33], signal intensity in the delayed 
phase increases at 10% above the initial rise by 3 min.

 (b) Type 2 curve (plateau)—signal intensity reaches a bal-
ance after the initial phase, and it does not vary signifi-
cantly in the subsequent phases (Fig.  5.19b). The 

a b c d e

Fig. 5.18 Non-mass-like enhancement: (a) sagittal FSE T1 post- 
contrast showing focal enhancement (arrow) (benign functional 
alteration); (b) sagittal FSE T1 post-contrast showing linear 
enhancement (arrow) (scar); (c) sagittal FSE T1 post-contrast showing 

linear enhancement (arrow) (intraductal carcinoma); (d ) sagittal FSE 
T1 post-contrast showing segmental enhancement (arrows) (invasive 
ductal carcinoma); (e) sagittal FSE T1 post-contrast showing regional 
enhancement (arrows) (benign functional alteration)
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Fig. 5.19  Types of kinetic curve within dynamic magnetic resonance evaluation: pattern type I (a), pattern type II (b), and pattern type III (c)
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maximum signal intensity is reached by 2 or 3 min. A 
variation of signal intensity by ±10% of the initial rise 
value at 3 min is acceptable [33].

 (c) Type 3 curve (washout)—signal intensity goes down 
right after it reaches its highest point, usually on the first 
or second post-contrast sequence (Fig. 5.19c). According 
to Fischer [33], the signal intensity on the late phase 
reduces by over 10% of the initial peak value by 3 min.

As a general rule, the big majority of benign lesions fol-
low a persistent curve pattern, and the malignant ones follow 
a washout pattern or a plateau one. The probability that each 
type of curve is associated with breast cancer was studied by 
Kuhl et al. [34], and the following results were found: type 3 
curve, 87%; type 2 curve, 64%; and type 1 curve, 6%. In the 
same study, it was demonstrated that the analysis of the 
curve aspect is more specific (83%) than the quantitative 
analysis of the signal intensity (37%), though both methods 
present with the same sensitivity (91%).

5.6.4  Current Clinical Applications 
of Magnetic Resonance

Clinical indications are still discussed in some aspects, with 
the best cost-benefit relation for patients with high risk to 
develop breast cancer or for those proven to have cancer. 
Among them we can highlight:

5.6.4.1  High-Risk Patients for Breast Cancer
Women considered high risk for developing breast cancer 
are those with documented mutations in genes BRCA1 and 
BRCA2, a marked family history (estimated risk over 20% 
according to the risk calculation models), personal history of 
breast cancer, previous biopsy showing lobular carcinoma in 
situ, or atypical ductal hyperplasia, besides previous thoracic 
radiation between 10 and 30 years of age (Fig. 5.20) [35].

The importance of mammographic tracking in this group 
is low, as most of the subjects will develop breast cancer dur-
ing their premenopause period, a stage when the mammary 
parenchyma is denser. Another limiting factor is the higher 
radiosensitivity in this group, as reported in some studies. 
Kriege et al. [36] compared the accuracy diagnosed through 
MG, US, and MR in 1904 patients of both genetic and family 
high risk, showing sensitivity figures of 33%, 60%, and 
100%, respectively. Other six multicentric studies have 
shown similar results [37–42]. The most recent one of them 
was published by Kuhl et al. [42], demonstrating sensitivity 
to cancer detection of 33% for MG, 37% for US, and 92% 
for MR in high-risk patients, with 98% specificity for all 
methods. No case of hidden carcinoma was found, as well as 
all tumors were below 1 cm (46% invasive carcinomas and 
53% carcinomas in situ).

Based on these pieces of data, in 2007 the American 
Cancer Society (ACS) published recommendations for the 
performance of MG and MR annually for all patients with 
confirmed mutation, first-grade patients with confirmed 
mutation, patients with risk to develop breast cancer above 
20%, and patients undergoing thoracic radiation for over 
10 years [43]. These recommendations have been recently 
confirmed in a publication of the ACR and the Society of 
Breast Imaging (SBI) [44].

5.6.4.2  Detection of Hidden Primary Tumor 
of Breast with Positive Axillary Lymph 
Node

The hidden tumor is defined in patients with axillary lymph 
node metastasis of breast cancer with no primary focus 
detected through conventional methods (MG and US), cor-
responding to less than 1% of all breast cancer cases [45, 
46]. Contrasted MR is highly sensitive for the detection of a 
hidden tumor, changing the conduct in relation to the treat-
ment of some patients, even to the point of considering a 
conservative treatment for some selected cases (Fig. 5.21).

For being a common entity, studies up to this moment 
have a small population, though with stimulating results on 
the capacity to detect primary lesions through MR.  The 
detection percentage was 75% and 86%, respectively, in the 
studies by Morris [47] and Orel [48], all of them with proven 
histological basis. The lesions appear predominantly as 
mass-like enhancement with morphology suggestive of 
malignancy and varied sizes between 5 and 30 mm. In spite 
of the highly predictive negative rate, in case of a negative 
MR, the possibility of a primary breast lesion cannot be 
completely excluded.

5.6.4.3  Preoperative Staging of Breast Cancer
The surgical planning depends on a careful preoperative 
evaluation of the extension of the disease (Fig. 5.22). MR is 
currently the most sensitive method to detect additional 
foci of a multifocal disease (detecting a range of 1–20%), 
multicentric (2–24%), and contralateral (3–24%) not shown 
by traditional methods (MG and US), besides allowing for 
an evaluation of the extension for the pectoralis muscle, the 
thoracic wall, and the papillary-areolar complex. The main 
point of discussion is whether to find out if these foci of 
neoplasia represent an increase in the extended life of the 
patients undergoing conservative surgery [49–51].

Fischer et al. [33] evaluated 463 patients with confirmed 
diagnosis of breast cancer observing multifocal lesions not 
detected through other methods in 8.9% of cases, multicen-
tric ones in 7.1%, and contralateral in 4.5%, which results in 
a change of attitude on therapy using MR in 19.6% of cases. 
Later, the same author [49] published another study evaluat-
ing the influence of preoperative MR on the local recurrence 
rate of breast cancer and found a reduction from 6.5 to 1.2% 
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a b

c

d e

Fig. 5.20  A 45-year-old patient, asymptomatic, with family history of 
two sisters having breast cancer. Mammography (a, b) and ultrasound 
did not show abnormalities. The patient underwent magnetic resonance 
(c) for tracking, which shows a suspicious enhancement area in the 

right breast (arrow). From ultrasound guided (d ) performed after the 
resonance, the irregular hypoechoic area was observed (arrows), 
undergoing percutaneous biopsy, and (e) diagnosed as having invasive 
ductal carcinoma
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among the group undergoing MR. He associated this fact 
with better diagnosis of the tumor extension and better 
staging.

On the other hand, another study, published by Turnbull 
et al. [52], did not show any difference in the percentage of 
reoperation between the group undergoing MR (19%) and 

the group that did not undergo it (19%). They also demon-
strated that MR contributed for a delay in the surgical pro-
cedure and an increase in the number of mastectomies. 
Therefore, multicentric studies are still not considered 
necessary to define specific groups that could benefit from 
routine preoperative staging through MR [53]. An attempt 

a b

c d

Fig. 5.21 A 55-year-old patient, with palpable lymph node in the right 
axillary region. Mammography (a, b) showed a dense lymph node in 
the axillary region. Ultrasound did not show suspicious findings in the 
breast. Magnetic resonance (c, d ) confirmed the lymph node enlarging 

in the axillary region (two arrows) and showed a small captating mass 
in the superolateral quadrant of the right breast (arrow), with kinetic 
curve type III, which was confirmed as invasive ductal carcinoma when 
surgery was performed
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to develop a systematization was recently published by 
EUSOMA Working Group recommending preoperative 
MR for some specific groups, such as patients with multi-
ple undetermined or suggestive lesions with clinical find-
ings that diverge from those findings from screening, with 
significant familial or genetic risk and with diagnosis of 
Paget disease or lobular histological subtype, besides those 
patients with indication of partial radiotherapy [54].

5.6.4.4  Response Evaluation to Neoadjuvant 
Chemotherapy Treatment

Neoadjuvant chemotherapy is performed on patients with an 
advanced stage of the disease, aiming to reduce tumor stag-
ing before treatment through surgery. Adequate monitoring 
of the effects of the preoperative therapy is relevant to evalu-
ate the efficacy of medication after the first cycles, which 
implies the continuation or change of chemotherapy scheme, 
besides aiding the surgical planning.

Though the response to neoadjuvant chemotherapy is 
done traditionally through clinical exam, MG and US, the 
use of MR for this monitoring has shown to be more effec-
tive than conventional methods (Fig. 5.23). MR helps dif-
ferentiate fibrosis induced by chemotherapy of the tumor 
itself, besides being useful for the evaluation of multicentric, 
multifocal, and contralateral disease [55].

Even with so many advantages, MR also has some limita-
tions for this group. Chemotherapy drugs reduce vascular-
ization and capillary permeability, besides producing 
fibrosis, necrosis, and tumor inflammation, which changes 
the enhancement parameters for this group. This is related 
with less accuracy in the evaluation of tumor volume, which 
may be under- or overestimated [55, 56].

Martincich et al. [57] showed that the integration between 
morphological and functional parameters can improve the 
precocious response to the neoadjuvant treatment (after the 
second cycle), with a good histopathological correlation. In 

a

d e

b c

Fig. 5.22 A 51-year-old patient, with mammary prosthesis, undergo-
ing mammography (a–c) which showed pleomorphic microcalcifica-
tions in the superolateral quadrant of the right breast, having the 
diagnosis of invasive intraductal carcinoma confirmed when biopsied. 

Magnetic resonance (d , e) for staging showed that the lesion extended 
to the papilla, besides having another invasive focus in the contralateral 
breast (arrow)
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this study an accuracy of 93% was obtained to predict the 
full pathological response, with reduction of the tumor vol-
ume and of the enhancement through contrast. Pickles et al. 
[55] evaluated 68 patients before and during the precocious 
phases as well as after chemotherapy, showing that quantify-
ing the dynamic parameters of enhancement and the change 
of tumor volume allow for a differentiation between respon-
sive and unresponsive patients.

5.6.4.5  Papillary Lesion with Pathological 
Discharge

The papillary flow can be a breast cancer manifestation. MG 
and US are the first exams to be performed, though many 
times they do not detect the lesion, due to difficulties to evalu-
ate the retroareolar region. Ductography also helps detect the 
lesion, though with limitations, mainly for the intermittent 
papillary flow. MR has appeared as a good choice of diagnosis 
in this group because it is able to detect small intraductal 
lesions, therefore giving aid to the surgical planning (Fig. 5.24).

Morrogh et al. [58] evaluated 376 patients with papillary 
discharge, out of which 306 had negative MG and US. This 

group then underwent ductogram and MR, and 46 tumors 
(15% of cases) were observed. Ductography did not detect six 
tumors (predictive positive value of 19% and negative of 63%), 
and MR did not detect one tumor (predictive positive value of 
56% and negative of 87%). The authors concluded that the duc-
togalactography presents with low predictive negative value so 
it may not exclude pathology and that MR can aid the surgical 
planning, though it does not exclude duct resection when there 
is suspicion of discharge. But Liberman et al. [58] concluded 
that MR can be a good alternative to galactography in cases of 
suspecting papillary discharge with negative MG and US, as it 
detected the focus in 100% of the evaluated patients. This way, 
concomitant evaluation with MG and MR is recommended for 
the patients with suspecting papillary discharge.

5.6.4.6  Postoperative Evaluation to Detect Local 
Recurrence

Recurrence occurs at an annual rate of 1–2%, and it is 
uncommon during the first 18 months after the treatment 
[59]. Evaluation through physical exam, MG, and US is 
 difficult due to postoperative and radiotherapy changes, such 

a b

c d

Fig. 5.23 A 36-year-old patient with edema and redness of the left 
breast. Resonance showed an extensive lesion in the left breast (a), with 
enhancement curves type III (b), besides skin thickening and axillary 

lymphadenomegaly. Patient underwent neoadjuvant chemotherapy and 
control after the third cycle (c); there was tumor regression with a small 
residual lesion (arrow) and enhancement curve type I (d )
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as surgical scar, architectural distortion, calcifications, 
increase in mammary density, and fat necrosis, which can 
mimic the appearance of a recurring neoplasia or even 
obscure it. MR has appeared to be a promising method for 

the evaluation of local recurrence, mainly in cases of difficult 
evaluation through conventional methods (Fig. 5.25).

Up until 18 months after the surgical and radiotherapy 
treatments, MR has limited value, as there is still secondary 
enhancement to induced inflammation by the treatment both 

a b

Fig. 5.24 A 43-year-old patient with family history of papillary brain 
stroke on the right. Mammography and ultrasound do not show abnor-
mality. Resonance showed a small dilated duct (a, arrow) with a linear 

enhancement area no interior (b, double arrow). The surgery confirmed 
the diagnosis of intraductal carcinoma

a b c

Fig. 5.25 A 63-year-old patient with history of 6-year quadrantectomy. Control mammogram (a) shows focal asymmetry of the scar topography. 
Resonance shows asymmetry (b) but with a fat area inside (c) confirming the diagnosis of postsurgical of steatonecrosis
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in the scar region and in the areas with normal tissue, due to 
radiotherapy. After this period, MR is able to detect tumor 
recurrence and differentiate from areas of secondary 
enhancement to the treatment. Benign sequels such as fat 
necrosis, seroma, and hematoma can be safely differentiated 
through MR, because of their signal characteristics [29, 60].

5.6.4.7  Evaluation of Inconclusive Findings 
Through Conventional Imaging Exams

MR shows morphological and enhancement details that 
allow for a better differentiation between benign and malig-
nant lesions, when biopsy is not viable and the evaluation 
through conventional imaging methods are inconclusive. 
The dynamic study helps differentiate a  well- circumscribed 
carcinoma that morphologically mimics a benign mass or a 
thick content cyst, as well as to characterize lobular neopla-
sia that mimics focal asymmetries, cases of palpable lesions 
that do not appear through the traditional methods, and cases 
of diabetic mastoplasty that simulate a carcinoma, among 

others. In cases of suspecting microcalcifications seen in 
MG, MR cannot be used to keep away the presence of neo-
plasia, so there is the need of a biopsy, due to limited sensi-
tivity in the evaluation of low- grade intraductal carcinomas 
(CDIS). But in cases of high- grade CDIS, MR presents 
higher sensitivity than MG. This was demonstrated by Kuhl 
et al. [61], who prospectively studied 7319 women. It was 
observed a sensitivity of 61% for MG and 80% for MR in the 
detection of low-grade CDIS, while for high-grade CDIS 
sensitivity was 52% for MG and 98% for MR.

5.6.4.8  Evaluation of Mammary Prosthesis
MR has been more constantly used to evaluate mammary 
prosthesis for aesthetic or reconstruction (after mastectomy 
or quadrantectomy). The aims of evaluation through MR of 
women with prosthesis range from checking implant disrup-
tion (Figs. 5.26 and 5.27) to neoplasia research (high- risk 
women or those with suspicion of alteration in clinical- 
imagiological exams) and to evaluation of extension of a 

a b c

d e f

Fig. 5.26 Signs of intracapsular rupture to magnetic resonance: (a) thin drops of fluid inside the prosthesis; (b) focal area of liquid subjacent to 
the capsule; (c) small leakage of silicon external to the capsule; (d ) “tear drop” sign; (e) “linguini” sign; (f) sign of “salad oil”
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confirmed neoplasia and research of recurring tumor in 
reconstructed breast after mastectomy. In patients with sili-
con injection in the parenchyma, in which conventional 
methods have their evaluation limited, MR has appeared to 
be highly efficient to differentiate siliconomas from carcino-
mas (Fig.  5.16). In a meta-analysis, Cher et  al. [62] con-
cluded that the use of MR to evaluate the integrity of the 
prosthesis has sensitivity of 78% and specificity of 91%, 
with predictive value ranging on the works discussed 
between 50% and 100% and negative predictive value of 
70% and 100%. Holmich et al. [63] compared the clinical 
diagnosis and the MR diagnosis of prosthesis rupture and 
concluded that the clinical exam focusing on the detection of 
rupture had little sensitivity and specificity, detecting less 
than 30% of rupture cases; only 50% of the implants consid-
ered clinically intact through MR were actually intact. 

Therefore, the FDA recommends the annual use of MR from 
the third year after surgery to detect silent ruptures [64].

5.7  Conclusions

The reduction of mortality from breast cancer is the result of 
decades of investments focused on early diagnosis and access 
to adequate treatment for the population. Early detection ben-
efits women with less mutilating surgeries, increases the poten-
tial for cure, reduces the ultimate costs of treatment, and 
maintains a significant range of the female population econom-
ically active. The importance of MG in the early detection of 
breast cancer has been confirmed through large population 
studies for more than four decades. Other diagnostic methods 
(US and MRI) have specific indications for breast cancer 

a b c

d e f

Fig. 5.27 Signs of extracapsular rupture to magnetic resonance: (a) 
focal area of silicon leakage external to the reaction capsule; (b) focal 
silicon area anterior to the pectoralis muscle; (c) laminar area of silicon 

leakage; (d ) intermediate silicon sign around all the reaction capsule; 
(e) extensive leakage silicon posterior to the capsule; (f) leakage and 
silicon for the parenchyma
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screening, such as US for patients with dense breasts and MRI 
for high-risk patients. On the other hand, in the evaluation of 
the symptomatic patient, all methods should be used until the 
diagnosis of benign or malignant disease, as well as percutane-
ous biopsy and presurgical localization techniques. However, 
despite all the efforts of the scientific community, breast cancer 
is still one of the most frequent tumors among women and one 
of the most deadly. As health professionals, we have an obliga-
tion to know and reinforce the importance of constant vigilance 
on this public health problem, which is breast cancer.
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Magnetic Resonance Imaging 
of the Breast in Surgical Planning
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6.1  Introduction

Magnetic resonance imaging (MRI) has changed the 
landscape of breast disease diagnosis and management, and 
it has been incorporated into treatment algorithms accord-
ing to evidence-based consensus guidelines [1–3]. In oncol-
ogy, the ability to biopsy a finding seen only on MRI has 
been a significant advancement in the field [4–7]. 
Preoperatively, MRI has the ability to detect breast disease 
occult on other imaging modalities as well as additional 
sites of disease within the ipsilateral or contralateral breast, 
assess treatment response to neoadjuvant chemotherapy, 
and guide preoperative needle localization. Breast MRI also 
has high sensitivity for the evaluation of residual disease 
post-lumpectomy with positive surgical margins and the 
evaluation of recurrent disease [8–12]. Other more contro-
versial and emerging uses for MRI in the preoperative set-
ting include axillary staging and aiding in the planning of 
reconstructive procedures.

This chapter gives an overview of the indications, uses, 
and controversies regarding the use of breast MRI in surgical 
planning.

6.2  Image Acquisition

Although image protocols for breast MRI may vary 
between institutions, certain minimal technical require-
ments have been proposed by the American College of 
Radiology (ACR), with the aim of detecting even small 
cancers by assessing lesion morphology and enhancement 
kinetics [3, 13].

The ACR practice parameters recommend the following 
minimum requirements for performing breast MRI [3]:

 1. Resolution, contrast, and field strength: A 1.5 T magnet 
has traditionally been considered the minimum technical 
requirement because of the relationship between field 
strength and resolution. The slice thickness should be 
3 mm or less, and the in-plane pixel resolution should be 
1 mm or less to minimize the problem of volume averag-
ing effects. Motion correction may be helpful in reducing 
artifacts encountered with image subtraction.

 2. Simultaneous bilateral imaging.
 3. Contrast: Gadolinium contrast should be administered as 

a bolus with a standard dose of 0.1 mmol/kg followed by 
a saline flush of at least 10 mL.

 4. Scan time: A pre-contrast scan should be obtained. 
Kinetic information should be reported, based on 
enhancement data determined at specified intervals sepa-
rated by 4  min or less. Imaging sites should have an 
adequate short temporal resolution for an accurate cap-
ture of lesion kinetics.

 5. Examinations should be performed with a dedicated bilat-
eral breast MRI coil.

The sequence of most value to provide a surgical roadmap 
is a high resolution (at least 1 mm in-plane resolution), fat- 
suppressed T1-weighted sequence that is acquired before 
and at least three points after the administration of intrave-
nous gadolinium. To properly assess enhancement kinetics, 
the first post-contrast image should be acquired within 
2  min of contrast administration. Subtraction images 
(involving computer post-processing where the signal from 
the pre- contrast scan is subtracted from each post-contrast 
image) are useful for the detection of enhancement which 
may be difficult to ascertain from post-contrast images 
alone because certain benign findings such as ductal mate-
rial and complicated cysts will have the same signal as con-
trast material. Fat generally has a high signal intensity, i.e., 
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it appears bright on standard T1-weighted sequences, and 
so does the gadolinium contrast material that is adminis-
tered; therefore, fat suppression is recommended for the 
pre- and post-contrast scan to increase the conspicuity of 
enhancing breast lesions  relative to the breast background 
tissue that can contain variable amounts of fat. High spatial 
resolution techniques allow for the morphologic analysis of 
lesions, and high temporal resolution (rapid image acquisi-
tion) is used for assessing enhancement profiles and mini-
mizing scan time. Enhancement kinetics of lesions seen on 
MRI may be obtained and analyzed to aid in the differentia-
tion and diagnosis of benign versus malignant findings. A 
dedicated breast coil must be used with MRI-guided needle 
localization or biopsy capability for MRI-only detected 
lesions. The standard protocol at Memorial Sloan Kettering 
Cancer Center (MSK) is to acquire three-dimensional iso-
tropic images in the axial plane, with cubic voxels of 1 mm, 
which allow sagittal and coronal reconstructions analogous 
to that done with computed tomography (CT). This has 
been made possible with the introduction of phased-array 
coils and parallel imaging, enabling simultaneous high tem-
poral and high spatial resolution imaging of both breasts 
[14, 15].

Other standard sequences in the breast MRI protocol 
include axial T1-weighted without fat suppression and fat- 
suppressed T2-weighted imaging [3, 13]. T1-weighted 
images are helpful in characterizing fat-containing lesions 
(fat will appear hyperintense, i.e., bright), architectural dis-
tortion, and post-biopsy/surgical changes. On fat-suppressed 
T2-weighted images, fluid in the breast will present with 
varying degrees of hyperintensity, i.e., brightness, depending 
on proteinaceous and hemorrhagic content, whereas fat will 
appear hypointense, i.e., dark, as compared with fibroglan-
dular tissue; therefore, benign lesions such as breast cysts 
(simple or hemorrhagic) can be easily identified, in addition 
to myxoid fibroadenomas and lymph nodes.

The radiologist’s interpretation of the breast MRI is based 
on reviewing all sequences together which improves sensi-
tivity and specificity, potentially avoiding an unnecessary 
workup or biopsy. If not all sequences are acquired, then the 
sensitivity and specificity can be impacted.

6.3  Oncologic Preoperative Planning

6.3.1  Background

Advances in surgical techniques and imaging modalities 
over the past 30–40 years have paved the way for breast con-
servation therapy (BCT), rather than mastectomy in most 
cases of breast cancer [1, 2].

Some of the earliest prospective randomized trials by 
investigators such as Veronesi and Fisher et  al. have 

clearly established that lumpectomy plus radiation therapy is 
just as effective as mastectomy for treating early-stage breast 
cancer, with the overall survival ranging from 38% to 71% in 
the lumpectomy plus radiation group as compared with 44% 
to 71% in the mastectomy group [16–22]. During these tri-
als, clinical examination and mammography were the main-
stay of treatment and follow-up. However, recurrence rates 
of up to 10% or greater in 10 years in patients who under-
went BCT followed by radiation and chemotherapy high-
lighted the likelihood that residual disease was still present 
within the breast [1, 2]. This may be due to the fact that the 
assessment of lesion size, presence of multifocality or multi-
centricity, and locoregional involvement of adjacent struc-
tures such as the pectoralis muscle and chest wall, which 
would change surgical management, was performed with 
mammography, which is suboptimal [1]. Although mam-
mography is beneficial in the overall screening of the aver-
age-risk population [23], it has limitations in certain subsets 
of patients, such as those with dense breasts [24]. More 
recent imaging modalities such as digital breast tomosynthe-
sis and contrast- enhanced spectral mammography (CESM) 
may be able to address these problems [25, 26], and several 
trials are underway comparing the efficacy of MRI as com-
pared with tomosynthesis and CESM.

MRI, however, has already been shown to have superior 
sensitivity for the evaluation of tumor burden in the breast 
[27–35]. If used appropriately, breast MRI has the poten-
tial to decrease positive margin and recurrence rates in 
patients with certain cancers who are otherwise candidates 
for BCT [1]. Breast MRI is increasingly used to define the 
extent of disease when a patient is newly diagnosed with 
breast cancer and to help guide management by specifi-
cally identifying those who need a mastectomy as first-line 
therapy based upon surgical guidelines for multicentric 
disease, thereby obviating the need for multiple surgeries 
[36]. Mammographically occult additional breast cancer 
detected on MRI is likely to be clinically relevant disease 
[37]. Moreover, MRI may help identify occult disease in 
the contralateral breast, changing surgical management and 
possibly treatment depending upon differences in immuno-
histochemical surrogates of breast cancer molecular sub-
types [38, 39].

6.3.2  Who Should Undergo Preoperative 
Breast MR Imaging?

The ACR Committee on Standards and Guidelines published 
guidelines for the indications and performance of breast 
MRI in 2004 and published a revision in 2013; the guidelines 
include the ACR’s recommendation of an annual screening 
MRI examination for certain high-risk women and has 
helped cement the importance of MRI in breast imaging [3]. 
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The ACR recommends the performance of diagnostic breast 
MRI for several indications including:

 1. For the evaluation of extent of disease of invasive carci-
noma and ductal carcinoma in situ (DCIS) in both 
 mastectomy and breast conservation candidates, includ-
ing locoregional involvement of adjacent structures

 2. For patients with a new breast malignancy for the detec-
tion of occult cancer in the contralateral breast

 3. For the evaluation of occult breast cancer in the setting of 
metastatic disease

 4. When other imaging modalities are inconclusive
 5. Post-lumpectomy with close or positive surgical margins
 6. Before and after neoadjuvant chemotherapy to evaluate 

treatment response
 7. For the evaluation of suspected imaging recurrence in the 

breast/chest wall or in the oncoplastic reconstruction 
including in tissue flaps and soft tissue superficial to 
the implant

Ideally, every woman with newly diagnosed breast cancer 
who has access to MR imaging should undergo MRI because 
it defines extent of disease more accurately then standard 
mammography and ultrasound as well as physical exam [1, 
3]. At this time, however, MRI should not replace diagnostic 
mammography and ultrasound. The following is a common 
discussion question requiring further investigation: if some-
thing is not seen on MRI, is it clinically relevant? At mini-
mum, we suggest pre-operative MRI for patients known to 
have high risk of recurrent disease such as young patients, 
patients with heterogeneous and extreme fibroglandular 
breast tissue breasts, and patients with a certain tumor histol-
ogy, the extent of which is known to be difficult to fully 
assess on mammography and ultrasound alone. These 
include invasive lobular carcinoma (ILC) [34, 40], DCIS 
[41], as well as tumors with extensive intraductal component 
(EIC) which may increase the recurrence rate [42, 43].

6.3.2.1  Evaluating Extent of Disease 
in the Ipsilateral Breast

Candidacy for Breast Conservation Therapy
Absolute contraindications to BCT, as determined by a 
joint committee of the American College of Surgeons, 
include persistent positive margins after reasonable surgi-
cal attempts, first or second trimester pregnancy, inability 
to undergo therapeutic irradiation, and clinical or mammo-
graphically detected multicentric cancer [3]. Tumor size is 
not an absolute contraindication to breast conservation 
treatment; however, a relative contraindication is the pres-
ence of a large tumor in a small breast in which an ade-
quate resection would result in significant cosmetic 
alteration [3].

Multiple clinical trials in the United States of America 
and Europe show that, on average, MRI can detect occult 
disease in the ipsilateral breast in approximately 15% of 
patients, with reported ranges of 12% to 27% [35, 37, 44–
46]. MRI converts a patient to mastectomy approximately 
15% of the time [37]. Those who are not in favor of MRI 
feel that this increased mastectomy rate is not war-
ranted; treatment is based on guidelines which have histori-
cally only involved mammography and ultrasound. 
Nevertheless, we suggest that treatment guidelines should 
be modified to consider MRI findings. All studies have 
shown that residual disease or positive surgical margins are 
associated with local recurrence [47, 48]. Furthermore, pre-
operative MRI can identify 5%–10% of patients harboring 
additional multicentric disease that could presumably cause 
a recurrence[1].

An example of how preoperative MRI has changed surgi-
cal management is a study done by Northwestern University 
in Chicago, Illinois, which included 155 women with newly 
diagnosed breast cancer [49]. MRI identified 124 additional 
lesions in 73 patients. Of the 155 patients, change in surgical 
management occurred in 36 (23%) of 155. Lumpectomy was 
converted to mastectomy in 10 (6%) of 155 women. In 8 
(80%) of the 10 women where lumpectomy was converted to 
mastectomy, this was beneficial to the patient. Two (20%) of 
the ten borderline lesions for BCT were converted to mastec-
tomy on the basis of MRI where MRI overestimated disease. 
Overall, MRI resulted in a beneficial change in surgical man-
agement in 10% of newly diagnosed breast cancers, with the 
authors concluding that the detection of additional ipsilateral 
and contralateral cancers justifies the role of preoperative 
breast MRI.

In contrast, two prospective randomized trials assessed 
the effect of MRI on short-term surgical outcomes [50, 51]. 
The re-operation rate, including both margin re-excision and 
conversion to mastectomy, was the primary endpoint in both 
studies. In the Comparative Effectiveness of MRI in Breast 
Cancer (COMICE) trial, 23.7% of patients in the MRI group 
were converted to mastectomy on the basis of MRI results, 
with no significant difference in re-operation rate seen 
between the MRI and no-MRI groups [50]. The mastectomy 
rate in the MRI group was 13.0% compared with 8.8% in the 
no-MRI group. Limitations of the COMICE trial included 
the lack of experience of some of the participating centers 
with MRI and that not all of the MRI detected lesions were 
biopsied. In the MR Mammography of Nonpalpable BrEast 
Tumors (MONET) study, the re-excision rate was 34% in the 
MRI group compared with 12% in the no-MRI group, but the 
number of conversions to mastectomy did not differ, result-
ing in an overall re-operation rate of 24 (45%) of 53 patients 
in the MRI group and 14 (28%) of 50 patients in the no-MRI 
group [51]. The MONET trial, with only 149 cancers, was 
likely underpowered, and the very high rate of re-excision in 
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the MRI group was not justified. Thus, neither the COMICE 
nor MONET studies showed that MRI significantly reduced 
reoperation rates.

Although the use of preoperative MRI has not as yet been 
proven to improve local control or overall survival [2], it is 
important to note that randomized control trials (RCTs) are 
not needed to justify the use of a new diagnostic test [52]. 
For example, RCTs have not been performed for diagnostic 
mammography although many trials have been performed 
assessing its use as a population-based screening tool [53].

MRI evaluation of breast carcinoma prior to surgical 
treatment has also been shown to be useful in both mastec-
tomy and breast conservation candidates to define the rela-
tionship of the tumor to the fascia and to determine its 
extension into pectoralis major, serratus anterior, and/or 
intercostal muscles [1, 54].

MRI determines the extent of disease more accurately 
than standard mammography and physical examination in 
many patients. However, it remains to be shown that this 
increased accuracy results in any reduction in recurrence 
rates following surgery, radiation, or systemic therapy.

Prevention of Positive Surgical Margins
The aim of breast conservation surgery is to obtain negative 
surgical margins, usually defined as the absence of invasive 
or DCIS at an inked surface; however, there are variations in 
this definition and what is deemed to be an acceptable mar-
gin [2, 3]. Patients who underwent breast-conserving surgery 
and radiation therapy with negative margins at excision have 
been consistently found to have lower rates of recurrence, 
whereas patients with positive margins had higher rates of 
recurrence [42, 55–57].

Re-excision due to positive margins is associated with 
increasing patient anxiety, surgical risk related to reopera-
tion, and increasing cost [1, 58]. Positive margin rates have 
been reported as high as 70%, although more conservative 
estimates report that 30%–50% of women undergoing breast 
conservation therapy may require additional surgery for pos-
itive margins. Too little or too much tissue may be removed 
when there is no information about how much residual dis-
ease exists. MRI can provide the surgeon with a roadmap 
defining the amount of residual disease if present. Of note, it 
is always preferred that a breast MRI be performed before 
any surgery to define the extent of disease because post- 
operative change can sometimes be difficult to differentiate 
from residual disease.

Certain tumor histologies have an increased rate of posi-
tive surgical margins and recurrence, including DCIS, ILC, 
and those with an extensive EIC.

DCIS
Ductal carcinoma in situ (DCIS) is a common non-invasive 
cancer [41, 59]. Early detection is crucial, as a large propor-
tion of DCIS progresses to invasive cancer. Since the intro-

duction of screening mammography, DCIS now accounts for 
15%–20% of all detected breast cancer and for 25%–56% of 
clinically occult cancers [1, 60]. The extent of DCIS involve-
ment is often underestimated with mammography, especially 
if the cancer is not associated with calcification [1, 41]. In 
addition, image-guided percutaneous biopsy underestimates 
the presence of invasion in over 20% of patients with preop-
eratively diagnosed DCIS without evidence of an invasive 
associated component (pure DCIS) [61].

Recent studies showed the importance of preoperative 
MRI in assessing DCIS extent, with published studies citing 
sensitivities ranging from 40% to 96% [60, 62–69]. MRI 
morphology and size features can help identify invasive dis-
ease preoperatively, which would impact treatment [47, 70].

On MRI, DCIS is often seen as a clumped non-mass 
enhancement in either a focal, linear, segmental, regional, or 
diffuse distribution. MRI can detect not only calcified but 
noncalcified DCIS. Criteria used to diagnose invasive breast 
cancer on MRI such as the presence of an enhancing mass 
with washout kinetics do not always apply to DCIS [71]. For 
example, 30% of DCIS in one series was reported to exhibit 
rapid wash-in and washout enhancement; 50% showed inter-
mediate (plateau) enhancement; 15% exhibited slow (pro-
gressive) enhancement; and 5% did not enhance at all [1]. 
Diagnostic criteria based on contrast enhancement kinetics 
are therefore not reliable to exclude DCIS; rather, if they are 
suspicious, they can be used to confirm the diagnosis. The 
accuracy of MRI for the detection of DCIS has improved 
with advances in MRI technology, specifically improved 
spatial resolution and use of multiparametric images. For 
example, combining MRI post-contrast images and DWI 
improves the accuracy of diagnosing in situ disease 
[72–74].

ILC
Invasive lobular carcinoma (ILC) accounts for 5%–20% of 
breast cancers and is the second most common histology 
[40, 75]. The main difference between IDC and ILC is 
their growth pattern, with ILC tending to grow more dif-
fusely, typically due to loss of E-cadherin [76]. The “clas-
sic type” lobular carcinoma consists of relatively small, 
uniform cells that grow in a loosely cohesive fashion, 
forming lines of cells infiltrating the healthy tissue. 
Targetoid growth, which describes formation of webs 
around healthy ducts, is often reported. Moreover, syn-
chronous and metachronous contralateral carcinomas are 
more often observed in ILC [77]. ILC also tends to be 
larger at detection than IDC [78, 79].

ILC presents a major diagnostic challenge [40]. The dif-
fuse growth pattern of ILC makes mammography and ultra-
sound unreliable at staging, thus causing high rates of tumor 
re-excision and leading to a common preference by both 
patients and surgeons to perform mastectomy [80]. On MRI, 
the morphologic appearance of ILC is variable with an 
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enhancing mass being the easiest to detect [81, 82]. In the 
absence of a mass, diffuse non-mass enhancement infiltrat-
ing between normal fibroglandular tissue may be visualized, 
with this growth pattern most likely explaining why ILC 
tends to be larger than IDC [79]. Variability in gadolinium 
uptake and morphology of ILC reflects the tumor histology. 
However, despite this, retrospective and prospective sensitiv-
ity of breast MR imaging for ILC is high, with sensitivity 
averaging approximately 93.3% and reaching as high as 
100% [34, 83–85].

EIC
Extensive intraductal component (EIC) is a histopathologic 
feature that appears to be associated with a high risk of 
breast cancer recurrence [86, 87]. First described by the 
Joint Center for Radiation Therapy, this entity is sometimes 
classified as DCIS occupying 25% or more of the area com-
prising the primary invasive tumor and DCIS in the sur-
rounding normal breast tissue. Approximately 20% of 
women with early-stage breast cancer undergoing breast 
conservative surgery and radiation for invasive ductal carci-
noma have an EIC. Several series have reported an increased 
risk of breast recurrence in women with EIC-positive 
tumors, ranging from 2% to 32% at 10 years, and this may 
be related to the presence of a significant residual tumor 
burden following gross excision [2]. However, a number of 
more recent studies have shown that negative resection 
margins diminish the risk of breast recurrence in EIC-
positive tumors [42, 43, 57]. Therefore, while the presence 
of an EIC is a pathologic indicator that disease in the breast 
may be more extensive than what is clinically appreciated, 
it does not appear to be an independent risk factor for local 
recurrence [2].

6.3.2.2  Examining the Contralateral Breast
The contralateral breast can be screened at time of MRI to 
define disease extent. The American College of Radiology 
Imaging Network (ACRIN) 6667 trial reported that MRI was 
able to detect a malignancy in the contralateral breast in 
3.1% of women who had been newly diagnosed with breast 
cancer [39, 88, 89]. Follow-up studies including a series at 
MSK also corroborated these findings, with detection rates 
for a contralateral malignancy ranging from 2.7% to 6.0% 
[39, 44, 45, 89, 90]. Knowledge of a contralateral breast 
malignancy changes surgical management [2] and would 
enable discussion of all treatment options at the very start 
based on the bilateral synchronous tumor molecular 
subtypes.

It has been argued that rates of contralateral cancer have 
been declining steadily since 1985, possibly due to the 
increased use of adjuvant systemic therapy, and that the low 
incidence rate makes it difficult to justify the routine use of 
MRI for contralateral cancer detection [91, 92]. However, we 
argue that ignoring the opposite breast and assuming that the 

adjuvant chemotherapy will treat unsuspected contralateral 
disease cannot make clinical sense as we expend so much 
energy, time, and resources to treat the known cancer [1]. 
The assumption also fails to take into account that breast 
cancer is a heterogeneous disease and treatment is becoming 
increasingly personalized based upon knowing probable 
molecular subtype through immunohistochemical 
surrogates.

6.3.2.3  Assessment of Postoperative Residual or 
Recurrent Disease

Breast MRI may be used in the evaluation of residual disease 
in patients whose pathology specimens demonstrate close or 
positive surgical margins for residual disease; this is recom-
mended by the ACR [3]. Moreover, suspected recurrent dis-
ease within lumpectomy sites and reconstructed breasts can 
also be assessed.

Residual Disease
Residual disease following lumpectomy is suspected when 
the initial attempt at surgical resection is incomplete and 
there are positive surgical margins [1]. Specimen radiogra-
phy is useful to determine lesion retrieval [93]. If the initial 
carcinoma contains calcification, then post-lumpectomy 
mammogram with magnification views can be performed to 
assess whether there are remaining residual suspicious calci-
fications [94]. If present, these can be localized under mam-
mographic guidance, which can then direct the surgeon to 
area of residual disease.

However, this is not possible if the original tumor does 
not contain calcifications. In addition, the ability to detect 
residual disease radiographically at the lumpectomy site is 
often limited as post-operative distortion and changes such 
as hematoma/seroma obscure the evaluation [1]. In these 
cases, the patient returns to the operating room and the sur-
geon excises the positive margins of the lumpectomy cavity. 
Breast MRI can offer important information regarding the 
presence of residual disease in these cases, particularly in 
young patients with dense breasts, cancers with EIC, certain 
breast cancer molecular subtypes like Her2 overexpressing, 
and ILC [95].

The role of MRI in the case of close or positive margins 
is to evaluate for the presence of bulky residual disease [1, 
96]. Residual microscopic disease at the surgical margin is 
not well evaluated with MRI as it cannot be differentiated 
from enhancing granulation tissue but will usually be suc-
cessfully re-excised from the seroma cavity, regardless of 
the imaging results. The major role of MRI is in the assess-
ment of measurable residual disease at the resection margin 
or distant from the lumpectomy site, and this information 
can guide surgical management. If re-excision with the goal 
of breast conservation is performed, pre-operative MRI nee-
dle localization can be used to facilitate complete 
resection.
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Recurrent Disease
In the breast, recurrence is thought to be due to either unde-
tected tumor that was not adequately treated at the time of 
detection of the index tumor or the de novo development of 
cancer [1, 96]. Recurrence may develop despite the presence 
of negative margins at the time of surgery and the adminis-
tration of neoadjuvant/adjuvant chemotherapy and radiation. 
As discussed, rates of recurrence vary and are increased in 
patients with positive margins, in young patients, and in 
tumors with an extensive intraductal component.

Residual disease and recurrence are related [1, 96]. 
Residual disease that is untreated may eventually manifest 
itself as a recurrence, either early (within the first 2 years) or 
late (following 2  years). Radiation therapy and/or chemo-
therapy treats a significant proportion of undiagnosed resid-
ual disease. The disease that is not treated presents as a 
recurrence. It is currently not known which cancer, if any, 
can be safely left behind in the breast to be effectively treated 
by radiation therapy and/or chemotherapy. Therefore, at this 
time, it is surgically necessary to remove all residual 
disease.

On average, local recurrence is reported in 6.2% of the 
mastectomy patients and 5.9% of the patients treated with 
BCT [22]. However, published literature that offers a long- 
term follow-up of patients BCT indicates that the cumulative 
local recurrence rate can be as high as 19% and beyond the 
often quoted 10% in 10 years in most published studies [97–
104]. In addition, although it was believed that local recur-
rences do not have an impact on overall survival, more recent 
studies demonstrate that local relapse does have an impact 
not only on disease-free survival but also on overall survival 
[97, 98, 101, 103, 104]. Therefore, avoiding recurrence or its 
early diagnosis is considered as important as the early diag-
nosis of the primary cancer. Since a more accurate local stag-
ing translates into improved local control and the evaluation 
of the post-operative breast can be limited on mammogram 
and ultrasound, MRI should be considered for evaluating 
local in breast recurrence.

6.3.2.4  Assessment of Residual and Recurrent 
Disease in the Reconstructed Breast

MRI has also been shown to be useful for the evaluation of 
residual or recurrent disease within reconstructed breast 
flaps [105, 106]. Various surgical methods, including modi-
fied radical mastectomy (MRM), simple mastectomy, skin- 
sparing mastectomy (SSM), and nipple areolar skin-sparing 
mastectomy (NASSM), can be performed with oncoplastic 
reconstruction [106–108]. For autologous tissue reconstruc-
tion after mastectomy or MRM, the transverse rectus abdom-
inis, latissimus dorsi, or gluteus maximus muscles can be 
used, with a transverse rectus abdominis myocutaneous 
(TRAM) flap being most common, followed by the latissi-
mus dorsi flap [105].

After mastectomy and breast reconstruction, the patient 
undergoes clinical surveillance for recurrence, and imaging 
(typically ultrasound) is only performed for diagnostic pur-
poses (e.g., palpable area of concern or peri-implant fluid 
collection). Several studies report a 2.0%–7.5% local recur-
rence rate after modified radical mastectomy followed by 
breast reconstruction [109–112]. However, the detection and 
determination of the extent of recurrence can be challenging. 
Numerous studies have evaluated the capabilities of MRI for 
the detection of recurrent malignant disease following breast- 
conserving surgery with and without adjuvant radiotherapy 
[113–123] and in patients undergoing breast reconstruction 
using silicone prostheses [124–126]. Fewer studies have 
investigated the role of MRI for diagnosing recurrence within 
an autologous tissue reconstruction (flap) after mastectomy 
[127]. These studies have outlined the strengths of MRI for 
this purpose [113]. Most studies have quantified MRI’s sen-
sitivity at 100% [118, 119, 128].

Understanding the surgical procedure is crucial in the 
interpretation of the MRI findings. For example, the contact 
zone between the flap and surrounding residual mammary 
adipose tissue can be visualized on T1-weighted images as a 
line of low signal intensity approximately 1 mm in width. 
The musculovascular pedicle of the flap can also be clearly 
visualized with MRI. Typically, the musculovascular pedi-
cles of the latissimus dorsi flaps can be followed laterally and 
those of the TRAM flaps, caudally.

The absence of contrast enhancement on MRI excludes 
recurrent carcinoma with a high degree of probability. Fat 
necrosis after breast-conserving surgery as well as flap 
reconstruction postmastectomy can sometimes be a diagnos-
tic challenge [113, 115]. The irregular enhancing areas in fat 
necrosis on MRI correspond to peripherally developing 
fibrosis and inflammatory cell infiltration, and the non- 
enhancing area of the central portion corresponds to necrotic 
fat. Since fat necrosis can occur in 10%–26% of cases after a 
TRAM flap procedure [129–131], MRI can be useful for dif-
ferentiating fat necrosis from recurrent disease if it demon-
strates a typical appearance. However, fat necrosis 
particularly in its earliest form can result in a false positive. 
In our practice, if the radiologist believes the finding is prob-
ably benign fat necrosis, a 6-month follow-up breast MRI is 
recommended.

Changes after radiation therapy can also sometimes be 
difficult to differentiate from recurrence disease. This 
includes the thickening of the skin, edema, and a concomi-
tant inflammatory reaction in the fibroglandular tissue, all of 
which demonstrate contrast enhancement particularly within 
the first 12 months post-operatively. These changes resolve 
over time, with the specificity of MRI increasing between 12 
and 18 months [116, 124].

Chest-wall recurrence occurs in 0.2%–1% of women who 
have undergone mastectomy per year [132]. Even though the 
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patient has undergone mastectomy, an MRI using the breast 
coil and the standard diagnostic breast protocol, which 
includes pre- and post-contrast imaging, can assist in surgi-
cal planning and determining the extent of disease including 
if there is rib or lung involvement.

6.3.2.5  Occult Primary Breast Cancer
Breast cancer that presents as axillary metastases with an 
occult primary tumor that cannot be detected by physical 
examination, mammography, or ultrasonography is seen in 
fewer than 1% of cases [133, 134]. Breast MRI is recom-
mended when there is an occult primary. The literature dem-
onstrates that breast MRI can locate the primary tumor in the 
breast in over 50% of women presenting with metastatic 
axillary adenopathy and an occult primary tumor [135–137]. 
The pooled sensitivity for the detection of cancer in a meta- 
analysis was 90% and the specificity was 31% [137]. The 
mean pathological size of the occult tumors ranged from 1 to 
50  mm, and 82% were infiltrating ductal cancers. Breast 
MRI can also define the disease extent to facilitate treatment 
planning.

The identification of the site of malignancy is important 
therapeutically particularly because of the importance in 
determining the index cancer’s molecular subtype to guide 
treatment [1, 32, 138]. Traditionally, patients undergo mas-
tectomy if the site of malignancy remains unknown after 
MRI; however, some patients may receive full breast radia-
tion with careful follow-up with MRI. Identification of the 
primary tumor allows the possibility of BCT and delivery of 
radiation to the primary tumor site, minimizing the risk of 
local recurrence and having obvious advantages compared 
with radiation of the intact breast without knowledge of 
tumor extent or characteristics.

6.3.2.6  When Other Reports Are Inconclusive
When mammography and ultrasound are inconclusive, MRI 
can be helpful in the assessment of the breast [96, 139]. MRI 
should not be used in place of an inadequate conventional 
workup. Usually, MRI is used in these situations to exclude 
the presence of disease. Caution should be exercised, how-
ever, as a negative MRI in this setting can be overly reassur-
ing and misleading particularly if the conventional workup 
has been assigned a BIRADS 0. If BIRADS 0 has been 
assigned to a mammographic and sonographic diagnostic 
workup where MRI is recommended for further evaluation, 
the radiologist should clearly state in the report what the rec-
ommendation is if the MRI is negative—specifically that a 
decision still needs to be rendered regarding the mammo-
graphic and sonographic findings [1, 96]. This is so the entire 
evaluation does not rest with the MRI results.

As discussed, information from the MRI may change the 
planned treatment management [1]. Caution should be exer-
cised in changing management based on MRI findings alone 

without initial biopsy confirmation. Additional biopsies and/
or correlation with other clinical and imaging information 
should be used together with clinical judgment. Moreover, 
inappropriate uses of breast MRI should not supplant careful 
problem-solving mammographic views or ultrasound in the 
diagnostic setting [3]. Because MRI will miss some cancers 
that mammography will detect, it should not be used as a 
substitute for screening mammograms. MRI should not be 
used in lieu of biopsy of a mammographically, clinically, 
and/or sonographically suspicious finding.

6.3.3  Axillary Staging

Axillary staging of newly diagnosed breast cancer is clini-
cally relevant; as a result, it is being evaluated [140]. Sentinel 
lymph node biopsy (SLNB) is the gold standard for axillary 
staging of patients with breast cancer who have a clinically 
and radiologically negative axilla [141–145]. Preoperative 
ultrasound with fine-needle aspiration (FNA) or core biopsy 
of morphologically abnormal lymph nodes can be performed 
to identify node-positive patients if it would alter treatment.

The importance of axillary staging in newly diagnosed 
T1-T2 breast cancers has been debated [4]. Several studies 
and trials argue that patients with a low axillary tumor bur-
den do not benefit from an axillary lymph node dissection 
(ALND) [146–148]. For example, in patients with nodal 
metastasis who underwent whole breast radiotherapy and 
systemic therapy, the ACOSOG Z0011 trial demonstrated 
that omission of ALND led to an extremely low rate of local 
recurrence and excellent overall survival. Additionally, the 
International Breast Cancer Study Group (IBCSG) trial 
23–01—a randomized, multicenter, phase III clinical trial 
comparing ALND with no ALND in patients with microme-
tastases alone in the SLN group—also demonstrated that an 
ALND can be omitted in patients with very low-volume 
metastatic nodal involvement [149].

Nevertheless, there is a need for more accurate imaging 
tools to diagnose and evaluate metastases in axillary lymph 
nodes particularly with the increasing use of neoadjuvant 
chemotherapy. Axillary MRI may prove to be an alternative 
to SLNB in determining axillary lymph node metastases. 
Several studies are underway to characterize abnormal 
lymph nodes, with a reported mean sensitivity and specific-
ity of MRI in detecting metastatic lymph nodes as high as 
90% [150]. For example, a study found that the presence and 
number of axillary lymph nodes with no fatty hilum on MRI 
significantly correlated with pathologic node positivity, 
while kinetics, node number, and node size did not correlate 
with these characteristics [151]. Another study compared the 
axillary lymph nodes on MRI to the actual pathological 
proven metastases as diagnosed from the surgical specimen 
and found that an MR short axis threshold of 4 mm yielded 
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the best predictive value for metastatic nodal involvement 
with a sensitivity and specificity of 78.6 and 62.3%, respec-
tively. Other factors that significantly correlated with meta-
static lymph node involvement were irregular contours 
(sensitivity 35.7% and specificity 96.7%), central nodal 
hyperintensity on inversion recovery T2-weighted images 
(sensitivity 57.1% and specificity 91.4%), and a cortical 
thickness of >3 mm (sensitivity 63.6% and specificity 83.2%) 
[152]. Gadolinium is the intravenous contrast used in breast 
MRI. Research into different contrast agents is being con-
ducted to determine if they can improve the accuracy of 
MRI.  In particular, data from studies using superparamag-
netic iron oxide (SPIO) indicate that these contrast agents 
have sensitivity and specificity for the detection of axillary 
involvement of 98% and 96%, respectively [153]. Combining 
radionuclide-based imaging techniques such as PET and 
single-photon emission computed tomography (SPECT) 
with MRI has also been under investigation for axillary stag-
ing [154].

6.4  Reconstructive Presurgical Planning

6.4.1  Identification of Perforators

Pre-operative anatomic imaging of vasculature is useful for 
the surgeon to devise a strategy before attempting a breast 
reconstruction procedure [155, 156]. Prior to the era of pre- 
operative perforator imaging, a surgeon had little knowledge 
of an individual patient’s vascular anatomy until well into 
surgery; thus, perforator selection was often a tedious and 
stressful process at the expense of operating time. The 
knowledge of location and anatomy of the underlying perfo-
rators can increase the predictability and improve intraopera-
tive decision-making to choose the appropriate technique in 
an individual patient [157, 158]. In addition, there is a high 
degree of anatomic variability among patients and between 
individual sides of the same patient [159, 160]. Pre-operative 
imaging can assist in the selection of appropriate donor sites, 
flap design, and in determining an individual’s unique 
anatomy.

Traditionally, handheld Doppler and color duplex ultraso-
nography were used to detect the location of perforators and 
flow characteristics [161, 162]. However, these techniques 
have been associated with significant interobserver variabil-
ity, and high false-positive rates, and can be limited by diffi-
culty in interpretation of findings, reproducibility, and patient 
body habitus [158, 163].

MR angiography (MRA) has been shown to accurately 
locate perforating vessel branches and shows vessel anatomy 
in a format that is easily viewed by a surgeon, providing a 3D 
road map [159, 164]. Ahn et al. first described the use of MRI 
for delineating perforators of the lower abdomen for TRAM 

flap selection without contrast [165]. The use of MRA in the 
examination of the deep internal epigastric artery perforator 
(DIEP) vascular anatomy is a relatively newer imaging 
modality and represents the next generation in preoperative 
DIEP planning [166]. MRA spatial resolution allows the 
visualization of 1 mm perforating vessels, permitting a better 
delineation of intramuscular course of perforators [156, 
167]. Disadvantages of MRA are contraindication to use 
with a cardiac pacemaker or claustrophobic patients, higher 
costs, longer acquisition times, and motion artifact. 
Continuing advances in MRA have decreased the procedure 
time for a single donor site to as little as 20 min but could 
extend up to 40 min for multiple donor site studies [168, 
169].

Currently, at our institution, CT angiogram is used to pre-
operatively assess the DIEP vascular anatomy.

6.4.2  Predicting Breast Volume and Outcome

Although tumor size is not an absolute contraindication to 
BCT, there is little published experience in treating patients 
with tumor sizes greater than 4–5 cm [2]. A relative contrain-
dication is the presence of a large tumor in a small breast in 
which an adequate resection would result in significant cos-
metic alteration. Therefore, tumor-to-breast volume ratio is a 
highly informative parameter when deciding on the type of 
surgery for a particular patient [170]. This ratio is usually 
subjectively assessed by the surgeon. Cosmetic results are 
reportedly worse when the volume of tissue excised is >70–
100 cm3. Other factors that affect cosmesis are breast size, 
how high the ratio is between the tissue excised and the 
breast volume, and the location of the tumor [171, 172].

Therefore, several studies are underway where breast 
MRI is used to derive the tumor-to-breast volume ratio using 
computer software. The first study to assess tumor-to-breast 
volume ratio as measured on MRI and to correlate it to the 
type of surgery selected for the patient (BCT vs mastectomy) 
found the ratio to be predictive of axillary lymph node metas-
tases [173]. MRI-derived breast tumor volume was also 
shown to be more predictive of recurrent-free survival than 
tumor diameter in patients undergoing neoadjuvant chemo-
therapy for breast cancer [10]. Further studies have also 
shown that 3D MRI as compared with mammography 
enables a more accurate quantitative assessment of the breast 
parenchymal volume [170, 174–177]. MRI-derived volume 
ratio measurements may reliably select the optimal type of 
surgery for the patient [170].

Subjective observation of the tumor-to-breast volume 
ratio may lead to the overestimation of this ratio and, subse-
quently, unnecessary mastectomies [170]. Highly accurate 
MRI measurements as derived with the aid of computer soft-
ware allowing quantification may spare mastectomies in 
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favor of BCT and aid in achieving better cosmetic results 
with safe margins.

6.5  Neoadjuvant Chemotherapy

6.5.1  Background

Neoadjuvant chemotherapy (NAC) is the administration of 
chemotherapy prior to the definitive breast cancer surgery 
[11, 96, 178]. It use has been expanded and can enable 
breast-conserving surgery and sentinel lymph node biopsy in 
women who traditionally require a mastectomy and full axil-
lary lymph node dissection. The primary goal of NAC is a 
pathologic complete response (pCR) defined as the absence 
of any residual cancer. As a biomarker, pCR serves as an 
intermediate endpoint for improved disease-free and overall 
survival. The National Comprehensive Cancer Network 
guidelines currently recommend a breast MRI pre- and post- 
NAC (MRI is often used to evaluate treatment response).

Assessing tumor response to NAC can be difficult clini-
cally and on mammography and ultrasound, often due to 
effects of fibrosis (a response to chemotherapy) and breast 
density [11, 96, 178]. Numerous studies have demonstrated 
that MRI has the highest diagnostic accuracy for pCR [8, 9]. 
Several studies have demonstrated that residual tumor mea-
surements on MRI correlate with the pathologic residual dis-
ease following NAC [10–12]. In addition, MRI is able to 
exploit the functional and biologic information about the 
tumor by assessing changes in tumor kinetics, which often 
occurs early in the tumors before volume alterations. 
Information from MRI pertaining to suboptimal response 
may lead to the use of alternative treatment regimens.

6.5.2  Response Assessment

Breast MRI has a reported sensitivity of 50%–100% for the 
assessment of response to NAC [179]. This high sensitivity 
is dependent on the ability of MRI to differentiate enhance-
ment related to residual tumor from normal background 
parenchymal enhancement of the fibroglandular tissue. 
Decreased enhancement of tumors in patients undergoing 
NAC usually occurs due to the antiangiogenic effects of 
cytotoxic treatment agent and may compromise the ability to 
visualize residual viable tumor.

6.5.3  Predictors of Pathologic Response 
on MRI

MRI may help identify breast cancer features that are predic-
tive of pCR post-NAC. When MRI is performed pre- and 

post-NAC, an objective tumor response can be assessed by 
applying Response Evaluation Criteria In Solid Tumors 
(RECIST) to the primary breast tumor [180], which include 
complete response, partial response, and progressive disease. 
Several studies have demonstrated that rates of complete 
response, partial response, or no response on MRI correlated 
well with response measurements from the standard clinical 
assessment [181–183].

Other studies have explored tumor characteristics on MRI 
early in treatment for their ability to predict the eventual 
overall clinical or histopathologic tumor response [184–
187]. These studies evaluated size and morphologic mea-
surements as well as functional parameters related to the 
pharmacokinetics of contrast uptake. For example, a study 
using RECIST criteria evaluated the early size reduction 
(ESR) of the breast cancer on MRI measured after the first 
cycle of treatment. ESR was found to correlate with response; 
patients who had a higher ESR were more likely to have a 
complete response [184]. Another study measured tumor 
volume and early contrast uptake in breast cancer patients 
receiving NAC and found that reductions in tumor volume 
and early contrast uptake after two cycles of treatment were 
associated with a major histopathologic response, defined as 
no residual viable cancer cells or only small clusters of dis-
persed residual cancer cells found on postoperative speci-
mens [185]. Another group applied MR spectroscopy to 
measure pharmacokinetic parameters, water apparent diffu-
sion coefficient, fat/water ratio, and water T2 before treat-
ment and after the second of six treatment cycles. 
Pharmacokinetic parameters and ADC did not detect an early 
response; however, fat/water ratio and water T2 measure-
ments did correlate with final tumor volume response [187].

Several other studies observed correlations between the 
initial morphologic patterns of breast tumors on MRI and 
their likelihood of response to treatment [188–190]. In one 
study, breast cancers were classified from 1 to 5 according to 
the degree of tumor containment, where 1 corresponded to 
unicentric tumors with well-defined boundaries, and 5 cor-
responded to a septal spreading pattern with ill-defined 
boundaries [189]. Morphologic pattern was found to be asso-
ciated with the tumor response, with 77% of type 1 tumors 
demonstrating a partial or complete response versus 25% of 
type 5 tumors. A higher rate of breast conservation was also 
associated with tumors of type 1 morphologic pattern.

The ACRIN Trial 6657 then tested parameters that showed 
significance in the pilot studies for predicting tumor response 
and recurrence-free survival [191]. The trial compared MRI 
findings with clinical assessment for the prediction of patho-
logic response to NAC in patients with stage II or III breast 
cancer greater than 3 cm. Women undergoing NAC with an 
anthracycline-based regimen, with or without a taxane, were 
enrolled. MRI parameters included measurements of tumor 
longest diameter, volume, and peak signal enhancement 
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ratio, and clinical tumor size and response category were 
also recorded at each time point. Clinical and MRI predictor 
variables were compared for their ability to predict pCR and 
residual cancer burden. In the 216 women included in the 
study, MRI size measurements were superior to that of the 
clinical examination at all time points, with tumor volume 
change showing the greatest relative benefit at the second 
MRI study. Additional predictive value was gained with 
adjustments for age and race. The authors concluded that 
MRI findings are a stronger predictor of pathologic response 
to NAC than clinical assessment, with the greatest advantage 
observed with using volumetric measurement of tumor 
response early in treatment.

These studies and others suggest a role for MRI in charac-
terizing the response of breast tumors to NAC in order to 
facilitate assessment of treatment efficacy [191]. This can be 
performed non-invasively and repeatedly to evaluate patients 
during treatment. Imaging techniques that quantitatively 
assess response, both morphologically and functionally, are 
being increasingly utilized in oncologic clinical trials to 
evaluate response to therapy and may help determine the 
most effective imaging methods and parameters for serial 
monitoring of patient treatment.

6.5.4  Assessment of Residual Disease After 
NAC with MRI

Many studies have specifically investigated the role of breast 
MRI as a diagnostic tool for evaluating the extent of residual 
disease after NAC [192, 193]. Similar to the assessment of 
disease extent, MRI has been shown to be superior to mam-
mography, ultrasound, and clinical examination in measur-
ing residual disease after NAC [10, 183, 193].

Despite the superior accuracy when compared with other 
modalities, MRI can over- or underestimate residual tumor 
extent. This may be influenced by tumor response, chemo-
therapeutic agent, or NAC-induced reactive changes within 
the tumor [194]. What has been consistently observed is that 
MRI is very accurate for mass-type lesions that show a clear 
tumor boundary and concentric shrinkage after therapy. In 
contrast, MRI is not accurate for cancers presenting with 
non-mass enhancement that are less confluent after chemo-
therapy, with residual disease presenting as scattered or clus-
tered cells, as seen in previously discussed entities such as 
DCIS and ILC [195–197]. MRI measurements correlate the 
best with histopathologic residual disease size compared 
with the other imaging modalities or clinical examination 
[181, 182, 198]. MRI has been reported by some to underes-
timate and others to overestimate residual disease extent in 
tumors with significant treatment response [199–202].

Molecular characteristics have also been shown to affect 
the accuracy of MRI in evaluating residual disease post-NAC 

[195–197, 203–207]. MRI is more accurate in triple-negative 
or ER-negative/HER2-positive cancers which are more 
aggressive and also more likely to achieve a pCR post-NAC 
[196]. MRI is less accurate in ER-positive/HER2-negative 
breast cancer [203, 205–207]. There are studies, however, 
that report after multivariate analysis that molecular subtype 
did not significantly influence the sensitivity, specificity, 
positive predictive value, or negative predictive value of MRI 
in predicting pCR [204]. Another factor that can affect accu-
racy is the spatial resolution (size of the image voxel analo-
gous to a pixel) of the MRI [196, 208] which is increased 
with MRI magnet strength. Studies have shown no differ-
ence in accuracy between 1.5 and 3.0 T [196, 208]. Studies 
with a dedicated 7 T MRI, which allows for a significantly 
higher spatial resolution, are now underway for the assess-
ment of accuracy post-NAC [209].

Current research is being performed to determine if per-
cutaneous MRI-guided biopsy can diagnose pCR in breast 
cancer patients who have had a complete imaging response. 
If this is possible, this would obviate the need for breast 
surgery. This novel method challenges the current clinical 
practice and may ultimately lead to a paradigm shift in 
treatment practices and the meaning of BCT.  In patients 
who show diffuse disease pre-operatively, some surgeons 
still lean toward mastectomy even in the setting of a com-
plete imaging response on MRI. Percutaneous diagnosis of 
pCR or minimal residual disease could potentially aid in 
determining the optimal surgical procedure [210]. The 
value of MRI in the NAC setting is an exciting and impor-
tant evolving field.

6.6  Limitations of Breast MRI

As with any diagnostic imaging modality, several limitations 
exist for breast MRI.  MRI is the most sensitive imaging 
modality and false positives lower its specificity [96]. False 
positives can be caused by high-risk lesions such as lobular 
carcinoma in situ (LCIS), atypical ductal hyperplasia (ADH), 
and atypical lobular hyperplasia (ALH), as well as benign 
masses such as fibroadenomas, papillomas, and lymph 
nodes. False positives can be caused by benign lesions 
including pseudoangiomatous stromal hyperplasia (PASH), 
fibrocystic changes, sclerosing adenosis, duct hyperplasia, 
and fibrosis. With improved experience, many of these 
lesions can be identified and confidently diagnosed as benign 
at time of interpretation. An examination of the literature 
demonstrates that the true positive biopsy rate of MRI- 
recommended biopsies approaches 45% [211]; however, 
these results are from large experienced centers. The biopsy 
rate and positive predictive value is similar to that generated 
by routine mammography and better than that generated by 
ultrasonography [35, 212, 213].
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False-negative examinations with MRI do occasionally 
occur and have been reported with some well-differentiated 
IDCs as well as invasive lobular carcinoma [214] as well as 
in DCIS and infiltrative ILC. Sensitivity is impacted by such 
factors as poor spatial resolution and lesions that do not dem-
onstrate avid enhancement. More recent evidence suggest 
that the sensitivity for DCIS detection may actually be higher 
than previously reported now that high resolution scanning 
techniques are available and patterns of DCIS on MRI are 
more recognized [66, 69].

6.7  Summary

Breast MRI has become an indispensable tool in breast can-
cer imaging. Indications have become clearer and better 
defined. Guidelines and recommendations are evolving, and 
the use of MRI is increasing as surgeons recognize the clini-
cal benefits of performing the most sensitive imaging study, 
which is the only true three-dimensional imaging study 
involved in the diagnostic workup of breast cancer before 
establishing the treatment plan. Increasing use of breast MRI 
may also provide further insight into tumor biology, micro-
environment, and outcome. Where available, breast MRI 
should be considered in all patients because it behooves 
everybody to know the disease extent as ultimately this 
knowledge may lead to a paradigm shift in the understanding 
and treatment of different breast cancers with different imag-
ing phenotypes. On the other hand, we are limited in what we 
can learn without this knowledge. Breast surgeons should 
rely on breast MRI in a similar fashion to surgical colleagues 
in other fields—as it is often the test of choice (and if it is 
not, another three-dimensional study is performed). 
Compared with other imaging modalities, MRI provides 
knowledge that the patients deserve to have to ensure the best 
individualized treatment plan.
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Breast Cancer Pathology

Hannah Y. Wen and Edi Brogi

7.1  Introduction

Pathologists play a pivotal role in the management of patients 
with breast diseases, particularly in the current era of multi-
disciplinary and personalized treatment. The pathologist 
establishes the diagnosis, assesses the extent of the disease 
and predictive and prognostic markers, evaluates the tumor 
response post-neoadjuvant systemic therapy, and also incor-
porates the latest advances in molecular testing into routine 
clinical practice. This chapter provides an overview of the 
approach used by pathologists to examine and sample breast 
tissue specimens and to interpret and report the microscopic 
findings including the assessment of margin status and evalu-
ation of the tumor biomarkers.

7.2  Diagnostic Procedures

The definitive diagnosis of a breast lesion is based on the 
histologic examination of a tissue specimen taken from the 
part of the breast that appears abnormal either at physical 
exam or in imaging studies. The histopathologic examina-
tion of a biopsy specimen aims to determine whether the area 
of concern is benign, atypical, or malignant. The diagnostic 
procedures include fine-needle aspiration biopsy, needle 
core biopsy, and excisional biopsy.

7.2.1  Fine-Needle Aspiration Biopsy

Fine-needle aspiration biopsy (FNA) is a minimally invasive, 
rapid, safe, and cost-effective diagnostic procedure. It is a 
minimally invasive procedure performed using a thin gauge 
needle and has a very low rate of complications. FNA yields 

a cell suspension that is smeared onto slides or concentrated 
into a thin layer or a cellblock. The experience of the cytopa-
thologist plays an important role in the diagnostic interpreta-
tion of cytology preparations. Limitations of breast FNA 
include a high rate of unsatisfactory sampling for small non-
palpable breast lesions and the inability to reliably diagnose 
invasive carcinoma and accurately assess biomarker status. 
Due to these limitations, the utilization of FNA in the pri-
mary diagnosis of breast lesions has declined in most coun-
tries. FNA is a reliable, safe, and cost-effective alternative to 
needle core biopsy (CBX) in the preoperative evaluation of 
axillary lymph nodes and in the diagnostic evaluation of pos-
sible chest wall recurrence or distant metastases. In the meta-
static setting, the assessment of breast cancer biomarkers by 
immunohistochemistry and/or florescence in situ hybridiza-
tion [1–4] on formalin-fixed cellblock material obtained by 
FNA provides reliable information. FNA cytology speci-
mens of good cellularity are usually suitable for the evalua-
tion of genomic alterations by targeted next-generation 
sequencing.

7.2.2  Needle Core Biopsy

Needle core biopsy (CBX) of a breast lesion is performed to 
sample indeterminate/suspicious calcifications, a mass with 
or without associated calcifications, an area of architectural 
distortion, or an area of mass or non-mass signal enhance-
ment on MRI.

If the CBX is performed to evaluate mammographic 
calcifications, a radiographic image of the needle cores 
documenting the presence of the calcifications should be 
submitted to the pathology laboratory together with the 
tissue specimen (Fig. 7.1). The pathologists reviewing the 
CBX slides correlate the number of foci and the extent 
and characteristics of the calcifications identified in the 
tissue sections with those of the calcifications visualized 
in the accompanying specimen radiograph. If the calcifi-
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cations identified in the slides do not account for the num-
ber of foci, extent and characteristics of the calcifications 
seen in the specimen radiograph, additional evaluation is 
required in the form of deeper level sections of the tissue 
blocks containing the calcifications. An X-ray examina-
tion of the tissue blocks is most useful to locate the calci-
fications within the tissue blocks (Fig.  7.2). In routine 
hematoxylin and eosin (H&E)-stained slides, the calcified 
deposits rich in calcium phosphate appear as dense blue to 
purple aggregates (Fig. 7.3). Calcium phosphate-rich cal-
cifications can be associated with benign, atypical, or 
malignant findings. Calcium oxalate crystals appear as 
translucent triangular or rectangular fragments (“broken 
glass”) and are birefringent under polarized light. Calcium 
oxalate deposits are usually located in the lumen of cysts, 
particularly apocrine cysts, and do not associate with 
malignant findings (Fig. 7.4). In the final diagnostic report 
of a CBX specimen that sampled an area of calcifications, 
the pathologist needs to comment on their presence and 
specify their association with benign, atypical, or malig-
nant findings.

Fig. 7.1 Breast stereotactic biopsy specimen radiograph

a bFig. 7.2 Examination of 
tissue blocks by X-ray to 
localize the foci of 
calcifications. The side view 
in panel (b) illustrates the 
depth of the calcifications in 
the block, which helps to 
determine the depth of 
sectioning of the tissue block 
and expedites the histologic 
identification of the 
calcifications
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Fig. 7.3 Calcifications 
(calcium phosphate). Calcium 
phosphate deposits are 
associated with columnar cell 
change with atypia identified 
in a core needle biopsy

Fig. 7.4 Calcifications 
(calcium oxalate). Calcium 
oxalate crystals appear as 
translucent “broken” glass. 
They are typically present in 
the lumen of apocrine cysts
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If a CBX was performed to evaluate a mass lesion, and the 
histologic findings do not account for the latter, further eval-
uation is required, either as repeat CBX or surgical excision 
of the mass lesion.

If invasive carcinoma is present in a core needle biopsy, 
the pathologist reports the histologic subtype and the grade 
of the invasive carcinoma. The size of the invasive carcinoma 
in the CBX material often underestimates the actual size of 
the invasive carcinoma, but it is useful in correlating the his-
topathologic findings with the clinical and/or radiologic 
characteristics of the lesion for optimal patient management. 
In particular, neoadjuvant chemotherapy is not indicated if 
the CBX specimen of a mass lesion yields only micro- or 
minimally invasive carcinoma in a background of mass- 
forming DCIS [5, 6].

The diagnosis of atypical ductal hyperplasia (ADH) on 
review of CBX material mandates surgical excision of the 
target lesion to further assess the extent of the atypical ductal 
proliferation. Flat epithelial atypia (FEA)/columnar cell 
change with atypia is an alteration of the terminal duct lobu-
lar unit. The glandular epithelium shows low-grade nuclear 
atypia but lacks a complex architecture. FEA may be found 
in stereotactic needle CBX specimens evaluating indetermi-
nate calcifications detected at mammography. The manage-
ment of patients with flat epithelial atypia (FEA)/columnar 
cell change with atypia in CBX material remains controver-
sial. Surgical excision of the target lesion is usually recom-
mended at most centers, but the reported rates of upgrade to 
carcinoma (invasive carcinoma and/or DCIS) at surgical 
excision vary greatly in different studies [7–23], and some 
investigators suggest that close radiologic follow-up might 
be an adequate management in some patients [19–25], espe-
cially if the CBX procedure has removed all mammographic 
calcifications [9, 17, 18, 24, 25].

Controversy also exists regarding the management of 
patients with radiologic-pathologic concordant CBX diagno-
sis of atypical lobular hyperplasia (ALH) and classical lobu-
lar carcinoma in situ (LCIS) not associated with other 
high-risk lesion. In a study of 72 consecutive patients who 
underwent surgical excision following a CBX diagnosis of 
LCIS or ALH with concordant radiologic-pathologic find-
ings, there were only 2 (3%) cases of carcinoma (invasive 
carcinoma or DCIS) [26]. Other investigators also reported 
1–4% upgrade rate in similar cases [27–30]. In contrast, the 
rate of upgrade to carcinoma at surgical excision of ALH/
classic LCIS in patients with discordant radiologic- 
pathologic findings ranges from 18 to 38% [26, 29]. If the 
needle CBX yields a morphologic variant of LCIS, namely, 
pleomorphic LCIS and LCIS with necrosis, surgical excision 
is recommended. Surgical excision of variant LCIS diag-
nosed at CBX yields (micro)invasive carcinoma in 25–53% 
of cases [31–34]. Given the frequent association of LCIS 
variants and (micro)invasive lobular carcinoma, the use of 

immunohistochemical stains for myoepithelial markers 
and cytokeratins (such as pancytokeratin and/or cytokeratin 
7) should be considered to rule out microinvasion in a CBX 
sample yielding a LCIS variant, as the (micro)invasive lobu-
lar carcinoma can be extremely subtle and/or mimic inflam-
matory cells.

If the histologic findings in the CBX material are benign 
and they are deemed concordant with the features of the 
imaging target, follow-up surgical excision is not required, 
with only few notable exceptions.

Microglandular adenosis (MGA) is an infiltrative prolif-
eration of benign-appearing monostratified glands devoid of 
myoepithelium [35–37]. It can present as a palpable mass, or 
a MRI-detected lesion, or is an incidental finding in a breast 
specimen targeting another lesion. Rare cases of MGA are 
reported in BRCA1 germline mutation carriers [38]. Even 
though MGA is an infiltrative glandular proliferation devoid 
of myoepithelium and can be extensive, it lacks cytologic 
atypia and is regarded as a “benign” lesion. MGA, however, 
often harbors foci of atypia and frequently is found in asso-
ciation with triple-negative invasive carcinoma. Recent evi-
dence suggests that MGA shares similar genetic alteration 
with MGA-associated triple-negative invasive carcinoma 
and should be regarded as a non-obligate morphologic pre-
cursor of the latter [39–41]. Surgical excision of an imaging 
target/lesion yielding MGA at CBX is mandated even in the 
absence of any cytologic atypia.

Surgical excision of the mass is usually recommended if 
the histologic findings in the CBX material show a fibroepi-
thelial lesion of uncertain classification, to rule out the pos-
sibility of a phyllodes tumor. Few retrospective series have 
evaluated morphologic parameters in CBX material of fibro-
epithelial lesions and correlated the findings with the diagno-
sis of phyllodes tumor in the follow-up surgical excision 
specimen, but no single morphologic feature or combination 
thereof was definitively predictive [42–49].

The need for surgical excision following CBX diagnosis 
of papilloma without atypia is also a  subject of debate. In 
contrast to historical data, few contemporary series have 
documented a low rate of upgrade at surgical excision of 
papilloma without atypia diagnosed at CBX if the radiologic 
and pathologic findings are concordant. A retrospective 
series evaluating 171 patients with radiologic-pathologic 
concordant CBX diagnosis of intraductal papilloma without 
atypia documented a 2.3% (4/171) rate of upgrade to carci-
noma (DCIS and/or invasive carcinoma) at subsequent surgi-
cal excision [50]. Other recent series also reported low rates 
of upgrade in cases with radiologic-pathologic concordance 
[51–55], but some  investigators still recommend excision 
based on upgrade rates of 6–14% [56–61]. Some recent ret-
rospective series reported a low rate of upgrade at surgical 
excision of radiologic-pathologic concordant lesions yield-
ing a CBX diagnosis of radial scar without epithelial atypia 
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[62–71]. When the information on  the upgrade rates at 
 excision of benign lesions diagnosed at CBX needs to be 
interpreted with caution. In particular, careful assessment  
of radiologic-pathologic concordance is required to decide 
whether surgical excision can be safely spared.

7.2.3  Excisional Biopsy

A diagnostic excisional biopsy is performed if the radiologic- 
pathologic findings at CBX are discordant or the mammo-
graphic calcifications are not amenable to stereotactic biopsy. 
The rate of radiologic-histologic discordance at percutane-
ous CBX ranges between 1% and 8% [72–78] and is depen-
dent on the characteristics of the radiologic target and the 
individual's experience. Radiologic-pathologic discordance 
at CBX mandates re-biopsy or surgical excision of the imag-
ing target. In this setting, the prevalence of carcinoma at re- 
biopsy/excisional biopsy ranges from 0 to 100% in different 
series, with average rate of 14% [78].

7.2.4  Intraoperative Frozen Section

The breast is rich in adipose tissue. Fatty  tissue does not 
freeze well at the  temperature that is best for cutting non- 
fatty tissue and therefore  is difficult to section. Incomplete 
sectioning or folding  can affect  the microscopic evalua-
tion of frozen tissue. Intraoperative evaluation by frozen sec-
tion technique thus finds limited applications in the primary 
diagnosis of breast lesions. In the context of nipple-sparing 
mastectomy, the nipple margin is often evaluated intraopera-
tively the nipple-areolar complex is removed  if carcinoma 
(invasive carcinoma and/or DCIS) is identified in the nipple 
margin specimen. Intraoperative evaluation of the margin 
status in patients undergoing breast-conserving surgery is 
performed at some centers, but its utility remains debated, 
particularly in light of the recent recommendations regarding 
margin assessment for DCIS [79] and invasive carcinoma 
[80] and the multidisciplinary approach to patient 
management.

Following the publication of the results of the ACOSOG 
Z0011 study [81], patients with T1-T2 invasive carcinoma 
and clinically negative axillary lymph nodes (ALNs) (cN0) 
who are managed with breast-conserving surgery (BCS) and 
whole-breast irradiation, undergo ALN dissection only if 
metastatic carcinoma is identified in at least three (sentinel) 
lymph nodes. In this context, intraoperative evaluation of the 
sentinel lymph nodes (SLNs) is not performed routinely. At 
most centers, intraoperative evaluation of the SLN(s) is usu-
ally performed in patients undergoing mastectomy and in 
cN0 patients who do not meet the ACOSOG Z0011 selection 
criteria. At many centers, intraoperative evaluation of SLN(s) 

is also obtained in patients undergoing definitive surgery 
(either BCS or mastectomy) after completion of neoadjuvant 
chemotherapy. In all cases, the prosection of SLN(s) follows 
the same standard protocol. Each SLN is sliced at 2 mm 
intervals parallel to its longest axis, and all the tissue slices 
are examined (see also paragraph on SLN evaluation). 
Frozen section, touch preparation, or smear cytology can be 
used for intraoperative evaluation with comparable results 
[82]. The identification of single cells and clusters of carci-
noma spanning less than 0.2 mm in greatest dimension or 
containing fewer than 200 cells in a single lymph node sec-
tion is classified as pN0(i+) [83, 84] and should not prompt 
ALN dissection in a patient who has not received neoadju-
vant systemic therapy. In the post-neoadjuvant therapy set-
ting, a similar amount of residual carcinoma in a lymph node 
is classified as ypN0(i+) [84], but constitutes evidence of 
residual metastatic disease, and should prompt ALN dissec-
tion or axillary radiotherapy.

7.3  Gross Examination and Handling 
of Surgical Specimens

7.3.1  Lumpectomy or Partial Mastectomy

In the past, presurgical localization of nonpalpable breast 
lesions involved placing a localizing wire near the target 
lesion under radiologic guidance. Recently, other techniques 
have been introduced to localize the lesion for surgical exci-
sion. Currently, I125 radioactive seed(s) localization (Fig. 7.5) 
has replaced needle wire(s) localization at many institutions, 
including ours [85–87]. Using appropriate imaging guid-
ance, the I125 radioactive seed is placed within the lesion to be 
surgically removed. Multiple seeds are used to localize mul-
tiple foci of lesions or bracket a large area of lesions such as 
extensive DCIS or calcifications. At the time of surgery, the 
surgeon uses an appropriate gamma probe to identify the 
radioactive seed at the nonpalpable surgical target, which is 
removed together with the lesion. An intraoperative X-ray 
evaluation of the surgical specimen is obtained to document 
removal of the radioactive seed (and of any marker clip 
placed at the time of the CBX). In rare cases, the radioactive 
seed may be lost or not removed at the time of surgery [85, 
88]. The breast specimen containing the radioactive seed is 
immediately delivered to the pathology department together 
with a copy of the specimen radiograph. Radioactive hazard 
tags on the specimen container and on the pathology requisi-
tion form specify the number of radioactive seeds (one or 
more) present in the specimen. The prosector first examines 
the specimen radiograph to verify the presence and number 
of the radioactive seed(s), as well as the shape and number of 
clips in the specimen. Radiographically, the radioactive seed 
appears as a 4× 0.8 mm radiopaque metal bar with slightly 
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translucent tips. The prosector uses a gamma probe to verify 
the presence and location of the radioactive seed(s) within 
the specimen, then inks the surface of the specimen (as per 
protocol) and slices the specimen, and identifies and removes 
the radioactive seed(s). The radioactive seed(s) is/are placed 
in a plastic bag labeled with a tag indicating the patient’s 
name and the part and number of the surgical specimen. The 
bag with the radioactive seed(s) is stored in a lead container, 
which is periodically disposed by the radiation safety per-
sonnel. The prosector always document retrieval of the 
radioactive seed(s) in the appropriate log to account for all 
the radioactive seeds received in the laboratory and docu-
ment chain of custody [88]. The radioactive seed has a sturdy 
outer shell of titanium, very resistant to injury. The I125 could 
become airborne if the outer shell is cut through, which may 
cause contamination of the work area and of the personnel 
handling the seed. This scenario is exceedingly rare, but it is 
important to be aware of this possibility, particularly when 
the tissue specimen is extensively calcified [89]. After 
removing and storing the radioactive seed(s), the prosector 
uses the gamma-counter to scan the tissue specimen and the 
work area to make sure that no radioactivity leaked from the 
seed [87].

The pathologist is responsible for margin assessment and 
evaluation. If the surgeon specifies the orientation of a breast 
specimen (usually by placing two sutures: short suture = supe-
rior aspect; long suture = lateral aspect), the prosector applies 

ink of different colors to the six surfaces (anterior, posterior, 
medial, lateral, inferior, and superior). This method is imper-
fect, as the shape of a breast specimen changes significantly 
after the tissue is removed from the patient, is significantly 
flattened if the specimen is X-rayed. The shape also var-
ies depending on the positioning of the tissue specimen on 
flat surface. No physical landmark separates two adjacent 
margins, and by default inking of the different margin sur-
faces with different colors cannot be absolutely accurate. 
Furthermore, mixing of inks of different colors can limit the 
definitive microscopic identification of a margin. An alterna-
tive method of margin assessment relies on the surgeon sub-
mitting each shaved margin as a separate specimen. In this 
scenario, the surgeon removes the breast lesion and can sub-
mit the specimen without orienting sutures; the main lumpec-
tomy specimen can be inked uniformly with ink of one color 
(usually black ink). After removing the lesion in the main 
specimen, the surgeon resects each margin from the wall of 
the lumpectomy cavity and submits it with its specific and 
unequivocal designation. The surgeon places a stitch or a clip 
on the surface representing the final margin, and the latter is 
inked with one color. The margin specimen is serially sec-
tioned and submitted entirely (or representatively sampled 
according to a protocol that needs to be validated in each 
laboratory), so that each section shows a portion of the final 
inked margin surface. The prosector needs to be aware of the 
patient’s relevant clinical history, including prior breast nee-
dle core biopsy procedures and the corresponding diagnoses; 
the prosector also needs to review the specimen radiograph. 
The prosector sections the lumpectomy specimen into at 
3–4-mm-thick slices and assesses the presence of abnormal 
areas by gross inspection, palpation, and correlation with the 
specimen radiograph. The prosector records the size, shape, 
color, consistency, and texture of any grossly evident lesion 
and its relationship with the needle core biopsy site(s), 
marker clip(s), and radioactive seed(s) present in the speci-
men. If more than one lesion is present in the specimen, the 
prosector records the characteristics of each lesion separately 
and documents their spatial relationships. All grossly identi-
fied lesions are submitted for histologic evaluation, either 
entirely or representatively; the breast tissue located in 
between the lesions is also sampled.

The largest span of a tissue piece that can be placed in a 
standard histology cassette and onto a standard glass slide is 
about 2.0–2.5 cm. Most tumors measuring up to 2.0–2.5 cm 
in greatest dimension are entirely and sequentially submitted 
for histologic evaluation, and the tissue section spanning 
across the largest diameter of the tumor is used to measure 
the size of the invasive carcinoma microscopically (Fig. 7.6). 
If the tumor is larger than 2.5 cm, a complete cross section 
through its largest diameter is blocked out and submitted in 

Fig. 7.5 Lumpectomy specimen with radioactive seed. The specimen 
radiograph of a lumpectomy specimen shows a radioactive seed (linear 
opacity) adjacent to a ribbon-shaped biopsy clip
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two or more tissue blocks (Fig. 7.7), and this information is 
documented in the gross description of the case. In particu-
lar, the adjacent cut surfaces are painted with ink of the same 
color to facilitate piecing together the tumor at the time of 
microscopic examination, so that the tumor size can be veri-
fied (Fig.  7.7b). Representative sections of grossly unre-
markable breast tissue are also submitted for histologic 
examination. Tissue specimens up to 5 cm in greatest dimen-
sion are usually submitted entirely. If a specimen is larger 
than 5 cm, at least one section per centimeter of the tumor is 
submitted and representative sections of the surrounding 
grossly unremarkable breast tissue are also submitted. More 
extensive specimen sampling is indicated following a core 
needle biopsy diagnosis of DCIS to exclude the possibility of 
stromal invasion, and in some cases the entire specimen may 
be submitted.

If no grossly evident lesion is identified macroscopically 
(i.e., excision of non-mass forming DCIS), the entire speci-
men should be submitted in sequential order. If the specimen 
is too large for complete histologic evaluation, the entire 
biopsy site and surrounding tissue (about 2- to 3-cm-wide 
radius) need to be evaluated, with extensive sampling of the 
surrounding breast tissue. Review of the specimen radiograph 
and/or radiologic findings, such as the extent of mammo-
graphic calcifications, is necessary to identify the lesion and to 
determine the extent of the lesion. At the time of prosection, 
the number of tissue slices across the largest dimension of the 
specimen is recorded. If the specimen is not submitted entirely, 
the gross description of the case should specify the tissue slice 
from which each tissue block was submitted. The pathologist 
correlates the microscopic findings with the gross description 
of the case and estimates the extent of disease by multiplying 
the number of tissue slices with microscopic evidence of 
tumor by the thickness of the tissue slices.

When cavity shave margins are excised, each margin 
specimen is a flattened piece of tissue with one side marked 
with a suture or clip as the new margin. The tissue surface 
designated as the final margin is inked, and the specimen is 
sectioned with cuts perpendicular to the inked margin sur-
face. Each margin specimen is submitted entirely. If a margin 
specimen is large and its complete evaluation would require 
submitting numerous tissue blocks, each laboratory should 
work out a reasonable algorithm for optimal sampling of the 
tissue. If carcinoma or atypia is present in the representative 
sections, and a large margin specimen was only representa-
tively submitted, all of the remaining tissue, or at least all the 
inked tissue surface, should be evaluated histologically for 
the definitive assessment of the margin status. If carcinoma 
is present, the distance of invasive and /or in situ carcinoma 
to the closest inked margin is reported.

Fig. 7.6 Prosection of a specimen containing a small tumor. A com-
plete cross section of a small tumor and adjacent tissue can be submit-
ted in one tissue cassette, and it can be entirely visualized in the 
corresponding tissue section

a b

Fig. 7.7 Prosection of a specimen containing a large tumor. Tissue slice 
encompassing the largest diameter of a tumor which cannot be accom-
modated entirely in a single cassette (a). The slice of tissue shown in (a) 
is blocked out into smaller pieces that are then submitted in multiple cas-

settes. Matching colored ink is applied to the paired cutting edges of the 
adjacent tissue pieces so that the cut surfaces can be accurately matched 
when the slides are reviewed microscopically, to ensure appropriate reas-
sembly of the tumor and its accurate microscopic measurement (b)
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If cavity shave margins are not resected, the surgeon usu-
ally designates the superior margin of an oriented lumpec-
tomy with a short suture or one clip and the lateral margin 
with a long suture or two clips. The specimen is inked in the 
pathology laboratory with six colors to designate the six 
margins (Fig.  7.8). Alternative techniques for inking the 
specimen using fewer colored inks exist, but they tend to be 
more cumbersome and possibly more prone to misinterpreta-
tions. Once the specimen has been inked, it is serially sec-
tioned, examined, and sampled akin to an excision specimen 
received with no orienting marks. If feasible, a section of the 
lesion with the adjacent closest inked margin is submitted 
(Fig. 7.8b). If the specimen is large (>5 cm), any gross lesion 
and/or mass is entirely or representatively submitted. The 
margins are also sampled, with more extensive sampling of 
the surface(s) closest to the lesion(s).

Studies have shown that the re-excision rate is significantly 
reduced if the surgeons submit additional margin specimens 
taken all around the lumpectomy cavity [90–93] rather than 
simply excising the lesion in one lumpectomy specimen. In a 
prospective randomized controlled trial involving 235 patients 
with stage 0–III breast cancer treated with BCS, patients in the 
additional shave margin group had significantly lower rate of 
positive margin than those in the no shave margin group (19% 
vs 34%, respectively; p = 0.01) and significantly lower rate of 
second surgery for margin clearance (10% vs 21%, p = 0.02) 
[92]. There was no significant difference in the rate of compli-
cations and in patients’ perception of cosmetic outcomes 
between the two groups [92].

According to the guidelines issued by the Society of 
Surgical Oncology and American Society for Radiation 
Oncology [80], a “positive margin” is defined as “ink on 
tumor.” Conversely, “no ink on tumor” constitutes adequate 
margin in patients with stage I–II invasive breast carcinoma 
treated with BCS and whole-breast irradiation. Even though 
obtaining a wider margin clearance is not required routinely, 

it may be appropriate in cases with extensive intraductal 
component (EIC), with multiple close margins, or in younger 
patients [80]. DCIS should be excised with at least 2-mm- 
wide margin [79]. The aforementioned guidelines notwith-
standing [79, 80], pathologists report margin status as 
recommended by the College of American Pathologists: a 
margin should be reported as positive when there is ink 
touching invasive cancer or DCIS, and the location (superior, 
inferior, medial, lateral, inferior, superior, anterior, and pos-
terior) of the positive margin should be specified. If no tumor 
is present at ink (“negative” margin, from a surgical point of 
view), the actual distance of invasive cancer and/or DCIS to 
the closest margin(s) needs nonetheless to be specified [94].

7.3.2  Mastectomy (Total, Modified Radical, 
and Nipple-Sparing)

The gross examination of mastectomy specimen requires 
knowledge of the clinical indications that led to mastectomy, 
including information on any prior breast needle core biopsy 
or surgery, the number and location of the lesion(s) present, 
and if the patient has received neoadjuvant treatment for 
breast carcinoma or carries a germline mutation associated 
with high risk of breast carcinoma. A mastectomy specimen 
is received oriented, with a suture designating the axillary 
tail. At our institution, the surgeon also places a suture at the 
12 o’clock position. The nipple and areola are present on the 
anterior aspect of total, simple, and modified radical mastec-
tomy specimens. The deep margin of the mastectomy is 
inked. In our laboratory, we also paint the anterior surface of 
a mastectomy specimen. We apply blue ink on the anterior- 
superior surface of the specimen and green ink on the 
anterior- inferior surface (Fig. 7.9). The nipple is shaved off, 
perpendicularly sectioned, and entirely submitted. A section 
of the nipple base is submitted en face. The specimen is then 

a b

Fig. 7.8  Prosection of an oriented lumpectomy specimen. (a) The specimen is differentially inked in six colors to designate the six margins. (b) 
A cross section of the specimen shows the lesion with the adjacent inked margins
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serially sectioned with sagittal cuts from the posterior aspect 
of the specimen at approximately 0.5 cm intervals (Fig. 7.9b). 
The prosector examines each tissue slice and describes any 
grossly evident lesion(s), recording its size, border, firmness 
and consistency, and its location within the breast (quadrant 
and/or o’clock axis), the distance from the nipple, skin, and 
the deep margin. If more than one lesion is identified, the 
distance between the lesions is also recorded. All lesions are 
sampled, and sections of the lesion(s) in relation to the clos-
est inked margin are submitted. A section of the deep margin 
is submitted. If the tumor mass approaches the deep margin 
or the anterior surface of the specimen, sections of the afore-
mentioned areas are submitted for histologic evaluation. Two 
representative sections are submitted from each quadrant of 
the breast that shows no obvious abnormality. A modified 
radical mastectomy has an attached portion of axillary soft 
tissue with level I and II lymph nodes. Sometimes the soft 
tissue specimen containing the axillary lymph nodes is not 
attached to the mastectomy, but it is submitted to the pathol-
ogy department in a separate container. All lymph nodes are 
dissected, thinly sliced at 2 mm intervals, and entirely sub-
mitted. The total number of lymph nodes, and the presence 
of matted lymph nodes, and the size of the largest lymph 
node are recorded. In all mastectomy specimens, the axillary 
tail is always examined to rule out the presence of lymph 
nodes. If any lymph node is identified, it is sliced at 2 mm 
interval and entirely submitted for histologic evaluation.

The surgeon designates the nipple margin of a nipple- 
sparing mastectomy specimen with a suture. The prosector 
identifies this area, applies ink, and submits the tissue for 
histologic evaluation with a clear designation in the gross 
description of the case, so that the nipple margin can be 
appropriately identified and reported.

A risk-reducing (so called “prophylactic”) mastectomy is 
usually a simple or nipple-sparing mastectomy. It is performed 
in women who are at high risk of developing breast cancer, 
including women with documented BRCA1 or BRCA2 germ-
line mutation, women with strong family history of breast can-
cer, or women with personal history of contralateral breast 
cancer. By definition, a risk-reducing mastectomy specimen 
contains no carcinoma, although occasionally microscopic 
examination may identify small foci of DCIS and/or invasive 
carcinoma. The breast is thinly sectioned and carefully exam-
ined. If the patient has no personal history of DCIS and/or 
invasive carcinoma, we sample any grossly evident lesion(s) 
and submit four representative tissue sections from each breast 
quadrant. If the patient had risk-reducing mastectomy for con-
tralateral carcinoma, we sample any grossly evident lesion(s) 
and submit only two sections per quadrant. We do not rou-
tinely submit sections from the deep margin and the nipple/
areola and skin, but if microscopic evidence of DCIS and/or 
invasive carcinoma is identified in the slides of a risk-reducing 
mastectomy specimen, the latter is retrieved, and sections of 
the nipple and deep margins are submitted for complete histo-
logic evaluation.

7.3.3  Breast-Conserving Surgery or 
Mastectomy After Neoadjuvant 
Chemotherapy

Pathologic complete response (pCR) has been used as an 
endpoint for neoadjuvant trials, but there are different defini-
tions of pCR.  The FDA currently regards the absence of 
residual invasive carcinoma in the breast and of residual dis-
ease in the axillary lymph node(s) as pCR and regards it as 
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Fig. 7.9  Prosection of a mastectomy specimen. (a) The mastectomy 
specimen is received with a long stitch designating the axillary 
aspect and a short stitch designating the 12 o’clock aspect (not 
shown). The deep margin of the mastectomy is inked (not shown). 
At our institution, the anterior surface of a mastectomy specimen is 

also inked (anterior- superior =  blue ink; anterior-inferior =  green 
ink). We also ink the axillary aspect of the specimen (yellow ink) for 
reference purpose. (b) The mastectomy specimen is serially sec-
tioned from the posterior aspect (black ink) at approximately 0.5 cm 
intervals to identify the lesion(s)
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an acceptable criterion for expedited drug approval. 
According to the aforementioned definition, the presence of 
residual DCIS does not rule out pCR. Lymphovascular inva-
sion is a form of invasive carcinoma, and its presence rules 
out pCR.

Only the pathologic evaluation of post-neoadjuvant speci-
mens can reliably assess the response of the carcinoma to the 
treatment. If the invasive carcinoma responds completely to 
the neoadjuvant treatment, the area of the breast where the 
carcinoma previously resided shows some macroscopic and 
microscopic stromal alterations and appears somewhat 
 different from the adjacent normal breast tissue. The area of 
the breast where the invasive carcinoma resided before treat-
ment is referred to as “tumor bed.” It is important to identify 
the tumor bed grossly, as it provides an estimate of the size 
of the untreated invasive carcinoma, and it is the area of the 
breast that needs to be sampled to rule out the possibility of 
microscopic foci of residual carcinoma. The tumor response 
to neoadjuvant therapy tends to be discontinuous, and resid-
ual viable carcinoma can consists of single cells and small 
clusters scattered throughout the tumor bed (Fig. 7.10).

Review of radiologic findings before (and after) neoadju-
vant treatment is fundamental to know the size and location 
of the tumor(s)/residual tumor(s) and of any biopsy clip(s) 
that can guide the macroscopic identification of the tumor 
bed. This information should be made available to patholo-
gists together with the post-neoadjuvant surgical specimens 
[5, 6, 95].

The prosector identifies and records the two largest 
dimensions of the tumor bed(s) and submits entirely its larg-
est cross section for microscopic examination. It is recom-
mended to retain an image (either a drawing or a photograph) 
of the sliced specimen with a map of the macroscopic altera-
tions from which the tissue sections are submitted and anno-
tations of the different areas sampled (Fig. 7.11) [5, 6]. Small 
lumpectomy specimens showing no gross evidence of resid-
ual carcinoma should be submitted in their entirety. For large 

lumpectomy or mastectomy specimens, full-face cross sec-
tions should be taken every 1 cm of the tumor bed area, up to 
a total maximum of 25 blocks [6].

Few different grading schemes have been proposed to 
quantify the tumor response to neoadjuvant treatment and try 
to predict the patient’s prognosis [95]. The Residual Cancer 
Burden (RCB) is a prognostic index predictive of the sur-
vival of a patient who received neoadjuvant chemotherapy. 
The calculation of the RCB is based on multiple pathologic 
parameters, including the size of the largest tumor bed (two- 
dimensional measurement), the overall cancer cellularity 
(estimated as an average of the residual tumor cellularity in 
the tumor bed compared to reference diagrams), the percent-
age of residual carcinoma that consists of DCIS, the number 
of lymph nodes with residual carcinoma, and the size of the 
largest nodal metastasis [96].

7.3.4  Pre-analytic Standardization: Tissue 
Handling, Type of Fixative, 
and Duration of Tissue Fixation

The cold ischemia time is the time between surgical removal 
of the tissue from the patient to the time when the tissue is 
placed in formalin for fixation. The breast specimen needs 
to be placed rapidly in an adequate amount of fixative to 
ensure adequate tissue and antigen preservation, in particu-
lar of the estrogen receptor (ER), progesterone receptor 
(PR), and HER2 proteins. The American Society of Clinical 
Oncology and College of American Pathologist (ASCO/

Fig. 7.10  Tumor bed in a mastectomy specimen obtained post- 
neoadjuvant chemotherapy. The biopsy clip is identified within the 
tumor bed Fig. 7.11 Sampling of the tumor bed in a (mastectomy) specimen 

obtained post-neoadjuvant chemotherapy. A complete cross section 
through the largest diameter of the tumor bed is blocked out and sub-
mitted in multiple cassettes. Matching colored ink is applied to the 
paired cutting edges of the adjacent tissue pieces so that the cut surfaces 
can be accurately matched when the slides are reviewed microscopi-
cally, to ensure appropriate reassembly and measurement of the tumor/
tumor bed area. Each tissue piece (A through H) is submitted in a cas-
sette, and the corresponding section code is recorded in the gross 
description of the case
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CAP) guidelines recommend that the cold ischemia time be 
shorter than 1 h [97, 98]. Longer cold ischemia time causes 
a reduction in the staining intensity and percentage of tumor 
cells showing reactivity for ER, PR, and HER2 by immuno-
histochemistry [99, 100]. It is recommended that 10% neu-
ral buffered formalin (NBF) be used to fix breast tissue 
specimens to ensure comparable results and optimal immu-
noreactivity [97, 98]. To ensure adequate tissue penetration, 
the specimen needs to be cut into 2–4-mm-thick tissue slices 
and fixed in 10% NBF for at least 6 h, but no longer than 
72 h before processing [97, 98].

7.4  Pathologic Features (Type, Size, 
Grade)

7.4.1  Type

Breast cancer is a heterogeneous disease and consists of dif-
ferent entities with distinct morphology, biological charac-
teristics, and clinical behaviors. According to WHO 
classifications of the tumors of the breast [101], breast 
tumors are divided into epithelial tumors, mesenchymal 
tumors, and fibroepithelial tumors. Epithelial tumors (=car-
cinomas) are the most common type. They derive from the 
epithelium lining the breast ducts or lobules and are classi-
fied as ductal or lobular carcinoma.

7.4.1.1  Ductal Carcinoma In Situ (DCIS)
Ductal carcinoma in situ (DCIS) is a neoplastic proliferation 
of epithelial cells confined to the mammary ducts and ductal 
lobular units, with no invasion into the surrounding stromal 
tissue. DCIS is a non-obligate morphologic precursor to 
invasive breast carcinoma, usually of ductal morphology. It 
accounts for 20–25% of all newly diagnosed breast cancers 
in the USA [102]. Most cases of DCIS in industrialized 
countries are clinically asymptomatic, and they are detected 
by screening mammogram due to the presence of associated 
calcifications. Much of the increase in the incidence of 
DCIS in the last two decades is due to the implementation of 
mammographic screening. DCIS is a very heterogeneous 
group of lesions. The pathological classification of DCIS is 
based on architectural pattern, nuclear grade, the presence 
of necrosis, and additional cytomorphologic features. The 
architectural patterns of DCIS include solid, cribriform, 
micropapillary, papillary, solid-papillary, and flat (clinging) 
(Fig. 7.12); different architectural patterns often coexist in 
any given case. Necrosis is common in DCIS of intermedi-
ate and high nuclear grade. The so called “comedo DCIS” 
refers to DCIS with solid growth pattern, high nuclear grade, 
and central necrosis (Fig.  7.13). Modern classifications 
stratify DCIS based on its nuclear characteristics, including 
nuclear size and pleomorphism into low, intermediate, and 
high grade [103].

DCIS of low nuclear grade is composed of small mono-
morphic cells with smooth nuclear contour, fine dispersed 
chromatin, and inconspicuous nucleoli (Fig. 7.14a). Mitotic 
figures are rare. The cells of low-grade DCIS are typically 
polarized in a gland-like arrangement. The calcifications 
associated with low-grade DCIS are often small and lami-
nated (Fig. 7.14a). Necrosis is uncommon. DCIS of interme-
diate nuclear grade consists of cells with intermediate-sized 
nuclei showing mild to moderate variation in size and shape, 
variably coarse chromatin, and evident but inconspicuous 
nucleoli (Fig. 7.14b). Mitotic activity may be present, but it 
is rarely high. Necrosis and calcifications tend to be present. 
DCIS of high nuclear grade consists of cells with large and 
pleomorphic nuclei, irregular nuclear contour, coarse or 
vesicular chromatin, and prominent nucleoli (Fig.  7.14c). 
Mitotic activity is easily detected. Necrosis is common. 
Periductal stromal fibrosis and inflammation are common 
around high-grade DCIS, which sometimes presents clini-
cally and/or radiologically as a mass lesion. High-grade 
DCIS is associated with higher risk of local recurrence and 
progression to invasive carcinoma than low-grade DCIS 
[104–106]. Other risk factors include young age, symptom-
atic detection, and positive margin.

Special cytomorphologic variants of DCIS include apo-
crine, spindle cell DCIS, and solid-papillary DCIS. The cells 
of apocrine DCIS have enlarged nuclei with prominent nucle-
oli and abundant eosinophilic or granular cytoplasm 
(Fig. 7.15). Spindle cell DCIS is composed of monomorphic 
spindle cells with low to intermediate nuclear grade (Fig. 7.16) 
and sometimes can mimic the appearance of usual ductal 
hyperplasia. Solid-papillary DCIS consists of a proliferation 
of neoplastic ductal cells with low to intermediate nuclear 
grade, arranged in solid sheets around filiform fibrovascular 
cores (Fig. 7.12e). The neoplastic cells sometimes show a pali-
sading “picket fence” arrangement along the fibrovascular 
cores. Spindle cell and solid-papillary DCIS sometimes coex-
ist. They can express neuroendocrine markers such as chromo-
granin, synaptophysin, and neuron- specific enolase.

Paget’s disease of the nipple is characterized by the pres-
ence of adenocarcinoma cells (Paget cells) within the squa-
mous epithelium of the nipple (intraepidermal 
adenocarcinoma). The most common clinical presentation is 
an eczematous and/or erythematous alteration of the nipple 
and areola, sometimes with nipple ulceration (Fig. 7.17a). 
On histologic examination, the Paget cells are atypical cells 
with abundant pale cytoplasm (Fig. 7.17b). They are present 
as single cells or small clusters and rarely form glands. In 
97–100% of patients with Paget’s disease, mammary carci-
noma is also found and usually consists of DCIS with or 
without an invasive component [107–109]. The neoplastic 
cells of Paget’s disease are positive for low molecular weight 
cytokeratins and CK7; they are HER2-positive in 80–100% 
of the cases and have variable estrogen receptor (ER) and 
progesterone receptor (PR) expression.
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a b

c d

e f

Fig. 7.12 Ductal carcinoma in situ, different architectural patterns. (a) Solid with central necrosis. (b) Cribriform. (c) Micropapillary. (d ) 
Papillary. (e) Solid-papillary. (f) Flat with central necrosis
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Fig. 7.13 Ductal carcinoma 
in situ with comedo necrosis 
and calcifications

a

c

b

Fig. 7.14 Ductal carcinoma in situ (DCIS), nuclear grade. (a) DCIS with low nuclear grade; few small calcifications are present; (b) DCIS with 
intermediate nuclear grade; (c) DCIS with high nuclear grade and coarse pleomorphic calcifications
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Lobular carcinoma in situ (LCIS) (Fig. 7.18) and atypi-
cal lobular hyperplasia (ALH) arise within the terminal 
ductal lobular units and can show pagetoid involvement of 
the ducts. The acini are expanded by a monomorphic pro-
liferation of dyshesive cells; the nuclei show low-grade 
atypia and are located in the center of the cells. The cells 

of LCIS and ALH are cytomorphologically similar, but in 
LCIS the cells fill and expand more than 50% of the acini 
of a lobule, whereas in ALH the proliferation is less con-
spicuous. Classic LCIS and ALH are rarely associated 
with mammographically detectable calcifications and usu-
ally constitute an incidental finding in a biopsy specimen 

Fig. 7.15 Ductal carcinoma 
in situ with apocrine 
morphology. The cells have 
abundant cytoplasm

Fig. 7.16 Ductal carcinoma 
in situ, with spindle cell 
morphology. In the central 
portion of this duct involved 
by DCIS, the neoplastic cells 
have a spindled shape
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obtained to evaluate another lesion. Classic LCIS and ALH 
are both risk factors and non-obligate morphologic precur-
sors of invasive  carcinoma. The risk of progression to inva-
sive carcinoma is very low compared to that of 
DCIS.  E-cadherin is a transmembrane glycoprotein 
encoded by the CDH1 gene, which is located on chromo-
some 16q22.1, and involved in epithelial cell-cell adhe-
sion. LCIS and ALH are characterized by loss of E-cadherin 
expression by immunohistochemical staining; in some 
cases E-cadherin staining is attenuated and/or incomplete 
(Fig. 7.19). P120 links the E-cadherin/beta- catenin com-

plex to the actin cytoskeleton. If the E-cadherin- beta-
catenin complex is absent or not functional, p120 loses its 
membranous localization and is present diffusely through-
out the cytoplasm. P120 immunohistochemical staining is 
useful in the diagnostic evaluation of solid carcinoma in 
situ that shows ambiguous reactivity for E-cadherin. DCIS 
with solid growth shows strong membranous expression of 
E-cadherin and p120 (Fig.  7.20). Pleomorphic LCIS 
(PLCIS) and LCIS with necrosis are rare variants of LCIS 
of relatively recent identification. Pleomorphic LCIS 
(Fig.  7.19a) demonstrates the dyshesive growth pattern 

a b

Fig. 7.17 Paget’s disease of the nipple. (a) The nipple shows an irregular ulceration. (b) The neoplastic cells have abundant pale cytoplasm and 
large dark nuclei. They are distributed as single cells or clusters throughout the entire epidermis. Inflammatory cells are present in the dermis

Fig. 7.18  Lobular carcinoma 
in situ, classic type
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Fig. 7.19  Lobular carcinoma in situ (LCIS) variant forms. (a) Pleomorphic LCIS. (b) LCIS with necrosis (c, d ). Lack of immunoreactivity for 
E-cadherin in pleomorphic LCIS (c) and LCIS with necrosis (d ). This result supports a lobular phenotype

a b

Fig. 7.20  Immunohistochemical stains for E-cadherin in ductal carcinoma in situ. Membranous reactivity for E-cadherin supports a ductal 
phenotype
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characteristic of LCIS, but exhibits moderate to marked 
nuclear pleomorphism, and can have central necrosis with 
associated coarse and pleomorphic calcifications. LCIS 
with comedo necrosis (also known as “florid” LCIS) 
(Fig. 7.19b) is composed of cells with the cytomorphology 
of classic LCIS but shows massive acinar expansion, with 
foci of central necrosis that often harbor coarse calcifica-
tions. Both PLCIS and LCIS with comedo necrosis can 
closely mimic DCIS mammographically and histologi-
cally. In cases in which immunohistochemical stain for 
E-cadherin is inconclusive, p120 catenin (p120) can be 
used to assess whether E-cadherin is dysfunctional.

7.4.1.2  Invasive Carcinoma
Morphological classification of histologic subtypes of inva-
sive breast carcinoma follows the latest WHO classification of 
tumors of the breast [101]. Invasive ductal carcinoma (IDC) of 

no special type or not otherwise specified (NOS) and invasive 
lobular carcinoma are the most common forms and comprise 
60–75% and 5–15% of invasive breast carcinoma, respec-
tively. Invasive carcinomas in which greater than 50% of the 
lesion displays no special features are classified as IDC-NOS 
[101]. This designation is a diagnosis of exclusion, as it applies 
to an invasive carcinoma that does not show morphologic fea-
tures diagnostic of any special histologic subtype (Fig. 7.21). 
Invasive lobular carcinoma (ILC) is the second most common 
histologic subtype of invasive breast carcinoma. ILC 
(Fig.  7.22) is composed of loosely cohesive or dyshesive 
tumor cells, which often infiltrate the breast parenchyma in a 
single linear file. In classic ILC (Fig. 7.22a), the tumor cells 
are small, round, uniform, with minimal nuclear pleomor-
phism. Cells with an intracytoplasmic lumen, intracellular 
mucin, or signet ring morphology are common. Pleomorphic 
ILC (Fig. 7.22b) has a dyshesive growth pattern as that of clas-

a b

Fig. 7.21 Invasive ductal carcinoma of no special type. (a) Well- 
differentiated invasive ductal carcinoma, with low nuclear grade and 
evident gland formation. (b) Poorly differentiated invasive ductal carci-

noma, with high nuclear grade and no gland formation. This carcinoma 
is associated with a prominent inflammatory infiltrate

a b

Fig. 7.22 Invasive lobular carcinoma, classic and pleomorphic types. 
(a) Invasive lobular carcinoma, classic type. The cells are small and 
have low-grade nuclei. (b) Invasive lobular carcinoma, pleomorphic 
type. The cells have abundant cytoplasm and large hyperchromatic and 

irregular nuclei. The neoplastic cells of invasive lobular carcinoma with 
classic (a) or pleomorphic (b) morphology infiltrate the stroma as either 
single cells or in linear files (so called “Indian files”) [Note: images (a) 
and (b) are shown at the same magnification]
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sic ILC, but the neoplastic cells have large and irregular nuclei, 
prominent nucleoli, and marked nuclear pleomorphism; binu-
cleation is common. The neoplastic cells often show oval to 
plasmacytoid morphology, and the nucleus can be located at 
one pole of the cell. The discohesive morphology in ILC is 
secondary to the  dysregulation of cell-cell adhesion, due to the 
loss of E-cadherin. ILC displays recurrent copy number altera-
tions including gains at 1q and losses at 16q, chromosomal 
abnormalities commonly seen in low-grade precursor lesions, 
and well- differentiated hormonal receptor-positive invasive 
breast carcinomas [110–112]. Pleomorphic ILC and classic 
ILC have overlapping genomic alterations: 16q losses and 1q 
gains [113]. However, pleomorphic ILC harbors additional 
genetic alterations typically found in high-grade IDC [113]. 
Somatic CDH1 gene mutations are identified in over 60% of 
ILC and often occur in combination with chromosome 16 loss 

[114–116]. Inherited mutations in the CDH1 gene cause 
hereditary diffuse gastric cancer and increased risk of develop-
ing mammary ILC of the breast [117–120]. In addition to 
CDH1 mutations, alterations in PI3K pathway (PIK3CA, 
PTEN, and AKT1) are observed in 50% of ILC cases [115, 
116]. Mutations in HER2, HER3, FOXA3, and copy number 
gain in ESR1 are more frequent in ILC than in IDC [115, 116]. 
It remains unclear whether patients with ILC have similar or 
better prognosis compared to patients with stage- and receptor- 
matched IDC [121].

The special histologic subtypes of breast carcinoma are 
less common than that of IDC-NOS and ILC [101]. They 
include tubular carcinoma (Fig. 7.23), cribriform carcinoma 
(Fig. 7.24), mucinous carcinoma (Fig. 7.25), invasive micro-
papillary carcinoma (Fig. 7.26), invasive papillary carcinoma 
(Fig.  7.27), metaplastic carcinoma (Fig.  7.28), carcinoma 

Fig. 7.23 Tubular carcinoma. 
The invasive carcinoma 
consists of well-formed 
monostratified glands with 
low nuclear atypia

Fig. 7.24 Cribriform 
carcinoma. An example of 
invasive cribriform 
carcinoma. The carcinoma 
consists of large and 
cribriform nests with irregular 
outline and infiltrative pattern
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Fig. 7.25 Mucinous 
carcinoma. Clusters of 
carcinoma floating in mucin 
invade into the tissue

Fig. 7.26 Invasive 
micropapillary carcinoma. 
Each of the clusters and rings 
of invasive micropapillary 
carcinoma is surrounded by a 
clear “halo-like” space. This 
growth pattern can closely 
mimic lymphovascular 
invasion
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with apocrine differentiation (Fig. 7.29), carcinoma with sig-
net ring cells (Fig.  7.30), carcinoma with neuroendocrine 
features (Fig. 7.31), adenoid cystic carcinoma (Fig. 7.32), 
secretory carcinoma (Fig.  7.33), acinic cell carcinoma 
(Fig. 7.34), and several other exceptionally rare subtypes.

Encapsulated papillary carcinoma (EPC) (formerly 
referred to as intracystic papillary carcinoma) is a unique 
variant of papillary carcinoma and usually occurs in post-
menopausal women. On gross examination, EPC appears as 
a circumscribed cystic tumor with a central cavity filled with 
delicate and friable fronds (Fig.  7.35a). Microscopically, 
EPC consists of papillary fronds filling a cystic space and 
surrounded by a thick fibrous capsule (Fig. 7.35b). The neo-
plastic ductal cells are monomorphous, with low to interme-
diate nuclear grade, and have cribriform and focally solid 

arrangement along delicate fibrovascular cores (Fig. 7.35c). 
Myoepithelial cells are typically absent within the fibrovas-
cular cores as well as at the periphery of the tumor. EPC was 
traditionally regarded as a form of DCIS, but the absence of 
myoepithelium at the periphery of the tumor is strong evi-
dence that EPC represents an indolent variant of locally inva-
sive low-grade carcinoma [122–124]. The staging and 
management of EPC remain controversial. Rare cases of 
lymph node involvement and distal metastasis are reported 

a

b

Fig. 7.27 Invasive papillary carcinoma. The neoplastic cells line fibro-
vascular cores devoid of myoepithelium (not shown). Primary breast 
carcinoma with exclusively invasive papillary morphology is unusual, 
and the possibility of metastatic carcinoma from a non-mammary site, 
such as ovary or female genital tract, should be considered

a

c

b

Fig. 7.28  Metaplastic carcinoma, different morphologies. (a) 
Metaplastic squamous cell carcinoma. (b) Metaplastic spindle cell car-
cinoma, with intermediate to high nuclear grade. (c) Metaplastic carci-
noma with chondroid differentiation
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Fig. 7.29  Carcinoma with apocrine differentiation Fig. 7.30  Carcinoma with signet ring cells. Most neoplastic cells have 
intracytoplasmic vacuole that indent the nucleus, with resulting “signet 
ring” morphology

a b

c d

Fig. 7.31 Carcinoma with neuroendocrine features. (a) This moder-
ately differentiated invasive carcinoma demonstrates diffuse reactivity 
for the neuroendocrine marker synaptophysin (b), and scattered positiv-

ity for chromogranin, another neuroendocrine antigen (c). (d ) This 
high-grade invasive carcinoma with neuroendocrine features qualifies 
morphologically as small cell carcinoma of the breast
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[123, 124], but most tumors tend to be indolent. At present, 
EPC is regarded as an indolent form of invasive carcinoma 
with excellent prognosis with adequate local therapy and 
possibly hormonal therapy. The recommendation by the 
WHO working group is that in the absence of conventional 
forms of invasive carcinoma, EPC should be staged and 
managed as Tis(DCIS) disease [101]. If conventional inva-
sive carcinoma is associated with EPC, staging and manage-
ment should be according to the size of the invasive 
component [101].

Gene expression profiling and microarray comparative 
genomic hybridization (aCGH) studies of special histologic 
subtypes of breast cancer have revealed distinct features at 
the genomic and transcriptomic level. Tubular carcinoma 
shares similar transcriptomic profiles to histologic grade- 
and ER-matched IDC-NOS with just few subtle differences, 
suggesting that these two entities may evolve through com-
mon molecular pathways and have similar precursor lesions 
[125]. Mucinous carcinoma and carcinoma with neuroendo-
crine differentiation are transcriptionally distinct from 

Fig. 7.32 Adenoid cystic 
carcinoma. Adenoid cystic 
carcinoma of the breast is 
morphologically similar to its 
counterpart in the salivary 
glands. It is a carcinoma with 
biphasic (epithelial and basal/
myoepithelial) differentiation

Fig. 7.33 Secretory 
carcinoma. This rare form of 
invasive carcinoma consists of 
cells with abundant 
vacuolated cytoplasm and 
intraluminal secretion
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Fig. 7.34 Acinic cell 
carcinoma. This rare form of 
invasive carcinoma consists of 
cells with granular cytoplasm 
and is morphologically 
similar to its counterpart in 
the salivary glands

a

c

b

Fig. 7.35 Encapsulated papillary carcinoma (EPC). This tumor typi-
cally presents as a solid and cystic lesion in the central breast/subareolar 
region. EPC is a rare and indolent variant of papillary carcinoma. It is 

usually surrounded by a thick fibrous capsule and has a broad pushing 
infiltrative edge (b). The nuclear grade of EPC is low to intermediate
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 histological grade- and molecular subtype-matched IDC-
NOS by gene expression microarray analysis [126]. Pure 
mucinous carcinoma displays a relatively low level of genetic 
instability and less frequent gains of 1q and loss of 16q, the 
hallmark genetic features of low-grade invasive breast carci-
nomas, than grade- and ER-matched IDC-NOS. These find-
ings suggest that mucinous carcinoma may evolve through 
genetic pathways distinct from those altered in the low-grade 
breast neoplasia family [127]. Interestingly, the mucinous 
and non- mucinous components of mixed mucinous carcino-
mas display similar genomic alterations [127]. Similarly, in 
carcinoma with mixed NOS and invasive micropapillary 
morphology, both micropapillary and non-micropapillary 
components harbor similar genomic alterations, which are 
also similar to those found in invasive micropapillary carci-
noma [128]. Invasive micropapillary carcinomas have 
genomic alterations significantly different from grade- and 
ER-matched IDC-NOS. High-level gains/amplifications of 
1q, 8q, 17q, 20q, and MYC (8q24) amplification are more 
prevalent in invasive micropapillary carcinomas [129]. 
Papillary carcinomas display less genomic alterations than 
grade- and ER-matched IDC-NOS; however, the patterns of 
gene copy number aberrations found in papillary carcinomas 
are similar to those of ER- and grade-matched IDC-NOSs, 
including 16q loss [130]. The histologic subtypes of papil-
lary carcinomas, including encapsulated papillary carci-
noma, solid-papillary carcinoma, and invasive papillary 
carcinoma, have remarkably similar pattern of copy number 
alterations [130, 131].

Certain special histologic subtypes of breast cancer not 
only have distinct morphological and molecular features but 
also distinct biology and clinical behavior. Even in the era of 

molecular testing, traditional morphologic classification 
remains valuable for risk stratifications. For example, tubular 
carcinoma is almost always ER/PR-positive, HER2-negative 
and is associated with favorable prognosis, even compared to 
well-differentiated invasive ductal carcinoma [132]. Several 
special histologic subtypes, such as adenoid cystic carci-
noma (Fig. 7.32), secretory carcinoma (Fig. 7.33), and low- 
grade variants of metaplastic carcinoma including low-grade 
adenosquamous carcinoma (Fig.  7.36) and low-grade 
fibromatosis- like metaplastic carcinoma (Fig.  7.37), often 
exhibit triple-negative phenotype by immunohistochemistry 
and have basal-like phenotype by gene expression profiling. 
Nonetheless, these carcinomas are associated with a rela-
tively indolent behavior and good clinical outcome, unlike 
the triple-negative breast carcinomas with conventional inva-
sive ductal NOS morphology.

7.4.2  Size

The size of the invasive carcinoma is essential for pathologic 
tumor staging. The prosector records the three dimensions of 
the tumor at gross examination, but, ultimately, the micro-
scopic measurement is the most accurate method for assess-
ing the tumor size because only the invasive component is to 
be used to determine the pT stage. If an invasive carcinoma 
is associated with extensive mass-forming DCIS with high 
nuclear grade and periductal fibrosis, the gross measurement 
of the tumor mass will overestimate the size of the invasive 
component. Such discrepancy can have important conse-
quences, especially if neoadjuvant chemotherapy is being 
considered. In contrast, the gross measurement of an ILC 

a b

Fig. 7.36 Low-grade adenosquamous carcinoma. This is a biphasic tumor with epithelial/squamous and basal/myoepithelial differentiation. It can 
be locally aggressive but has limited to no metastatic potential
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may underestimate the tumor T-stage by nearly 50%, due to 
the lack of desmoplastic stromal reaction and diffuse “single- 
file” growth pattern [133]. In cases of invasive lobular carci-
noma, discrepancies between the pathologic T-stage (based 
on microscopic measurement) and the clinical T-stage (based 
on imaging techniques) are not uncommon.

If the tumor mass measures up to 2–2.5 cm grossly, a 
full cross section of the tumor can be submitted in one 
cassette, and the largest span of invasive carcinoma is 
measured microscopically in the corresponding tissue 
section. If the tumor mass measures greater than 2.5 cm 
grossly, a full cross section through the tumor greatest 
diameter is mapped and submitted in multiple tissue cas-
settes, in a manner that allows the pathologist to reassem-
ble the tissue sections at the time of microscopic 
examination and accurately assess the size of the invasive 
component microscopically (see Sect. 7.3). If the lumpec-
tomy specimen was sliced sequentially and entirely sub-
mitted, the size of the invasive carcinoma can be calculated 
by multiplying the number of sequential slices involved 
by the invasive carcinoma by the estimated thickness of 
each tissue slice.

Carcinoma in situ is classified as Tis, with an additional 
parenthetical subclassification indicating the subtype, such 
as Tis (DCIS) or Tis (Paget’s). Although the size of the 
DCIS is not required for pT staging, the extent of DCIS is a 
significant parameter that plays an important role when 
deciding on patient management. If DCIS is present in one 
slide, the extent of DCIS is measured by the largest micro-
scopic span between the two furthest foci of DCIS [134]. 
The optimal prosection of an excision specimen known to 
contain DCIS involves sequential sectioning and histologic 
evaluation of the entire specimen. The extent of DCIS can 
be calculated by multiplying the estimated thickness of 
each tissue slice by the number of slices with microscopic 
evidence of DCIS [134].

Microinvasive carcinoma is defined as invasive carcinoma 
spanning up to 1 mm and classified as T1mi by the American 
Joint Committee on Cancer (AJCC) [84]. Microinvasive car-
cinoma tends to be associated with high-grade DCIS. It usu-
ally consists of rare single cells and small clusters admixed 
with marked chronic inflammation in the stroma adjacent to 
high-grade DCIS.  In our experience, microinvasive carci-
noma is also frequently associated with PLCIS and LCIS 
with comedo necrosis, while it is uncommon near low-grade 
DCIS or classic LCIS. Immunohistochemical stains for cyto-
keratin and myoepithelial markers are often helpful to dem-
onstrate the absence of myoepithelial cells around the 
microinvasive clusters. If more than one focus of microinva-
sive carcinoma is present, the pathologist may count and 
report their number. The incidence of axillary lymph node 
metastasis (including macro-and micrometastases) in 
patients with microinvasive carcinoma ranges from 0 to 11% 
[135–143]. The presence of more than one focus of microin-
vasive carcinoma was not associated with increased rate of 
lymph node metastasis or local recurrence [139, 141, 143], 
but its clinical impact has not been fully investigated.

If two or more separate foci of invasive carcinoma are 
present, each focus needs to be characterized and docu-
mented. The pT stage is based on the size of largest invasive 
focus. If two or more tumors appear separate but are closely 
adjacent, the intervening tissue is sampled to determine 
whether the tumors are truly separated or rather represent 
one contiguous tumor with dumbbell shape. Foci of invasive 
carcinoma that are less than 5  mm apart are arbitrarily 
regarded as part of the same tumor, and the size is measured 
across the largest span between the furthermost foci, includ-
ing the intervening stroma (the latter being by definition 
always less than 5 mm in size).

The size of the residual invasive carcinoma post- 
neoadjuvant therapy can be difficult to assess, especially 
when the residual invasive carcinoma consists of scattered 

a b

Fig. 7.37 “Low-grade” “fibromatosis-like” metaplastic spindle cell carcinoma. (a) H&E stain. (b) Immunohistochemical stain for pancytokeratin 
demonstrates the epithelial nature of the neoplastic spindle cells
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microscopic foci within the tumor bed (Fig. 7.38). Adequate 
sampling of the tumor bed is critical (Sect. 7.3). According to 
the AJCC Cancer Staging recommendations [84], the resid-
ual tumor size (ypT) is the largest single focus of invasive 
carcinoma; a modifier “m” is used to indicate multifocal dis-
ease. According to the Breast International Group-North 
American Breast Cancer Group (BIG-NABCG) recommen-
dations, the largest span of the tumor bed area involved by 
residual viable invasive carcinoma combined together with 
the tumor cellularity constitutes a better indicator of the 
tumor response and prognosis [5, 6].

7.4.3  Grade

Tumor grade is a prognostic factor in breast cancer. The most 
used grading system for invasive carcinoma of the breast is 
the modified Scarff-Bloom-Richardson system [144]. The 
invasive carcinoma is graded based on three parameters, 
namely, tubule and gland formation, nuclear pleomorphism, 
and mitotic count (Table 7.1) (Fig. 7.39).

Tumor grade is not only an important prognostic factor, 
but it is also a predictor of response to neoadjuvant sys-
temic therapy. The frequency of complete pathologic 
response in grade 3 tumors is higher than in grade 1 and 2 
tumors [145].

Fig. 7.38  Residual invasive 
carcinoma post-neoadjuvant 
chemotherapy. The residual 
invasive carcinoma is present 
as few scattered microscopic 
foci within the tumor bed

Table 7.1 Grading of invasive carcinoma (Modified Scarff-Bloom- 
Richardson system)

Tubule and gland formation Score
Majority of tumor (>75% of tumor) 1
Moderate tubule formation (10%-75% of tumor) 2
Minimal or no tubule formation (<10% of tumor) 3

Nuclear pleomorphism Score
Small nuclei (<1.5 x normal ductal cell) with minimal 
pleomorphism, even chromatin pattern, nucleoli not 
visible or inconspicuous

1

Moderate increase in size (1.5-2 x normal ductal cell) and 
pleomorphism
Nucleoli are visible but small and inconspicuous

2

Large nuclei (>2 x normal ductal cell) with vesicular 
chromatin, marked variation in size and shape, prominent 
nucleoli

3

Mitotic counta Score
Total number of mitotic figures in 10 high-power fields 
(400× final magnification)
The score 1–3 thresholds depend on the microscope field 
diameter

1–3

Final grading
Add scores for gland formation, nuclear pleomorphism, 
and mitotic count

Total 
score

Grade I/III 3–5
Grade II/III 6 or 7
Grade III/III 8 or 9

aEvaluation of mitotic requires optimal tissue fixation and good tissue 
preparation
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Morphological, immunohistochemical, and molecular 
studies demonstrated an association between some precursor 
lesions such as columnar cell changes with atypia, atypical 
ductal hyperplasia (ADH), lobular neoplasia (ALH and classic 
LCIS), low-grade DCIS, and invasive carcinomas of low 
nuclear grade, such as tubular, cribriform, lobular, tubulolobu-
lar, and grade 1 (well-differentiated) carcinomas [146–148]. 
The “low-grade breast neoplasia family” and their non-obli-
gate precursor lesions share similar  immunophenotype 
(ER-positive, HER2-negative) and genetic alterations, with 
recurrent loss of chromosome 16q, gain of 1p, and low num-
ber of genetic alterations per case [110, 147, 149]. In contrast, 
the immunoprofile and genetic alterations of high- grade DCIS 
and grade 3 invasive carcinomas are more heterogeneous and 
have greater genetic complexity [148]. Based on these obser-
vations, the low-grade and high-grade carcinomas seem to 
evolve from distinct molecular pathways, although genetic 
evidence supports the progression from low- to high-grade 
carcinoma in a subset of cases.

7.5  Sentinel Lymph Node Biopsy 
and Axillary Lymph Node Dissection

7.5.1  Sentinel Lymph Node Biopsy

A prospective randomized clinical trial (NASBP-32) demon-
strated that ALND can be safely omitted in patients with 
cT1-T2N0 disease and no evidence of carcinoma in the 
SLN(s) that were sliced into 2-mm-thick tissue sections and 
evaluated only with routine H&E-stained slides [150]. As a 
corollary study, the tissue blocks of the SLNs of patients 
with no evidence of metastatic disease in the two arms of the 
study were further evaluated with deeper levels and cytoker-
atin stains at a central laboratory. The results demonstrated 
that “Occult metastases were an independent prognostic 
variable in patients with sentinel nodes that were negative on 
initial examination; however, the magnitude of the difference 
in outcome at 5 years was small (1.2% points). These data do 
not indicate a clinical benefit of additional evaluation, includ-
ing immunohistochemical analysis, of initially negative sen-
tinel nodes in patients with breast cancer” [151]. Following 
publication of the aforementioned results, the practice of 
routinely obtaining additional H&E level sections and cyto-
keratin stains of SLNs negative for carcinoma in the initial 
H&E sections to identify occult metastases has been discon-

a
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b

Fig. 7.39  Invasive ductal carcinoma, histologic grade. (a) Well- 
differentiated. (b) Moderately differentiated. (c) Poorly differentiated
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tinued at most centers, including ours. The results of another 
prospective randomized clinical trial by the American 
College of Surgeons Oncology Group (ACOSOG Z0011) 
[81, 152] led to additional changes in the management of the 
axillary lymph nodes in patients presenting with cT1-T2N0 
disease. The ACOSOG Z0011 study evaluates the survival of 
patients with cT1-T2N0 disease who were found to have 
metastatic carcinoma (micro- or macrometastases) in one or 
two SLNs and treated with breast-conserving surgery, whole- 
breast irradiation, and systemic therapy as determined by the 
treating clinician. Four hundred forty-six patients were ran-
domized to SLN biopsy alone and 445 to SLND and 
ALND. The two arms of the study were comparable with 
respect to patient age, tumor characteristics (grade, size, his-
tology, and estrogen receptor status), and adjuvant systemic 
therapy [81]. The results of the study, first reported after a 
median follow-up of 6.3 years, showed no significant sur-
vival differences in relapse-free survival and locoregional 
recurrence between the two groups [81]. At a median follow-
 up of 9.25  years, no statistically significant difference is 
detected in  local recurrence-free survival between the two 
groups. The 10-year cumulative incidence of nodal recur-
rences is 0.5% in the ALND arm and 1.5% in the SLND- 
alone arm. The 10-year cumulative locoregional recurrence 
rate is 6.2% with ALND and 5.3% with SLN biopsy alone 
[153]. Before the publication of the results of the Z0011 trial, 
SLNs of cN0 patients found to have micro- or macrometa-
static disease in the sentinel lymph nodes underwent 
ALND. In the post-ACOSOG Z0011 era, ALND is limited to 
cT1-T2N0 patients who do not meet the Z0011 selection cri-
teria, and the practice of routine intraoperative evaluation of 

SLNs for patients undergoing breast conserving surgery has 
been discontinued at most centers. ALND is performed if 
micro- or macrometastatic carcinoma is identified in SLNs 
from patients with cT1-T2N0 disease surgically managed 
with mastectomy, because such patients were excluded from 
the Z0011 trial. Intraoperative assessment of the SLN(s) con-
tinues to be performed routinely in this group of patients.

When processing SLNs at intraoperative frozen section or 
post fixation for permanent section, it is recommended to 
slice the SLNs into 2-mm-thick sections along the major axis 
of the lymph nodes [154, 155]. All grossly negative SLNs are 
entirely submitted for microscopic examination [154, 155]. 
According to the AJCC staging system, lymph node metasta-
ses are classified as macrometastases, micrometastases, and 
isolated tumor cells (ITCs), based on the size of the tumor 
deposits [84]. A macrometastasis consists of tumor deposits 
greater than 2 mm (Fig. 7.40); a micrometastasis is defined 
as tumor deposits greater than 0.2 mm or greater than 200 
cells in a single cross section, but not greater than 2 mm. 
ITCs are defined as small clusters of tumor cells not greater 
than 0.2 mm in largest dimension or nonconfluent or nearly 
confluent tumor cells ≤200 cells in a single cross section 
[84]. The size cutoff values of 0.2 mm and 2 mm were arbi-
trarily chosen. The size of the tumor deposits is determined 
by measuring the largest contiguous span of the tumor, and 
not across the entire span of all tumor deposits. The thresh-
old of 200 cells is especially useful in the evaluation of meta-
static lobular carcinoma where the tumor cells are often 
dispersed instead of forming cohesive clusters. Nonetheless, 
the quantification of small tumor deposits in lymph nodes 
continues to be challenging in some cases.

Fig. 7.40  Axillary lymph 
node with metastatic 
mammary carcinoma. 
Metastatic carcinoma 
extensively involves a lymph 
node, but does not transgress 
the lymph node capsule. 
Residual lymph node tissue is 
visible
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Extranodal or extracapsular extension (ECE) is extension 
of the metastatic carcinoma beyond the lymph node capsule 
into the surrounding soft tissue (Fig.  7.41). We routinely 
report the presence or absence of ECE and the size of the 
ECE, if present. ECE of the SLN metastasis is significantly 
associated with non-SLN involvement [156]. Whether ECE 
is an independent risk factor for locoregional and distant 
recurrence remains controversial [157–160].

Patients with gross extracapsular extension were excluded 
from the Z0011 trial, and the significance of microscopic 
ECE was not evaluated [152]. Gooch et al. retrospectively 
reviewed patients who would have been eligible for the 
Z0011 study and underwent ALND at our center, most of 
them in the pre-Z0011 era [161]. In this study, ECE in SLNs 
was associated with higher tumor burden in the axillary 
lymph nodes, and ECE >2 mm was the strongest predictor of 
additional positive lymph nodes at completion ALND [161]. 
Choi et  al. reviewed data from 208 breast cancer patients 
with T1-T2 tumors, and 1 or 2 positive SLNs underwent 
ALND [162]. Patients with ECE (either ≤2 mm or >2 mm) 
had significantly higher frequency of N2 disease compared 
to patients without ECE [162]. Patients with ECE ≤2 mm 
had similar outcome (local, nodal, and distant recurrence) to 
patients without ECE. Patients with ECE >2 mm had worse 
survival; however, on multivariate analysis, tumor size and 
>3 positive node were independent predictors for mortality, 
while ECE >2 mm was not [162].

7.5.1.1  Sentinel Lymph Node Biopsy Post- 
neoadjuvant Systemic Therapy

The use of neoadjuvant systemic therapy is increasing, par-
ticularly that of neoadjuvant chemotherapy (NACT) for 
triple- negative and HER2-positive invasive carcinomas. The 
timing of SLN biopsy in patients receiving neoadjuvant ther-

apy is controversial. Several clinical trials evaluated the fea-
sibility and accuracy of SLN biopsy following NACT. The 
National Surgical Adjuvant Breast and Bowel Project 
(NSABP) B27 trial [163] analyzed 428 patients who under-
went SLN mapping following NACT. The overall success 
rate of SLN identification was 84.8% [163]. The success rate 
was significantly higher when radioisotope was used for the 
mapping, either alone or in combination with blue dye [163]. 
The false-negative rate (FNR) of SLN biopsy in predicting 
the axillary nodal status in 343 patients who also underwent 
ALND was 10.7% [163]. The SENTINA (SENTinel 
NeoAdjuvant) study reported a SLN detection rate of 80.1% 
among 592 patients who underwent SLN biopsy after NACT 
and FNR of 14.2% among 474 patients who converted from 
cN+ to ycN0 post NACT [164]. In multivariate analysis, the 
number of lymph nodes examined was a significant factor. 
The FNR was less than 10% for patients with three or more 
SLNs removed, compared to 24.3% when only one SLN was 
removed and 18.5% when two SLNs were removed [164].

The American College of Surgeons Oncology Group 
(ACOSOG) Z1071 (Alliance) trial evaluated the false- 
negative rate of SLN biopsy following neoadjuvant chemo-
therapy in patients initially presented with biopsy-proven 
node-positive cN1 breast cancer [165]. The rate of SLN 
identification in 651 patients with cN1 disease was 92.9%. 
Of the 310 patients with residual nodal disease, the FNR of 
SLN biopsy was 12.6%, above the prespecified threshold of 
10.0% [165]. Similar to the NSABP B27 trial and SENTINA 
trial [163, 164], the FNR of SLN biopsy was significantly 
reduced when blue dye injection and radiolabeled tracer 
were used together for SLN mapping and if at least three 
SLNs were identified [165]. The FNR of SLN biopsy among 
patients with three or more SLNs examined was 9.1% [165]. 
Although Z1071 failed to meet the prespecified threshold of 

a b

Fig. 7.41 Extranodal extension. In this unusual case, carcinoma was 
present only in the adipose tissue outside of the lymph node capsule (a), 
but no definite lymph node metastasis was identified. Membranous 

reactivity for E-cadherin demonstrates that the carcinoma present out-
side the lymph node has a ductal phenotype
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a false-negative rate of 10%, further analysis of the data from 
the Z1071 trial suggested that placing a clip in the biopsy- 
proven positive lymph node at the time of biopsy and identi-
fication and removal of the clipped node at the time of SLN 
biopsy could improve the FNR [166].

The protocol for prosection and examination of SLNs in 
patients who have received neoadjuvant therapy does not dif-
fer from that of patients who undergo a similar surgical pro-
cedure before receiving systemic therapy, but the finding of 
any amount of residual viable carcinoma constitutes evi-
dence of metastatic disease. In particular, the finding of ITCs 
is clinically relevant in the neoadjuvant setting. The presence 
or absence of treatment effects is also documented. The fol-
lowing information is included in the pathology report of 
lymph node status post NACT: number of examined lymph 
nodes, number of lymph nodes with viable carcinoma, size 
of the largest metastatic focus, number of lymph nodes with 
treatment effect and viable carcinoma, number of lymph 
nodes with treatment effect without viable carcinoma, and 
presence and extent of extracapsular extension, if present.

Additional levels and/or cytokeratin stains are obtained to 
evaluate suspicious findings, but are not performed routinely 
[6]. In the Sentinel Node Biopsy Following Neoadjuvant 
Chemotherapy (SN FNAC) study, the FNR of SLN biopsy 
was 13.3% but was lowered to 8.4% with the use of immuno-
histochemical stains for cytokeratins [167].

7.5.2  Axillary Lymph Node Dissection

When handling an ALND specimen, all the lymph nodes are 
dissected, thinly sectioned, and entirely submitted for micro-
scopic examinations. It is important to give an accurate count 
of the lymph nodes that are dissected, because the number of 
positive nodes is an important factor in determining the 
tumor stage. When reporting the status of the axillary lymph 
nodes, we specify the number of lymph nodes examined, the 
number of lymph nodes with metastatic carcinoma, the size 
of the largest metastatic focus, the presence/absence of extra-
capsular extension, and when present, the size of the extra-
capsular extension.

7.6  Staging

Staging of breast carcinoma is determined using the tumor- 
node- metastasis (TNM) system based on the latest recom-
mendations by the AJCC [84]. Clinical staging is denoted 
using a prefix “c.” Pathologic staging summarizes the clini-
cal staging and the data from pathological examination and 
is denoted using a prefix “p.” Staging of breast carcinoma in 
patients who have received post-neoadjuvant therapy is des-
ignated using a prefix “yc” or “yp.”

7.7  Prognostic and Predictive Factors

7.7.1  Estrogen Receptor, Progesterone 
Receptor, and Human Epidermal 
Growth Factor Receptor 2

Estrogen receptor (ER), progesterone receptor (PR), and 
human epidermal growth factor receptor 2 (HER2) are the 
main predictive and prognostic markers for invasive breast 
carcinoma. The assessment of ER, PR, and HER2 status 
requires the use of accurate, sensitive, specific, and reliable 
methods. In the USA, it is mandatory to use US Food Drug 
and Administration (FDA)-approved assays. ER, PR, and 
HER2 status should be assessed in all primary, recurrent, and 
metastatic breast carcinomas. DCIS with no evidence of 
associated invasive carcinoma is tested for ER (and PR). This 
practice is based on the results of a subset analysis of 
NSABP-B24 trial data which showed that adjuvant tamoxi-
fen significantly reduced subsequent breast cancer at 10 years 
after lumpectomy and radiation in women in ER-positive 
DCIS, while no significant benefit was observed in 
ER-negative DCIS [168]. The ER, PR, and HER2 status of 
metastatic breast carcinoma usually resembles that of the 
primary tumor, but sometimes it is different, particularly 
after prolonged hormonal treatment. In a study of 233 pri-
mary breast carcinomas and paired metachronous non- 
osseous distant metastases, receptor conversion for ER and 
PR was 15.1% and 32.6%, respectively, including 12.4% of 
the tumors going from ER- or PR-positive to ER-/PR-negative 
and 8.2% from ER-/PR-negative to ER- or PR-positive [169]. 
HER2 conversion by immunohistochemical staining was 
5.2%; in half of the cases with a change in HER2 status, 
HER2 was negative in the primary carcinoma, but the metas-
tasis was HER2-positive; in the remaining half of the cases, 
HER2 conversion was from positive to negative [169].

The ASCO/CAP established guidelines for ER, PR, and 
HER2 testing in breast carcinoma [97, 98], including stan-
dardization of pre-analytic variables, the type of fixative 
and the optimal length of tissue fixation, the use of vali-
dated antibodies and appropriate control tissues, and assay 
interpretation and reporting. The specimen should be fixed 
as quickly as possible in an adequate volume of fixative. 
The cold ischemia time should be documented; the recom-
mend cold ischemia time should be ≤1 h. Several studies 
have shown that prolonged cold ischemia time can alter the 
detection of ER, PR, and HER2 by immunohistochemistry 
[100, 170, 171] and the detection of HER2 amplification by 
in situ hybridization [171]. Significant reduction of ER, 
PR, and HER2 signal by immunohistochemistry was 
observed after 2 h for non- refrigerated tissue samples and 
after 4 h for refrigerated samples [100]. Only 10% neutral 
buffered formalin should be used as the fixative for breast 
tissue specimens; the breast tissue specimen should be 
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sliced into 4–5-mm-thick sections to facilitate formalin 
penetration, placed in abundant fixative, and fixed for at 
least 6 h and no more than 72 h [97, 98].

The ER, PR, and HER2 status of invasive carcinoma can 
be assessed in any tumor tissue sample from the primary or 
metastatic site, whether obtained by needle core biopsy or 
surgical excision. The ER, PR, and HER2 status of newly 
diagnosed breast carcinoma is usually assessed at most cen-
ters using core needle biopsy samples, whereas in the past 
testing was usually performed in the tumor in the resection 
specimen. This change of practice has been in part driven by 
an increase in the use of neoadjuvant chemotherapy in 
patients with triple-negative and HER2-positive carcinomas. 
A number of studies documented high concordance between 
the results of ER, PR, and HER2 status assessed in the inva-
sive carcinoma in the core needle biopsy samples and in the 
paired surgical excision specimens [172–181]. The current 
ASCO/CAP guidelines for HER2 testing recommend routine 
evaluation of HER2  in the carcinoma in the needle core 
biopsy specimen and to repeat the HER2 assessment in the 
excision specimen if any “histopathologic discordance” is 
noted [98]. Possible scenarios of “histopathologic discor-
dance” include:

 1. The initial HER2 test is positive, and the invasive carci-
noma is grade 1 invasive ductal or lobular carcinoma, ER 
and PR-positive, or the invasive carcinoma is at least 90% 
pure of the special histologic subtypes such as tubular, 
mucinous, cribriform, and adenoid cystic carcinoma. A 
new HER2 test should be ordered on the basis of these 
criteria. 

 2. A new HER2 test may be ordered on the excision speci-
men if one of the following is observed: The initial HER2 
test is negative, and the tumor is grade 3; or if the amount 
of invasive carcinoma in the core biopsy is small, the 
resection specimen contains high-grade carcinoma that is 
morphologically distinct from that in the core; or core 
biopsy result is equivocal for HER2 by both immunohis-
tochemistry and in situ hybridization [98].

Some investigators, however, reported that repeat HER2 test-
ing based on grade 3 histology alone had limited impact 
[180, 181]. In a study comparing the HER2 results of 400 
carcinomas that had been tested both using the core biopsy 
material and the subsequent excision specimen [180], 8/400 
(2%) cases were found to be discordant. Further analysis of 
the discordant cases showed that the policy of retesting 
HER2 status in grade 3 carcinomas found to be HER2- 
negative in the needle core biopsy specimen would have 
identified only one false HER2-negative carcinoma out of 
the 116 tumors that were retested [180]. Prendeville et al. 
assessed the rate of HER2 discordance in the surgical exci-
sion specimen with grade 3 invasive carcinomas that were 

HER2-negative in the core biopsy material [181] and found 
a 97% concordance rate among 100 grade 3 invasive carcino-
mas that were HER2-negative in the needle core biopsy 
[181]. The three discordant cases had equivocal HER2 
results by immunohistochemistry (IHC) and low level of 
amplification by dual in situ hybridization (ISH) [181].

In post-neoadjuvant systemic therapy specimens, retest-
ing ER, PR, and HER2 status is not recommended for any of 
the marker positive in the pretreatment core biopsy material 
[6], but should be performed if the biomarker status is 
unknown, or retesting is required as part of a clinical trial 
protocol [6]. Retesting should be considered for negative or 
equivocal results in the pretreatment core biopsy sample, if 
there was insufficient invasive tumor for accurate assessment 
on pretreatment core biopsy, or if there is heterogeneous 
tumor or multiple tumors with different morphologies on 
resection [6].

7.7.1.1  ER and PR
ER is expressed in approximately 70% of all invasive breast 
carcinomas. Adjuvant endocrine therapy (i.e., tamoxifen and 
aromatase inhibitors) is highly effective in patients with ER- 
and/or PR- positive carcinoma and will lower the risk of dis-
ease recurrence. Harvey et  al. found that ER status was a 
highly significant predictor of disease-free survival for breast 
cancer patients who received adjuvant endocrine therapy 
either alone or in combination with chemotherapy [182]. In 
this study, ER by IHC was scored using the Allred scoring 
system [183] which is based on the percentage of the tumor 
cells showing positive nuclear staining and the staining 
intensity. ER-positive tumors were defined as having a score 
>2, which corresponds to ≥1% positive nuclear staining of 
any intensity [183]. The same staining cutoff is used for 
PR. According to the ASCO/CAP guidelines, a tumor is con-
sidered ER- or PR-positive if ≥1% of nuclear staining is 
present in tumor cells by immunohistochemistry [97] 
(Fig.  7.42). For ER and PR, the pathology report should 
include the percentage of tumor cells showing positive 
nuclear staining and the staining intensity (weak, moderate, 
or strong). The same scoring system applies also to ER/PR 
evaluation in DCIS.

The selection of antibodies for ER and PR IHC testing 
should be restricted to those recommended by the ASCO/
CAP guidelines, including clones 1D5, 6F11, SP1, and 
1D5+ER2.123 for ER and clones 1A6, 1294, and 312 for PR 
[97]. Positive and negative controls should be included in 
every immunohistochemical staining assay. Normal breast 
epithelium has a heterogeneous staining pattern for ER and 
PR and serves as a valuable internal positive control. In most 
laboratories, an external positive control tissue is also placed 
on the same slide with the index carcinoma. The staining 
should be repeated if the external or internal control tissue 
does not show the expected reactivity.
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7.7.1.2  HER2
HER2 is a member of the human epidermal growth factor 
receptor family. Overexpression or amplification of HER2 
occurs in approximately 15–20% of the primary invasive 
breast carcinoma. Trastuzumab (Herceptin), a monoclonal 
antibody targeting the extracellular domain of the HER2 pro-

tein, is the first anti-HER2 drug approved for the treatment of 
HER2-positive breast cancer. It was approved in 1998 as a 
first-line treatment in combination with chemotherapy for 
HER2-positive metastatic breast cancer [184]. In 2006, the 
FDA expanded the use of trastuzumab for early-stage HER2- 
positive breast cancer after primary therapy. Trastuzumab 
plus chemotherapy significantly improved disease-free sur-
vival and overall survival in women with HER2-positive 
early-stage breast cancer [185, 186]. Other HER2-targeted 
drugs have been approved for the treatment of HER2-positive 
breast cancer, including pertuzumab (Perjeta) [187, 188], a 
monoclonal antibody inhibiting dimerization of HER2 and 
HER3 receptors; lapatinib (Tykerb) [189], a tyrosine kinase 
inhibitor; and trastuzumab emtansine (T-DM1), an antibody 
drug conjugate [190]. These new HER2-targeted drugs are 
now being tested in the adjuvant setting, either alone or in 
dual antibody regimens with trastuzumab.

The HER2 status of invasive carcinoma is used to iden-
tify patients suitable for HER2-targeted therapies. The 
ASCO/CAP guidelines for HER2 testing in breast cancer 
were first issued in 2007 [191] and updated in 2013 
[192] and in 2018 [98]. The 2013 ASCO/CAP guidelines 
lower the HER2-positive threshold by IHC from 30 to 
10% of tumor cells with strong circumferential staining 
and by in situ hybridization (ISH) from HER2/CEP17 
ratio from 2.2 to 2.0. According to the 2018 ASCO/CAP 
guidelines [98], HER2 testing by IHC assay is reported as 
positive (3+) if there is circumferential membrane stain-
ing that is complete and intense in >10% of the tumor 
cells (Fig. 7.43). If the membrane staining is complete but 
weak/moderate in >10% of tumor cells, HER2 staining is 
equivocal (2+), and reflex testing is required [98]. HER2-
negative staining is either 1+ staining (incomplete mem-
brane staining that is faint/barely perceptible in >10% of 
tumor cells) or HER2 0 (no staining observed or incom-
plete membrane staining that is faint/barely perceptible in 
≤10% of tumor cells) [98].

The 2018 ASCO/CAP guidelines [98]revised the HER2 
testing algorithm to address the less common HER2 dual- 
probe ISH scenarios and eliminated the ISH equivocal cate-
gory following the 2013 guidelines.  By dual-probe ISH 
assay, HER2 amplification is defined as HER2/CEP17 ratio 
≥2.0 and the average HER2 copy number ≥4.0 signals per 
cell (ISH Group 1) [98] (Fig. 7.44). HER2/CEP17 ratio <2.0 
and  average HER2 copy number <4.0 signals per cell is 
interpreted as negative (ISH Group 5) [98]. For the less com-
mon HER2 dual-probe ISH groups, concomitant IHC review 
is required. If HER2 IHC is 3+, the diagnosis is HER2 posi-
tive. If HER2/CEP17  ratio is ≥2.0 but the average HER2 sig-
nals per cell is <4.0 (ISH group 2), and the concurrent HER2 
IHC is 0-1+ or 2+, the diagnosis is HER2 negative. If HER2/
CEP17  ratio is <2.0 but the average HER2 signals per cell is 
≥6.0 (ISH group 3), and the concurrent HER2 IHC is 2+ or 
3+, the diagnosis is HER2 positive. If HER2/CEP17  ratio is 
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Fig. 7.42 Immunohistochemical stain for ER and PR in invasive duc-
tal carcinoma. (a) H&E; (b) ER; (c) PR
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<2.0 but the average HER2 signals per cell is ≥4.0 and <6 
(ISH group 4), and the concurrent HER2 IHC is 0-1+ or 2+, 
the diagnosis is HER2 negative (formerly HER2  ISH 
equivocal). 

Although HER2 activation in breast cancer is mainly 
through HER2 gene amplification, recent studies have dis-
covered HER2-activating mutations as an alternative mecha-
nism to activate HER2 in breast cancer [193]. Bose and 
colleagues analyzed data from 8 breast cancer genome- 
sequencing projects and identified 25 patients with HER2 
somatic mutations, mostly in HER2 gene amplification nega-
tive breast cancer [114, 193]. In 17 of the 25 patients, HER2 
mutation occurred in the kinase domain. Functional analysis 

of 13 HER2 somatic mutations revealed 7 of these are acti-
vating mutations, including G309A, D769H, D769Y, V777L, 
P780ins, V842I, and R896C [193]. HER2 mutations are 
enriched in invasive lobular carcinoma, especially those with 
high-grade, non-classic histology [116]. Sequencing analy-
sis of 75 relapsed invasive lobular carcinomas identified 
HER2 mutations in 18% of the cases [194]. These mutations 
can be potentially actionable with tyrosine kinase 
inhibitors.

7.7.2  Ki67

Ki67 is a cell proliferation marker and has been shown to 
be a prognostic factor in breast cancer [195–199]. Cheang 
and colleagues described a four-biomarker immunopanel 
(ER, PR, HER2, Ki67) to identify luminal A and luminal B 
breast cancers defined by gene expression profiling [197]. 
Both luminal A and luminal B subtypes are ER- and/or 
PR-positive, HER2-negative. Ki67 index of 14% was used 
as the cutoff to distinguish between luminal A and luminal 
B subtypes, luminal A subtype as being Ki67 index <14% 
and luminal B subtype as being Ki67 index ≥14% [197]. 
Luminal B tumors  are associated with increased risk for 
recurrence and death from breast cancer as compared with 
luminal A tumors [197].

Despite evidence that Ki67 is a valuable prognostic 
marker, assessing Ki67 by IHC has not become routine 
clinical practice because of the lack of reproducibility 
across laboratories. An International Ki67  in Breast 
Cancer Working Group proposed guidelines for the analy-
sis and reporting of Ki67 [200]. Although these guidelines 
aimed to minimize pre-analytic, analytic, and post-ana-
lytic variabilities, a subsequent Ki67 reproducibility study 
conducted by the same group of investigators observed 

a b

Fig. 7.43 Immunohistochemical stain for HER2 (a) H&E; (b) HER2 3+ staining is a complete and strong membranous staining in >10% of the 
neoplastic cells

Fig. 7.44 In situ fluorescent hybridization for FISH shows HER2 
amplification. The green dots identify the gene for the centromere of 
chromosome 17 (CEP17). Each red dot corresponds to a copy of the 
HER2 gene. In each of the three tumor cells shown, the ratio of the 
HER2 gene copy number divided by the number of the CEP17 is greater 
than 2 (2.7 ratio)
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large variation among laboratories in the assessment of 
Ki67 [201]. In addition, Ki67 is a continuous variable, and 
the cutoff values to distinguish “Ki67 high” from “ki67 
low” varied among studies. The lack of a validated cutoff 
value further limits the clinical utility of Ki67 assessment. 
The current ASCO clinical practice guidelines do not rec-
ommend the use of Ki67 index by IHC to guide choice on 
adjuvant chemotherapy or endocrine therapy [202].

7.7.3  Androgen Receptor

Androgen receptor (AR) is frequently expressed in breast 
cancer. AR positivity was reported in 60–80% of breast 
cancer in various studies [203–208]. The majority (over 
90%) of the ER-positive breast cancers are also positive 
for AR [206, 207]. AR is positive in 10–36% of triple-
negative breast cancers (ER-negative, PR-negative, 
HER2-negative) by immunohistochemistry [206–208]. 
Farmer et al. described a “molecular apocrine” group of 
breast cancer by gene expression profiling analysis, char-
acterized by AR positivity and ER negativity [209]. The 
“molecular apocrine” group is significantly associated 
with apocrine histology [209]. Lehmann et al. described 
six subtypes in triple-negative breast cancer by gene 
expression profiling [210]. Luminal androgen receptor 
(LAR) is one of the distinct subtypes [210]. Tumors in the 
LAR subtype have high levels of AR mRNA and protein 
expression and display luminal gene expression patterns 
[210]. Although the incidence of AR positivity is lower in 
triple-negative breast cancer than in ER-positive breast 
cancer, it’s of greater clinical significance in triple-nega-
tive breast cancer, because patients with triple-negative 
breast cancer do not benefit from conventional endocrine 
therapy. A phase II study investigated the effects of bicalu-
tamide, an AR antagonist in patients with AR-positive, 
ER-/PR-negative metastatic breast cancer [211]. Of 424 
patients with ER-/PR-negative breast cancer, 12% tested 
AR-positive, defined as greater than 10% nuclear staining 
in tumor cells by immunohistochemistry [211]. The study 
observed a 6-month clinical benefit rate of 19% [211]. 
The drug was well-tolerated with no grade 4/5 treatment-
related adverse events. It is therefore important to include 
AR immunohistochemistry as part of routine testing in 
triple-negative breast cancer, to identify a subset of 
patients with triple-negative breast  cancer that might ben-
efit from anti-AR therapy. However, currently, there are 
no FDA-approved standard reagents for AR immunohisto-
chemistry and no guideline recommendations for AR test-
ing and standard cutoff value for AR positivity. Some 
studies applied the 1% threshold similar to the ASCO/
CAP guidelines for ER/PR positivity, while other studies 
used 10% cutoff.

7.7.4  Multigene Assays

In the past decade, several multigene assays have been devel-
oped and showed prognostic value in patients with early- 
stage breast cancer, such as the 21-gene recurrence score 
(Oncotype Dx™, Genomic Health, Redwood City, CA) 
[212], the 70-gene assay (Mammaprint™, Agendia, 
Amsterdam, the Netherlands) [213], and the prediction anal-
ysis of microarray 50 (PAM50) (Prosigna™, NanoString 
Technologies, Seattle, WA) [214, 215]. The 21-gene recur-
rence score assay has been validated for its use as a prognos-
tic test to qualify the risk of distant recurrence as well as in 
predicting benefit of adjuvant chemotherapy [212, 216]. The 
American Society of Clinical Oncology and National 
Comprehensive Cancer Network (NCCN) currently include 
the Oncotype Dx recurrence score in their recommendations 
for patients with early-stage ER-positive, HER2-negative 
breast cancer [202, 217].

Oncotype Dx is a multigene assay that estimates the 
likelihood of distant recurrence at 10 years and chemo-
therapy benefit in patients with early-stage, node-nega-
tive, ER-positive, HER2-negative breast cancer treated 
with tamoxifen [212]. The assay analyzes the expression 
of a panel of 21 genes by RT-PCR, including 16 cancer-
related genes and 5 reference genes [212]. The recurrence 
score (RS), ranging from 0 to 100, is calculated from the 
gene expression results using the prospectively defined 
algorithm. Five of the 16 cancer-related genes are prolif-
eration genes including Ki67. The score of the prolifera-
tion group, together with the scores of hormone receptors, 
is heavily weighted in the score algorithm. The recurrence 
score is classified into three categories: low risk (RS < 18), 
intermediate risk (RS 18–30), and high risk (RS ≥  31) 
[212]. The prognostic value of the assay and prediction of 
chemotherapy benefit in patients with stage I–II, node-
negative, ER-positive breast cancer treated with 5 years of 
tamoxifen were validated by retrospective analysis of 668 
samples from the NSABP B-14 study and 651 samples 
from the NSABP B-20 study [212, 216]. Analysis of a 
subset of patients in the SWOG 8814 trial found that the 
predictive and prognostic value of Oncotype DX recur-
rence score also applies to patients with ER-positive, 
node-positive breast cancer [218]. A prospective study, 
the Trial Assigning Individualized Options for Treatment 
(Rx) (TAILORx), was designed to determine chemother-
apy benefit in patients with node-negative, ER-positive, 
HER2- negative breast cancer and recurrence score in the 
intermediate risk group [219]. Initial results of TAILORx 
confirm an extremely low risk of recurrence in patients 
with RS 0–10, with 99.3% of patients free from distant 
recurrence of breast cancer at 5  years [220]. The latest 
results of the TAILORx study showed no benefit from 
adding chemotherapy to endocrine therapy for women 
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with intermediate recurrence score (11-25), especially for 
those older than 50 years of age [221]. At a median fol-
low-up of 7.5 years, endocrine therapy was noninferior to 
chemotherapy plus endocrine therapy in the analysis of 
invasive-disease free survival. In women 50 years or 
younger with a recurrence score 16-25, there is a small 
benefit from chemotherapy [221]. The recurrence score 
cutoff values for low risk (0–10) and intermediate risk (11-
25) used in TAILORx trial are substantially different from 
those previously defined [212, 220, 222]. Use of the 
Oncotype Dx assay significantly impacts adjuvant chemo-
therapy recommendations in node-negative, ER-positive, 
HER2-negative, breast cancer patients, resulting change 
of treatment recommendations in about 30% of the 
patients [223–227]. The recurrence score is incorporated 
in breast cancer staging in the 8th edition of the American 
Joint Commission on Cancer (AJCC) staging 
guidelines [84].
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8.1  Introduction

Breast cancer is a complex and heterogeneous disease where 
tumors of the same apparent prognostic type can vary widely 
in their responsiveness to therapy and survival rates. 
Traditionally the classification of breast cancer is performed 
based on clinical-histopathological parameters, such as age, 
tumor size, histological grade, lymph node status and by the 
analysis of estrogen (ER), progesterone (PR), and human 
epidermal growth factor 2 (HER2) receptors expression. The 
evaluation of these combined factors has been widely used in 
clinical practice and formed the basis to classify patients into 
various risk categories such as the St. Gallen criteria [1] and 
the Nottingham Prognostic Index [2]. However, the markedly 
extensive breast cancer heterogeneity combined with the 
lack of reliable predictive factors among these categories 
limits their ability to distinguish subtle phenotypic differences 
that may present relevant therapeutic implications.

With the extraordinary advances obtained with high- 
throughput microarray platforms, genome-wide 
methodologies have been widely employed to molecularly 
classify breast cancer. The pioneer studies, based on gene 
expression profiling, have showed that gene expression 
patterns can classify breast tumors into different subtypes, 
known as “intrinsic” subtypes, representing a significant 
improvement over the traditional methods of tumor 
classification [3, 4]. Subsequent refining of these intrinsic 
subtypes have led to the identification of subgroups within 
each and across these subtypes as well as the identification of 
novel ones, with corresponding clinical implications in 
treatment response [for review, see [5, 6]]. In addition, with 

the recent integration of multiomics data, more comprehen-
sive breast cancer signatures with distinct copy number, 
metabolomics, methylation, gene expression, microRNA, 
and protein expression patterns [7, 8] have emerged. As 
results of these studies, several prognostic gene signatures 
have been proposed to predict clinical outcome and custom-
ize therapy, including the ones based on immune response 
genes, such as the programmed death receptor 1 (PD-L1) 
and its associated pathways [9].

In this chapter, we will discuss some of these molecular 
signatures and its significant roles in providing new insights 
into breast cancer classification and in assessing patient’s 
prognosis and defining therapy.

8.2  Molecular Classification

8.2.1  The Gene Expression “Intrinsic” 
Subtypes

Genome-wide studies, using microarray hybridization meth-
ods, have allowed the analysis of the DNA copy-number 
changes or gene expression of thousands of genes in one 
single experiment in a given tumor sample [10–12]. These 
methodologies revealed at the molecular level the complex-
ity of the notable breast cancer heterogeneity [13–15], as 
clearly demonstrated by the large variation in the gene 
expression patterns.

The pioneer study described by Perou et  al. [3], using 
gene expression analysis, sets the basis for the current 
molecular classification of breast tumors known as the 
“intrinsic” molecular subtypes. These authors performed 
cDNA microarray analysis in a set of normal and malignant 
human breast tissues from 42 individuals. Using a hierarchi-
cal clustering method, the samples were clustered into four 
molecular subtypes according to differences in their gene 
expression profiles (of 1753 genes): luminal, normal breast- 
like, HER2, and basal-like. In a very simplistic description, 
luminal tumors were characterized by high expression of 

8

L. R. Cavalli () 
Lombardi Comprehensive Cancer Center, Georgetown  
University Medical Center, Washington, DC, USA
e-mail: lrc@georgetown.edu 

I. J. Cavalli 
Genetic Department, Federal University of Parana,  
Curitiba, PR, Brazil
e-mail: cavalli@ufpr.br



130

hormone receptors and associated genes; normal breast-like 
cancers were defined by poorly characterized tumors; HER2 
subtypes presented high expression of HER2 and other genes 
located in the 17q amplicon and low expression of ER and 
associated genes; and basal tumors presented high expres-
sion of basal epithelial genes, basal cytokeratins and epider-
mal growth factor receptor (EFGR), and low expression of 
ER and associated genes. Morphological and immunohisto-
chemical features of basal-like cancers were similar to those 
described for tumors arising in BRCA1 germline mutation 
carriers [16–19].

In subsequent larger studies from the same group, it was 
demonstrated that the luminal subtype could be further 
divided into at least two subgroups (luminal A and B) [4, 20, 
21] each with different gene expression profiles and different 
prognosis (Fig. 8.1). Luminal A tumors presented high levels 
of expression of ER-activated genes and low proliferation 
rates and were associated with a good prognosis, whereas 
luminal B tumors were more often of higher histological 
grade and presented higher proliferation rates and a worse 
prognosis. This initial molecular taxonomy has been vali-
dated in several other studies, which also identified few less-
defined subtypes, including the interferon-rich, molecular 
apocrine and claudin-low tumors [20–28]. The complete 
molecular characterization and the clinical implications of 
these less-defined subtypes are not yet fully identified and/or 
known.

Extensive work has been additionally performed for a 
more refinement of the molecular classification of the triple- 
negative breast cancer (TNBC) tumors. In a seminal study by 
Lehmann’s group [29], this breast cancer subtype was fur-
ther subdivided by gene expression analysis into six TNBC 
subtypes (and one unstable group (UNS): basal-like 1 (BL1), 
basal-like 2 (BL2), immunomodulatory (IM), mesenchymal 
(M), mesenchymal stem-like (MSL), and luminal androgen 

receptor (LAR)). These subtypes present molecular altera-
tions that target specific cellular processes and signaling 
pathways; the BL1 subtype is characterized by expression 
alterations of genes involved in cell cycle and DNA damage 
response, such as the ones affecting the ATR/BRCA path-
ways; the gene expression patterns of the BL2 subtype 
impact growth factor signaling (e.g., EGF, IGFR1, and 
WNT), glycolysis/gluconeogenesis, and the expression of 
myoepithelial markers. The IM subtype targets immune-reg-
ulatory pathways (e.g., cytokines) and presents gene expres-
sion patterns representative of both the tumor cells and 
infiltrating lymphocytes. Both M and MSL subtypes share 
elevated expression of genes involved in epithelial-mesen-
chymal transition (EMT), cell motility, and growth factor 
pathways (e.g., TGF-beta-, EMT-, IGF-, and PDGF-related 
markers). The MSL subtype, however, presents decrease 
expression of genes involved in proliferation, which is 
accompanied by the expression of genes associated with 
stem cells. The LAR subtype is characterized by luminal 
gene expression and is driven by the androgen receptor (AR). 
Other independent studies have been performed for the sub-
classification of TNBC subtypes using, in addition to gene 
expression, an integration of several other genome-wide 
molecular analysis [see below: [30–32]].

The five major molecular breast cancer subtypes identi-
fied in the initial gene expression studies cited above differ 
not only with regard to their pattern of gene expression and 
clinical features but also to the response to treatment and 
clinical outcome [21, 33–37]. Patients with luminal tumors 
respond well to endocrine therapy; however, luminal A and 
B tumors respond differently in response to the type of the 
endocrine agent used (tamoxifen or aromatase inhibitors) 
and also present a variable response to chemotherapy [38–
41]. Patients with luminal A tumors present with an overall 
good prognosis with a 5-year survival rate of approximately 

Fig. 8.1 Breast cancer classification into five molecular subtypes. 
Hierarchical clustering of 115 tumor tissues and 7 nonmalignant tissues 
using the “intrinsic” gene set. Experimental dendrogram showing the 
clustering of the tumors into five subgroups. Branches corresponding to 

tumors with low correlation to any subtype are shown in gray. Source: 
Sorlie et al., PNAS U.S.A. 100(14):8418-23, 2003. Copyright (2003) 
National Academy of Sciences, U.S.A.
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90%. Patients with HER2-amplified tumors respond to the 
trastuzumab antibody monoclonal therapy and to anthracy-
cline-based chemotherapy; however, they generally present 
poor prognosis, and their 5-year survival rate can be as low 
as 20% [42, 43]. Finally, patients with the basal-like tumor 
subtype present no response to endocrine therapy or trastu-
zumab; however, they can be sensitive to platinum- based 
chemotherapy and PARP (poly (ADP-ribose) polymerase 1) 
inhibitors [44–46]. These tumors are especially common in 
African-American women and generally confer poor prog-
nosis [47, 48]. Interestingly in the neoadjuvant setting, the 
intrinsic subtypes have also been found to present different 
responses to treatment. The pathological complete response 
(pCR) rates to the standard chemotherapy based on anthracy-
cline and taxane were approximately 7% for luminal A, 17% 
for luminal B, 36% for HER2-positive, and 43% for basal-
like subtype [41]. In the subclassification of TNBC into six 
different subtypes described above [29], distinct cytotoxic 
effects of chemotherapeutic agents were also observed, 
showing the markedly heterogeneity of these tumors in rela-
tion to treatment response and the impact of gene expression 
profiles in conferring distinct outcomes in TNBC patients 
[for review, see [6, 37]]. More recently, the initial six TNBC 
molecular subtypes proposed were reduced into four tumor-
specific subtypes: BL1, BL2, M, and LAR [49]. In this study, 
neoadjuvant chemotherapy response was evaluated in over 
300 retrospective cases of TNBC subtyped using the molecu-
lar classification and demonstrated that the response to simi-
lar neoadjuvant chemotherapy varied significantly among 
the subtypes: 41% of BL1 patients achieved a pCR compared 
to 18% for BL2 and 29% for LAR.

To study the utility of the major breast cancer subtypes in 
breast tumor classification, a total of 189 breast tumors 
across 1906 “intrinsic” genes were initially analyzed by 
Parker et al. [39]. These authors identified a set of 50 genes 
that were further validated and compared for reproducibility 
of classification across different prediction methods and dif-
ferent patient cohorts. This analysis profiled by qRT-PCR 
(quantitative real-time PCR) a total of 122 breast cancers 
from the 189 individuals into the “intrinsic” subtypes lumi-
nal A, luminal B, HER2-positive, basal-like, and normal-
like. Due to its high reproducibility a standardized method of 
classification was developed, the PAM (Prediction Analysis 
of Microarray) 50 Breast Cancer Intrinsic Classifier test, 
which is commercially available (Renamed Prosigna Breast 
Cancer Prognostic Gene Signature Assay) [50]. The PAM50 
assay offers the measurement of the expression level of 55 
genes (50 classifier genes and 5 housekeepers) and is recom-
mended for all patients diagnosed with invasive breast can-
cer, regardless of tumor stage or ER status.

The gene expression intrinsic subtypes are endorsed by 
the St. Gallen international expert consensus panel since 
2011 [51–53]; however, a simplified clinicopathological 

classification, which defines subtypes based on the immuno-
histochemical analysis of ER, PR, and HER2 receptors sta-
tus and the Ki-67 cell proliferation marker, similar to what 
was proposed by Cheang et al. [38] is adopted (Table 8.1). 
The breast cancer subtypes defined by this classification are 
similar but not identical to the five intrinsic subtypes and rep-
resent a convenient approximation that can be performed in 
considerably less expensive and less complexes assays. In 
general, the therapy recommendations for this classification 
follow the “intrinsic” subtype classification: luminal A tumor 
patients generally require only endocrine therapy, consider-
ing that they are mostly less responsive to chemotherapy; 
luminal B patients, in addition to endocrine therapy, should 
receive chemotherapy (of both anthracycline- and taxane-
based); HER2-positive tumors should receive chemotherapy 
and 1 year of treatment with trastuzumab; and triple-negative 
tumors should be treated with chemotherapy (also anthracy-
cline- and taxane-based in addition to an alkylating agent 
(typically cyclophosphamide). The St. Gallen panel recog-
nizes that the precise identification of intrinsic subtypes is 
based on molecular markers, which can provide the appro-
priated choices of treatment; however, where such assays are 
unavailable, the surrogate definitions of breast cancer sub-
types by the IHC measurements described above should be 
used [51–53].

8.2.2  MicroRNA- and DNA Methylation-Based 
Breast Cancer Subtypes

MicroRNAs (miRNAs) are a class of noncoding endogenous 
RNA molecules, with approximately 22 nucleotides, that 
have been identified to play a role in several types of cancers, 

Table 8.1 Intrinsic and IHC subtypes and type of treatment recom-
mended (since St. Gallen conference, 2011)

Intrinsic 
subtype

IHC 
subtype Definition Type of treatment

Luminal A Luminal A HER2 positive
Ki67 low

Endocrine therapy 
alone

Luminal B Luminal B
(HER2 
negative)

HER2 negative
ER positive
PR positive
Ki67 high

Endocrine 
therapy ± cytotoxic 
therapy

Luminal B
(HER2 
positive)

HER2 positive
ER positive
PR positive

Cytotoxics + anti- 
HER2 + hormonal 
therapy

Erb-B2 
overexpression

HER2 
positive

HER2 positive
ER negative
PG negative

Cytotoxics + anti-
HER2 therapy

Basal-like Triple 
negative

HER2 negative
ER negative
PR negative

Cytotoxic therapy

Table modified from Goldrisch et al. [51] and Perou et al. [3]
ER estrogen receptor, PR progesterone receptor, HER2 epidermal 
growth factor receptor 2, ki-67 protein Ki-67
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including breast cancer [54]. These molecules regulate a 
range of critical cellular processes associated with tumori-
genesis, including proliferation, cell-to-cell signaling, cell 
death, migration, and invasion [55]. This regulation occurs 
through the interaction of their target genes. One miRNA can 
interact with multiple targets, and one gene can be controlled 
by multiple miRNAs [56]. More than 60% of all protein-
coding genes have conserved miRNA binding sites in their 
3′UTR region, which affords them the possibility of control 
by their respective miRNAs [57]. Interestingly, miRNAs are 
usually located in cancer-associated gene regions [58]. 
miRNAs that act in the cancer process can present an 
oncogenic (oncomiR) or tumor-suppressive (tumor sup-
pressor miR) function. OncomiRs are frequently upregu-
lated in cancer, where they target tumor suppressor genes 
for degradation and promote cancer cell growth; tumor 
suppressor miRs on the other hand are usually downregu-
lated in cancer, targeting oncogenes for degradation, and 
have an antitumor function [59].

A number of differentially expressed miRNAs are 
observed among the breast cancer subtypes, as evaluated in 
both cell line models and clinical cases [60–65]. Blenkiron 
et al. [60] assessing the expression of 309 human miRNAs in 
93 breast cancer patients showed that 9 of these miRNAs 
(miR-15b, miR-99a, miR-100, miR-103, miR-107, miR- 
126, miR-130a, miR-136, and miR-146b) could discriminate 
the luminal A from the luminal B breast cancer subtypes. 
Sugita et al. [61] have investigated the TNBC and non-TNBC 
subtypes of patients from African-American and non- 
Hispanic White patients. In both populations, significant dif-
ferentially expressed patterns of miRNAs were observed 
between these subgroups. In the TNBC subtype, most of the 
miRNAs involved were identified to regulate cellular signal-
ing pathways associated with tumor aggressiveness. In this 
study, a panel of 26 miRNAs were able to distinguish the 
TNBC transcriptome of African-American and non-Hispanic 
White patients. This panel was identified based on the inte-
gration of miRNA expression and DNA copy-number change 
analysis. Subsequently, others have proposed specific 
miRNA expression signatures for ER+, PR+, and HER2+ 
tumors [62, 63] with however variable miRNA contents. 
These discrepancies can be attributed to the technical vari-
ables of each of these studies, including the annotation of 
miRNAs investigated, type of specimens utilized (fresh, fro-
zen, or archived material), type of miRNA platforms and 
analysis adopted, as well as variables related to the clinico-
pathological parameters of the tumors. In any event, as in 
gene expression studies, these miRNA expression signatures 
have been shown to present a strong power in discriminating 
the intrinsic molecular breast cancer subtypes.

DNA methylation patterns, as microRNAs, also present 
distinct patterns among the breast cancer subtypes. DNA 
methylation sites were investigated in several studies in 

 relation to their classification power. Bediaga et  al. [66] 
using a panel of 807 cancer-related genes identified specific 
methylation profiles for basal-like, luminal A, and HER2- 
overexpressing breast cancers. Using the same gene panel, 
Holm et al. [67] and Ronneberg et al. [68] classified 189 and 
80 breast cancer samples, respectively, into distinct breast 
cancer subtypes. Interestingly, in these studies, there were 
differences in the epigenetic profile of breast cancer com-
pared to their respective gene expression patterns, which was 
supported by larger studies assessing genome-wide methyla-
tion with the expression of thousands of gene transcripts 
[68]. More recent studies have also identified DNA methyla-
tion signatures associated with hormone receptor status, 
breast cancer subtypes, and TP53 and BRCA mutation status 
[69, 70]. In TNBC in particular, where approximately 
10–20% of TNBCs have BRCA1 mutation, distinct methyla-
tion profiles have been observed in these tumors in compari-
son to TNBCs that are negative for BRCA1 mutations or to 
non-TNBC subtypes [71, 72]. These and other methylation 
patterns across the breast cancer subtypes have also shown to 
impact response to chemotherapeutic agents and disease-free 
survival [73–75].

8.2.3  Multiomics Integrated Signature-Based 
Breast Cancer Subtypes

The integration of multiple distinct “omics” signatures to 
intrinsically subtype breast cancer has been more recently 
proposed. The assumption is that the simultaneous measure-
ment of multiple types of biomarkers is likely to provide 
more accurate classification than that obtained with a single 
type. One of the most comprehensive molecular integration 
studies was performed by The Cancer Genome Atlas Project 
(TCGA) [7]. In this large project network, more than 800 
primary breast cancers were profiled at the DNA (i.e., meth-
ylation, chromosomal copy-number changes, and somatic 
and germline mutations), RNA (i.e., miRNA and mRNA 
expression), and protein (i.e., protein and phosphor-protein 
expression) levels, using the most recent technologies [7]. 
The integration of the data from these platforms classified 
these tumors into four major breast tumor subgroups, lumi-
nal A, luminal B, HER2 positive, and triple negative, each 
with significant molecular heterogeneity, which captures the 
biological diversity and complexity within and across the 
breast cancer subtypes. Independently, a study conducted by 
Curtis et al. [8] described an integrated genomic/transcrip-
tomic analysis of breast cancers with long- term clinical out-
comes from the METABRIC (Molecular Taxonomy of 
Breast Cancer International Consortium) patients’ cohort. 
Unsupervised clustering analysis of paired DNA-RNA pro-
files revealed novel subgroups with distinct clinical out-
comes, based on the presence of specific copy- number 
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alterations (CNAs) affecting mainly chromosomes 5, 8, 11, 
and 17 and gene mutations, such as the ones affecting the 
known driver cancer genes KRAS, EGFR, CDKN2B, BRCA2, 
RB1, ATM, and SMAD4.

Additional integrated genomic analyses have also revealed 
intra-subtypes molecular signatures [75–80]. In the study 
performed by Ciriello et  al. [76], where it was performed 
computational integrated analysis using genomic data from 
over 1000 luminal A tumors, distinct signatures based on the 
integration of copy-number and somatic mutations in this 
tumor subtype were observed. These subgroups presented 
different clinical prognosis, including response to endocrine 
therapy. New comprehensive genomic analyses were also 
performed for TNBC tumors [31, 32, 78, 81, 82]. In the anal-
ysis conducted by Burstein [31] four stable distinct TNBC 
subtypes: (1) luminal androgen receptor (AR; LAR), (2) 
mesenchymal (MES), (3) basal-like immunosuppressed 
(BLIS), and (4) basal-like immune-activated (BLIA) with 
distinct prognosis were observed by integrating copy-num-
ber and gene expression profiling. Unique subtype-specific 
gene amplifications were observed in these subtypes, with 
CCND1, EGFR, FGFR2, and CDK1 amplified in the LAR, 
MES, BLIS, and BLIA subtypes, respectively. Also, distinct 
prognosis was observed, with the BLIS and BLIA subtypes 
presenting the worst and best prognoses, respectively (inde-
pendently of other known prognostic factors).

Collectively, these studies have confirmed, refined, and/or 
identified novel breast cancer subtypes as determined by the 
different subsets of genetic and epigenetic abnormalities. 
The utilization of these integrated molecular tools, with 

 further combination with pathology and epidemiology fac-
tors, is critical to better understand the heterogeneous and 
complex biology of the breast cancer subtypes, which is 
reflected in their diverse clinical behavior, which directly 
impacts response to treatment, disease progression, and 
overall survival.

8.3  Prognostic Gene Expression 
Signatures

In the daily management of breast cancer, the selection of the 
most appropriate treatment for an individual patient remains 
a challenge, despite the excellent assistance of the estab-
lished therapy guidelines such as the St. Gallen [52], National 
Institutes of Health (NIH) [83], American Society of Clinical 
Oncology [84], and others. The ability to identify breast can-
cer patients with either a very high or very low risk of recur-
rence, who would need adjuvant systemic therapy from those 
who could be spared from such type of treatment is critical. 
The power of making this distinction at the time of diagno-
sis, from the analysis of the patient’s primary tumor, would 
substantially improve breast cancer survival.

Several multigene signatures that predict outcome and 
response to therapy in breast cancer have been developed 
through the data obtained from gene expression profiling [for 
review, see [5–9, 84, 85]] (Table 8.2). In these studies, major 
prognostic factors, such as lymph node status or estrogen 
receptors, were addressed and have allowed that subgroups 
of tumors with a very distinct clinical outcome that could not 

Table 8.2 Most common prognostic gene expression breast cancer signatures commercially available

Gene 
expression 
signatures Patient population Prediction Number of genes Material Assay Company
Oncotype Dx ER positive/negative

LN negative
Tamoxifen treated

Risk of recurrence 
(RR)

21 genes FFPE RT-PCR Genomic Health
(Redwood City, CA, USA)

MammaPrint ER positive/negative
LN negative
Tumor size <5 cm
Age <61 years

Risk of distant 
metastasis

70 genes Frozen Microarray Agendia
(Huntington Beach, CA)
(Amsterdam, the Netherlands)

PAM50 
(Prosigna)

LN negative
ER positive/negative
No systemic therapy

Risk of relapse 
(ROR)

55 genes Frozen/
FFPE

Microarray/
nCounter

Nanostring Technologies—nCounter 
format (Seattle, WA, USA)

MapQuant DX ER positive/negative
LN positive/negative

Molecular grading 97 genes Frozen/
FFPE

Microarray Ipsogen
(New Haven, CT, USA)
(Marseilles, France)

Breast Cancer 
Index

ER positive
LN negative

Risk of late 
recurrence
Response to 
endocrine therapy

Two-gene 
HOXB13:IL17R 
molecular grade 
index (MGI)

FFPE RT-PCR BioTheranostics
(San Diego, CA, USA)

ER estrogen receptor, LN lymph node, FFPE formalin-fixed paraffin-embedded, qRT-PCR quantitative real-time PCR
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be predicted by the conventional prognostic factors were dis-
tinguished in the analysis of the patient’s primary tumors. 
The main objective in most of these studies was to predict 
which patients would benefit from a more aggressive treat-
ment from the ones that would be unlikely to respond and 
therefore not present a significant survival benefit.

Vant’veer et al. [86], one of the pioneers of these studies, 
proposed a prognostic gene signature to identify a group of 
good prognosis patients with minimal risk of development of 
distant metastasis within 5 years after diagnosis. The expres-
sion of 25,000 genes were analyzed in primary breast tumors 
and a set of 70 genes with differential expression profiles, 
separated the patients into two categories, “poor” and “good” 
signature groups, based on their risk of developing distant 
metastasis. Among the genes that were upregulated in the 
poor signature group were genes involved in the cell cycle, 
angiogenesis, invasion and metastasis, and signal transduc-
tion, such as CYCLIN E2, MCM6, MMP9, MP1, RAB6B, 
PK428, ESM1, and the VEGF receptor FLT1. Subsequent 
studies confirmed the reproducibility of the initial 70-gene 
signature as a predictor of outcome independently of tradi-
tional clinical-histopathological prognostic markers [87–91]. 
This validation analysis let to the development of the com-
mercial test MammaPrint developed by the company 
Agendia (Amsterdam, the Netherlands). This test is approved 
by the Food and Drug Administration (FDA) to predict the 
risk of recurrence within 10 years after diagnosis of stage I or 
stage II breast cancer that is hormone receptor-positive or 
hormone receptor- negative. This signature was evaluated in 
a large clinical trial, the MINDACT (Microarray In Node-
negative and 1–3 positive lymph node Disease may Avoid 
Chemotherapy Trial), which is performed in breast cancer 
patients with ER-positive, lymph node-negative disease with 
long-term follow-up and known clinical outcome [92]. The 
primary endpoint of this trial was to test its robustness and 
clinical applicability in identifying patients that could be 
spared from the use of chemotherapy without affecting the 
survival outcome. The primary statistical test was conducted 
on patients deemed clinically high risk but genomically low 
risk who were randomized not to receive chemotherapy. The 
5-year distant metastasis-free survival for this group was 
close to 95%. MINDACT was underpowered to determine 
whether chemotherapy is beneficial in patients who had dis-
cordant test results [93].

The other prognostic signature also commercially avail-
able is the Oncotype Dx (Genomic Health Inc., Ca). This 
assay was developed based on the identification of 250 
selected genes with different expression profiles [94–96], 
initially tested in patients from the National Surgical 
Adjuvant Breast and Bowel Project (NSABP B-20) clinical 
trial [97]. After statistical analysis and clinical validation, 21 
genes (16 cancer-related genes and 5 reference genes) were 
selected, and their expression analysis was translated into a 

“recurrence score (RS)” which was then used to assign the 
patients into 1 of 3 groups, based on the risk of developing 
distant metastasis: low risk (RS <18), intermediate risk (RS 
≥18 and <31), and high risk (RS ≥31) [98]. This validation 
study was performed in lymph node-negative, ER-positive 
breast cancer patients who were treated with tamoxifen in 
the large, multicenter NSABP B-14 trial [99]. Subsequent 
studies have demonstrated its clinical utility as an indepen-
dent prognostic parameter in ER and lymph node-positive 
patients that received adjuvant chemotherapy [100] and also 
in postmenopausal patients with ER-positive tumors that 
were treated with aromatase inhibitors [101]. An ongoing 
large prospective clinical trial, the TAILORX (Trial 
Assigning IndividuaLized Options for Treatment (Rx)), is 
further testing the clinical utility of the Oncotype Dx with the 
primary endpoint of accessing whether adjuvant chemother-
apy plus hormonal therapy presents a better outcome when 
compared to hormonal therapy alone in patients that present 
a low and intermediate score (RS between 11 and 25) [102]. 
The most recent results from this trials have shown that 
women with low score present very low 5-year recurrence 
rates when only treated hormone therapy [103].

Contrary to the MammaPrint, which is performed by a 
microarray assay in frozen tumor tissue samples, the 
Oncotype Dx can be performed by real-time (RT)-PCR in 
formalin-fixed paraffin-embedded (FFPE) samples, not 
requiring therefore the highest-quality RNA material. The 
Oncotype Dx prognostic test has been endorsed by the 
American Society of Clinical Oncology [84] for clinical use 
and is included in the National Comprehensive Cancer 
Network guidelines and St. Gallen International Expert 
Consensus [51–53]. The recommendation for its use is lim-
ited to newly diagnosed patients with lymph node- negative, 
ER-positive breast cancer that were treated with tamoxifen.

The PAM50 multigene gene expression-based assay, 
described above as an “intrinsic” subtype classification 
assay, is also used to predict prognosis. This assay is com-
mercially available by the name of Prosigna Breast Cancer 
Prognostic Gene Signature Assay (Nanostring, Inc.) [50] and 
was approved by the FDA in 2013. It is applicable to post-
menopausal patients with invasive breast cancer stage I or 
stage II and lymph node negative and stage II with one to 
three positive nodes, who are hormonal positive and have 
been treated with surgery and hormonal therapy. It estimates 
distant recurrence, after 10 years of diagnosis, based on a 
risk of recurrence (ROR) score, which ranges from 0 to 100: 
node-negative cancers are classified as low (0–40), interme-
diate (41–60), or high (61–100) risk, and node- positive can-
cers are classified as low (0–40) or high (41–100) risk. This 
assay is now included in the St. Gallen guidelines [53].

Several other prognostic signatures were developed, such 
as the MapQuant Dx (Ipsogen, Marseille, France), a microar-
ray-based assay originally based on 97 differentially 
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expressed genes, which was validated as strongly associated 
with risk of recurrence among patients with grade 2 tumors 
[104]; Theros Breast Cancer Index (BCI BioTheranostics, 
San Diego, CA) is based on a qRT-PCR assay and provides an 
assessment of the likelihood of distant recurrence in patients 
diagnosed with ER-positive and lymph node- negative breast 
cancer. It uses a combination of indices (HOXB13:IL17BR 
two-gene ratio) and a proliferation- related five-gene molecu-
lar grade index (MGI), which discriminates grade 1 from 
grade 3 breast tumors [105, 106]; EndoPredict test is used to 
predict the risk of distant recurrence of early-stage, hormone-
receptor-positive, HER2- negative breast cancer that is either 
node negative or has up to three positive lymph nodes [for 
review, see [85]]. Interestingly, although there is very little 
overlap among these signatures in relation to the gene compo-
sition, most of them are related to proliferation and 
ER-signaling cellular processes [107]. Therefore, the predic-
tion power of most of these signatures is more robust and 
indicated for ER-positive tumors/luminal subtype and less for 
the ER-negative subtypes [108].

Recent studies have, however, shown that other cellular 
processes genes, including the ones involving the expression 
of immune response genes, have the potential to predict sur-
vival, specially in the HER2-positive and basal-like subtypes 
of tumors [109, 110]. Gene signatures that impact the activa-
tion of immune signaling pathways, such as the IRF1/STAT1/ 
IFNG pathway, and the expression of cytokines and chemo-
kines and others have been reported as potential predictors to 
immunotherapy [for review, see [110]]. In a recent transcrip-
tomic study from HER2+ patients treated on a randomized 
adjuvant trastuzumab trial, the most significant pathways 
associated with prolonged relapse-free survival (RFS) were 
involved with immune response. Based on gene expression 
of these pathways, the authors identified a 14-gene signature 
that could stratify patients in immune enriched vs. nonim-
mune-enriched subgroups. Immune- enriched patients treated 
with trastuzumab-based chemotherapy presented a better 
RFS as compared to the nonimmune-enriched ones [111]. 
Other studies were conducted in TNBC, where it was shown 
that the expression of the programmed cell death ligand 1 
(PDL-1) and tumor- infiltrating lymphocytes (TILs) impacts 
prognosis [112–114].

Several other immune signatures have been proposed in 
breast cancer, several of which being tested in ongoing clini-
cal trials in both the neoadjuvant and adjuvant settings. These 
trials, where stratification of the patients is randomly based 
on these expression signatures, will provide evidences of 
their effectiveness for prognosis and prediction of treatment 
response, specially in patients submitted to immunotherapy 
[115–117].

Although the importance of the gene expression signature 
of breast tumors has been well established and represents a 
more accurate prognostic marker than other well-established 

clinical-histopathological criteria, one cannot assume that all 
the genes present in these gene expression signature panels 
are equally important or have an independent role in breast 
cancer pathogenesis and recurrence [118, 119]. Additional 
studies are required to distinguish the unique and the over-
lapping genes of these innumerous signatures, considering 
specific clinical settings. It is also critical to assess whether 
these prognostic signatures observed in patients’ tumors are 
represented in the liquid biopsies (e.g., plasma and/or serum) 
of the patients, so they can be used for early cancer detection 
and diagnosis and treatment monitoring.

8.4  Conclusions

The advances in the microarray technology and the ability of 
perform large-scale validations using bioinformatics tools 
have allowed the development of integrated “omics” signa-
tures that provide a more comprehensive understanding of 
the whole genome of the cancer cells, allowing for the intrin-
sic molecular classification of breast cancer and their respec-
tive implications in response to therapy and clinical outcome. 
It is without question that the continued improvement of 
molecular tumor profiling with the development of next-gen-
eration technologies, such as large- scale and exome sequenc-
ing, together with pathological and epidemiological patient’ 
information, will lead to successful application of these and 
newly developed molecular signatures into the clinical set-
ting. These efforts will certainly be reflected in the stratifica-
tion of breast cancer disease in a new refined taxonomy, 
allowing a better understanding of the genetic diversity in the 
different and even less frequent breast cancer subtypes. In 
addition, considering that the success of a treatment largely 
depends on the ability to match a particular tumor phenotype 
to a specific tumor genomic target, these new technologies 
would provide the identification of new therapeutic targets, 
allowing for the development of novel diagnostic tests to 
guide the most appropriated and individualized cancer ther-
apy. Finally, considering the increasing dissemination of the 
genomic- based testing and treatment strategies for cancer, in 
the context of precision medicine, it is imperative to address 
the use of these tests on the impact of the patient’s therapeu-
tic decision-making and health outcome.
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Photographic Principles of Medical 
Documentation

Murillo Fraga, Diego Ricardo Colferai, 
and Marcelo Sampaio

9.1  Introduction

The standardization in photography in plastic surgery is a 
very important issue and has been exhaustively discussed in 
the last years. The documentation of images in scientific 
research must be done in a systemic and standardized way in 
order to allow its reproducibility [1]. This enables the valida-
tion and comparison of techniques as well as the analysis of 
results maintaining the scientific accuracy. The clinical pho-
tograph must always be taken by the same camera, film, 
lenses, distances, luminosity, and the same position of the 
patient [2, 3]. The use of a leveled tripod, electronic flash, 
spotlights, and markers and the standardization of the dis-
tance between the feet and the photographic background are 
very important technical elements [4]. The photographic 
background must be of gray color or surgical blue (royal 
blue), nonreflective. The spotlights (two units) are positioned 
at 45°, and the leveled tripod allows the adequate framework, 
which allows the stabilization of the image. The photo-
graphic incidences (front, right and left oblique, and right 
and left side) must be standardized (Fig. 9.1).

It is relevant to highlight the importance of preserving the 
right of privacy of the patient; therefore, the consent form 
must be solicited before any photographic documentation 
[4–6].

9.2  Technical Aspects of the Photograph

9.2.1  Positioning

Aiming at standardizing the distance between the feet and 
the photographic background, a 1-cm-thick ethylene vinyl 
acetate (EVA) frame can be used, which keeps the position-
ing of the patient fixed at 70 cm from the photographic back-
ground and the distancing of 30  cm between the feet 
(Figs. 9.1 and 9.2) [2].

The photographic background made of polyester fabric 
measuring 1.60 m length by 1.40 m width in blue color is 
well stretched and fixed to the wall [7]. There is also a care 
protocol that was developed with the purpose of standardiz-
ing and ordering all stages of data collection, aiming at 
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 systematizing them [8]. A distance of 1.2–1.8 m for the body 
and the face is adequate. We suggest a 105 mm lens at a dis-
tance of 1.5 m for the face and a 50 mm lens or an equivalent 
for the documentation of the body (Fig. 9.2) [2].

The patient is guided to stay in anatomic position, 
keeping the eyes’ horizontality (Frankfurt plan) during 
the measuring. The photo framework of the mammary 
region is defined by the crossline gnathion (chin region) 
on top and by the bottom edge of the navel at the bottom 
(Fig. 9.3) [1].

Even though the clinical photographs are taken of five 
different positions (anteroposterior (AP), right and left 
side, and right and left oblique [1, 9, 10]), a relaxed and a 
contracted position of the breast can be added. This maneu-
ver is achieved by pushing the hands against the hip, and it 
allows a more dynamic assessment. In some particular 
cases, a leaning forward position is useful to demonstrate 
asymmetry. Several authors strive aiming at standardizing 
clinical photographs, but variability remains a challenge 
[1, 2, 10–12].

9.2.2  Lighting

In plastic surgery many lighting ways have been suggested, 
from flashes of the camera itself to external lights in different 
configurations [8]. When it comes to a normal and informal 
picture, we observe a certain asymmetry in lighting; in other 
words, one of the sides of the body is illuminated differently. 
Now, when it comes to surgical documentation, there has to 
be symmetry between the hemibodies, as well as equal illu-
mination of both sides. Thus, we suggest using a pair of 
umbrellas assembled at the height of the eyes with a 
45-degree angulation.

A recurring problem in the lighting of images of the 
patient is that some details and contours are eliminated of 
flattened in such a way by the light that they are not visi-
ble. The cellulite in the body or certain facial wrinkles are 
frequently not seen in anterior light (flash) but are 
extremely apparent in vertical light. In general, skin irreg-
ularities are better observed in tangential light. Shapes 
such as breasts or contours of the body are better seen in 
slightly shaded light.

Lighting is a topic of extreme importance to preserve the 
technical accuracy of clinical photograph. Excessive lighting 
or overexposure can mask furrows, wrinkles, or scars. In the 
same way, poor lighting or underexposure may cause shades 
which accentuate folds or scars [4].

9.2.3  Storing of Images

Technology has evolved quickly. Some decades ago, draw-
ings were used and, next, black and white photography, col-
ored transparencies, and films. In the last 15–20 years, digital 
images have become the new pattern, and analogic photogra-
phy became obsolete.

There has also been a change in the way images are 
stored. Diskettes, magnetic tapes, CDs, DVDs, USB drives, 
external HDs, and network units gave way to data archiving 
in the cloud [13]. The advance of technology presents chal-
lenges concerning technical work (software incompatibility, 
hardware, execution problems, scanning, and storing) and 
security. The lack of a specific legislation and clear rules 
makes the circulation of images through the Internet a weak 
point.

9.3  New Technologies for Breast 
Measuring

The three-dimensional surface image has gained popularity 
in plastic and reconstructive surgery worldwide because the 
two-dimensional pattern lacked in shape and depth [14]. 
The 3D image is a significant advance in photographic 
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 evaluation, because it is able to calculate measures and 
carry out clinical analyses in x, y, and z coordinates (three-
dimensional). This triangulation allows the creation of 3D 
images [15].

The 3D image was first described in 1994 to diagnose 
ortho-dental conditions. It was initially used to highlight 
facial asymmetry and subsequently used to show alterations 
in the body contour [16, 17].

In breast surgery, the 3D images help in determining the 
volumes and shapes of the breast, estimate the differences, 
and allow the projection of results after the surgery [18]. This 
tool must be used as an auxiliary, and the virtual post-surgery 
results must not be promises of actual results. Numerous 
variables may interfere in the final result (age, BMI, ethnic-
ity, height, gender, quality of breast tissue, lactation period, 
among others) [19].

It is important to observe the limitation of the use of these 
images, which still bump into cost, quickness and capture of 
image processing, portability, and special characteristics of 
the images [19, 20].

The 3D image is a tool which assists the surgeon in his 
decisions, besides being an important form of marketing. 
The quick advance of technology will provide a more effi-
cient communication between the doctor and the patient, 
allowing a more precise and effective instruction.

The ultimate objective is to bring about a more satisfac-
tory result for the patient.
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Breast Cancer Patient 
and Reconstructive Consultation

J. Michael Dixon and Cameron Raine

10.1  Introduction

Patients with primary or recurrent breast cancer having a 
mastectomy or very wide excision should be considered for 
whole or partial breast reconstruction, and therefore it is 
important to have reconstructive surgeons present at the 
multidisciplinary team meetings which make such decisions. 
For patients with larger operable invasive cancers, options 
other than mastectomy should be considered. Where there 
are options, these can and should be discussed with the 
patient. For those women who are deemed suitable candidates 
for whole or partial breast reconstruction, the timing, options 
and complications of reconstructive surgery should be 
considered and discussed.

10.2  Guiding Principles in Breast 
Reconstruction

Treatment of the cancer should not be compromised by 
breast reconstruction. The need to achieve an aesthetically 
satisfactory breast reconstruction, however important this is 
to the patient, should not stand in the way of ensuring that 
any surgery removes all disease to limit local recurrence and 
that radiation and systemic therapy is delivered in a timely 
manner to maximise long-term local and systemic control. 
One issue of concern is that if major complications develop 
after reconstructive surgery, then this can delay administration 
of radiotherapy and chemotherapy. The overwhelming body 
of evidence indicates that immediate breast reconstruction is 
safe and appropriate for the majority of patients undergoing 
mastectomy and does not impact significantly on the timing 
of adjuvant therapy [1]. Furthermore studies have indicated 
that in general, better results are obtained with immediate 

reconstruction compared with delayed reconstruction 
because skin and other soft tissues can be preserved, which 
are normally removed as part of a standard mastectomy [2]. 
Good oncological surgery which removes all the cancer does 
not have to be destructive, and in the majority of patients, it 
is not necessary to remove the skin over the whole breast, the 
nipple areola complex or the pectoral fascia. This does not 
mean that excellent results cannot be obtained by delayed 
breast reconstruction [3].

In every centre, there should be a multidisciplinary team 
approach to breast cancer management, and a similar multi-
disciplinary approach should be available when considering 
breast reconstruction. Any surgical plan must incorporate 
information from all members of the breast management 
team including breast surgeons, radiologists, oncologists, 
pathologists, nurses and support staff. If a plastic surgeon, 
not present at the multidisciplinary meeting, is to be involved 
in the discussion about breast reconstruction, then they need 
to be aware what the patient has been told about their breast 
cancer and what options have been discussed. If risk-reduc-
ing mastectomy is planned, then the reconstructive surgeon 
needs to know whether it is to be a skin-sparing or nipple-
sparing mastectomy before having any discussions with the 
patient. The best option for the patient is a joint consultation 
between the oncological surgeon and the plastic surgeon. In 
some centres, the oncological surgery and reconstruction are 
performed by appropriately trained oncoplastic surgeons. It 
is imperative such individuals can offer the same range of 
procedures that a combination of a breast oncological sur-
geon and a plastic surgeon together can offer. If the onco-
plastic surgeon is not able to offer free- flap breast 
reconstruction, then onward referral to a suitable plastic sur-
geon should be arranged if a free flap is considered the 
patient’s best option.

Breast reconstruction is not normally one operation but 
typically requires two or three operations. Even if breast 
reconstruction is performed immediately, surgery to achieve 
true symmetry usually involves additional procedures in the 
ensuing months. This can include changing a tissue expander 
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for a permanent implant, a nipple or areola reconstruction, 
revision of autologous tissue transfer, liposuction or lipofill-
ing for contour refinement or scar revisions. Patients who 
undergo unilateral breast reconstruction often require a con-
tralateral breast procedure such as breast augmentation, 
breast reduction or even a contralateral risk-reducing mas-
tectomy. From the outset, the patient’s expectations need to 
take account of the long-term reconstructive plan, and 
patients need to be aware that to achieve good symmetry 
often requires more than one operation.

Patient preference and lifestyle are very important when 
planning reconstructive breast surgery. Patients may express 
a strong preference for one type of reconstruction and seek a 
particular reconstructive surgeon based on the types of sur-
gery they offer. Although an implant-based reconstruction is 
often considered simple, it can be far from simple to achieve 
a good cosmetic result and requires considerable expertise 
and is not without complications [3]. Patients who partici-
pate in sports or other activities that require significant 
abdominal strength may not wish abdominal flap operations. 
Certain lifestyles may dictate where scars should be placed, 
for instance, when raising a latissimus dorsi (LD) flap, and 
so the reconstructive surgeon needs to be aware of the 
patient’s occupation and other aspects of their lifestyle, prior 
to making any recommendation or discussing options with 
patients.

10.3  Patient Consultation

The main aim of the discussion dealing with breast recon-
struction is to inform women regarding the reconstructive 
options that are available in general and that are appropriate 
to them in particular. The current advice is that women 
should be provided with verbal, written and photographic 
information regarding the full range of reconstructive options 
[3]. Any reconstructive options that are unsuitable for the 
individual patient should be specifically identified and the 
reasons for this explained. It is also important that women 
considering reconstruction are seen by specialist reconstruc-
tive surgeons. For many patients, this will mean seeing more 
than one surgeon. Preferably, as outlined above, these doc-
tors should see the patient together and provide the patient 
with clear information on their reconstructive choices and 
who will do what during any planned surgery.

There has been some concern expressed in relation to per-
forming breast reconstruction on patients with advanced dis-
ease. This includes locally advanced and metastatic disease. 
There is evidence that removing the cancer even in patients 
with known metastatic disease improves local disease con-
trol but may not improve overall outcome [4, 5]. This means 
that mastectomy with or without reconstruction should not 
be discounted in all patients with metastatic disease. For 

these women, breast reconstruction is entirely feasible once 
appropriate systemic therapy has produced stabilisation of 
metastatic disease. In patients with locally advanced breast 
cancer, systemic therapy can produce dramatic responses 
allowing both greater tissue and skin preservation [6] and, in 
patients who require mastectomy, can make breast recon-
struction an option for many women in whom reconstruction 
was not considered feasible at the time of presentation. Even 
in patients who have locally advanced cancer with skin 
involvement, breast reconstruction is possible with myocuta-
neous flaps. Patients with inflammatory breast cancer may 
also prove suitable candidates for breast reconstruction fol-
lowing response to neoadjuvant chemotherapy.

Having reached agreement that whole or partial breast 
reconstruction is appropriate for the patient, the aim of the 
reconstructive consultation is to evaluate the various recon-
structive options against the background of the patient’s 
wishes and expectations whilst considering their suitability 
for any given technique.

There is huge variation not only in the type of reconstruc-
tions different units perform but also in the percentage of 
patients who get immediate or delayed reconstruction across 
and between countries [1–3]. There is no scientific basis for 
this huge variation, and steps within countries need to be 
taken to ensure consistent availability of the whole range of 
reconstructive options in all regions and centres. It is impor-
tant that centres that perform breast reconstruction should 
compare their own use of different reconstructive techniques 
with those in other centres in the country in which they work. 
Patients should be informed of all their potential options and 
get the opportunity to discuss available options in detail. An 
important part of the initial consultation is that patients are 
made aware of the rates of post-operative complications and 
that they are given a realistic perspective on the pain and 
discomfort associated with the procedure, including realistic 
outlines of recovery time from each of the various operations 
and the necessity, in most patients, to undergo more than one 
procedure to obtain symmetry [3]. One audit showed patients 
were poorly informed in relation to the pain and discomfort 
involved and the time it took to recover after various proce-
dures [3]; following the audit, various recommendations 
were made (Table  10.1). Complication rates, particularly 
implant loss, have been underestimated and in large series 
can be significant [3] (Table 10.2). The discussion should 
include the possible need for symmetrising surgery on the 
contralateral normal breast to obtain true symmetry.

Patients considering bilateral risk-reducing mastectomy 
and bilateral breast reconstruction are often referred through 
family history clinics having discussed options including 
screening and the use of currently available pharmaceutical 
agents to reduce the risk of breast cancer development.

Patients wishing to be considered for delayed partial 
breast reconstruction may attend because of asymmetry fol-
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lowing breast-conserving surgery and radiotherapy. These 
patients attend to discuss possible reconstructive options 
because of the impact that breast asymmetry has on their 
everyday quality of life.

10.4  Assessing Patient’s Fitness 
for Reconstructive Surgery

There are a variety of factors which need to be considered 
when considering a patient’s suitability for breast recon-
struction, including age, co-morbidities, body mass index, 
smoking history, diabetes, steroid/other drug therapy and 
religious affiliation [7, 8].

10.4.1  Smoking

There are more than 4000 chemicals present in cigarette 
smoke including nicotine and carbon monoxide [9]. One 
effect of nicotine is to cause vasoconstriction of the dermal- 
subcutaneous vascular plexus. This has important conse-
quences as many tissue flaps rely on this plexus for their 
survival [10]. As well as inducing a hypoxic state and caus-
ing vasoconstriction, smoking can lead to increased platelet 

aggregation which results in the formation of tiny thrombo-
ses in capillaries. This is detrimental to wound healing which 
relies heavily on blood flow in newly formed capillaries. 
Smokers have higher levels of fibrinogen and haemoglobin 
which increase blood viscosity and increase likelihood of 
blood clotting, and blood flow can be reduced by up to 42% 
[11]. The combination of decreased oxygen delivery to tis-
sues and the thrombogenic effects of smoking together with 
increased viscosity and reduced flow is the main reason why 
wound healing in smokers is significantly impaired.

The link between smoking and wound healing was first 
documented in the 1970s. Problems with wound healing in 
smokers have been documented at multiple sites in the body. 
One study of patients undergoing abdominoplasty found that 
smokers were 3.2 times more likely to have wound problems 
than non-smokers. The number of cigarettes smoked in this 
study was not however a reliable predictor of those likely to 
develop wound healing complications [12]. Facelifts in 
smokers have been reported to be associated with a 12.5 
times risk of developing retroauricular skin necrosis com-
pared with non-smokers [13]. A study of 425 patients under-
going mastectomy and breast-conserving surgery identified 
that after adjusting for other confounding factors, smoking 
was an independent predictor for wound infection and skin 
necrosis regardless of the number of cigarettes smoked [14]. 
The odds ratios for infection were 2.95 for light smoking 
(1–14 g/day) and 3.46 for heavy smoking (>15 g/day). The 
odds ratios for necrosis and epidermolysis were 6.85 for 
light smoking and 9.22 for heavy smoking.

In patients undergoing pedicled TRAM flap breast recon-
structions, the number of wound infections is higher in both 
current and former smokers [15]. Complications related to 
reconstruction are significantly more likely in current smok-
ers (odds ratio 3.9) and former smokers (odds ratio 3.5) com-
pared with non-smokers. A study by Padubidri looking at 
patients undergoing TRAM flaps and tissue expanders [16] 
reported the complication rate using tissue expanders for 
smokers was 37.1% which was statistically higher than the 
26.6% for non-smokers. In the TRAM flap group, active 
smokers had a significantly higher overall complication rate 
and a significant increase in particular of mastectomy flap 
necrosis. A study of 716 patients having free TRAM flaps 
showed abdominal flap necrosis, mastectomy flap necrosis 
and abdominal hernias were significantly higher in smokers 
[17]. Mastectomy skin flap necrosis occurred in 18.9% of 
smokers and 9% of non-smokers, P = 0.005. This study did 
demonstrate a dose effect with smokers who had a history of 
more than a pack a day for 10 years being at increased risk of 
developing problems compared with smokers who had 
smoked for smaller number of pack years (55.8% vs. 23.8%). 
One observation in this study was that delayed breast 
 reconstruction in smokers was associated with a significantly 
lower rate of wound complications compared with immedi-

Table 10.1 Recommendations following UK audit of breast 
reconstruction

Clinicians should act to better inform women about both the 
procedures they decide to undergo and the reconstructive options 
available
Clinicians should ensure that women are offered a full range of 
appropriate reconstructive options, whether or not these are available 
locally
Clinicians give accurate data on post-operative complications to 
inform women about risks of different operations
Women considering reconstruction should be informed 
preoperatively that the chance of requiring further surgery either 
during their initial admission or post-operatively is around one in ten
Women must be informed how to report their levels of pain and be 
able to access appropriate pain relief and to be provided with 
adequate psychological support following their surgery

Table 10.2 Complication rates as reported by patients following mas-
tectomy and immediate or delayed breast reconstruction from the UK 
National Mastectomy and Breast Reconstructive Audit: Third Annual 
Report 30 June 2010

Patient-reported outcomes at 3 months:
High proportion of reported post-discharge complications requiring 
intervention after mastectomy (Mx), immediate breast reconstruction 
(IBR) or delayed breast reconstruction (DBR)
Post-discharge complication (%) Mx IBR DBR
Readmission for treatment or surgery 10 16 15
Wound infection requiring antibiotics 19 25 28
Unplanned removal of implant – 10 7
Surgery to remove some or all of flap – 4 6

10 Breast Cancer Patient and Reconstructive Consultation
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ate breast reconstruction in smokers. The risk of wound com-
plications in delayed reconstructions was in fact similar to 
the rate in non-smokers. Complications were also less com-
mon in women who had stopped smoking 4 or more weeks 
before surgery. A study by Gill et al. examined risk factors 
and associated complications in 758 patients undergoing 
deep inferior epigastric perforator (DIEP) flaps for breast 
reconstruction [18] and found the risk factors associated 
with breast or abdominal complications included smoking 
(p =  0.001), post-reconstruction radiotherapy (p =  0.001) 
and hypertension (p =  0.0370). Smoking and post-recon-
struction radiotherapy were the only significant risk factors 
for fat necrosis in the breast reconstruction in this study. 
Implant loss in patients having breast reconstructions with 
acellular dermal matrix (ADM) was 34.6% in smokers vs. 
13.2% in non-smokers (p = 0.01) in a recent study reported 
by Barber [19].

10.4.2  Interaction with Obesity and Diabetes

It is recognised that cigarette smoking, obesity, age, diabetes 
and nutrition are all factors which play an important role in 
wound healing. Smokers who are obese or have diabetes are 
at an even greater increased risk of wound healing problems 
than smokers without these risk factors. McCarthy et  al. 
studied 1170 patients undergoing expander/implant recon-
structions [20]. They maintained a prospective database 
which included the variables of age, smoking status, body 
index, history of diabetes, hypertension and/or radiation as 
well as the timing of the reconstruction, immediate or 
delayed, and the laterality of reconstruction. The chances of 
developing complications were 2.2 times greater in smokers 
and 2.5 times greater in women over the age of 65. Patients 
who were obese had nearly twice the odds of having a com-
plication. The same was true for patients with hypertension. 
The odds of reconstruction failure were five times greater in 
smokers, and failure was nearly seven times greater in obese 
patients and four times more likely in those who had hyper-
tension. This study concluded that smoking, obesity, hyper-
tension and age over 65 were all independent risk factors for 
perioperative complications following expander implant 
breast reconstruction.

10.4.3  Smoking Cessation

There is one small randomised clinical trial of 108 patients 
with 40 patients in the control group and 68 patients in the 
intervention group [21]. Patients assigned to intervention 
were given counselling and nicotine replacement therapy. 

The study did show a significant reduction in complications 
in the intervention group with a reduction in wound-related 
complications and the need for secondary surgery. In this 
study, patients stopped smoking for 6–8 weeks before sur-
gery and did not smoke for 10 days after the operation. In the 
literature, there is no consensus on the optimal duration of 
preoperative smoking cessation, but there is some evidence 
that there are potential benefits from even a brief period of 
abstention. The majority of studies are however retrospective 
and have inherent weaknesses in their design.

10.4.4  Diabetes Mellitus

Studying any risk factor in isolation is always difficult 
because patients with diabetes often have other associated 
risk factors such as obesity. One study of complications after 
breast reconstruction did show a significantly increased risk 
of skin-sparing mastectomy flap complications in diabetics 
[22].

10.5  Post-mastectomy Radiotherapy 
and Its Impact on Breast 
Reconstruction

Indications for post-mastectomy radiotherapy have expanded 
over the past decade. One study of 919 patients who had 
breast reconstruction separated them into three groups: mas-
tectomy with post-operative radiotherapy before reconstruc-
tion, n  =  57; immediate reconstruction and then 
post-mastectomy radiotherapy, n  =  59; and reconstruction 
without post-mastectomy radiotherapy, n = 665 [23]. Overall 
the complication rates for patients having radiotherapy either 
before or after mastectomy were significantly higher than 
controls, 40% vs. 23% (p < 0.001). Immediate reconstruc-
tion before post-mastectomy radiotherapy increased both the 
overall rate of complications (47.5% vs. 23.2%) and the rate 
of late complications (33.9% vs. 15.6%) compared with con-
trols (both p  <  0.001). Delayed breast reconstruction in 
patients who had either had or not had post-operative radio-
therapy produced similar complication and satisfaction rates, 
but prior radiotherapy was associated with decreased aes-
thetic satisfaction compared to those who had no post- 
mastectomy chest wall radiotherapy, with only 50% of 
patients being happy in the group who had radiotherapy 
compared with 66.8% in those who did not have radiother-
apy. A recent meta-analysis of the effects of radiotherapy on 
breast reconstruction reported a wide variation in complica-
tion rates (8.7–70%) and in acceptable cosmetic outcomes 
(41.4–93.3%) [24]. There were more complications and a 
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higher revision rate if an implant reconstruction was used 
after radiotherapy. There was more fibrosis with autologous 
reconstructions if the reconstruction was performed before 
compared with after radiotherapy.

Patients whose preferred reconstructive option involves 
the use of breast implants and in whom post-mastectomy 
radiotherapy is considered likely require special consider-
ation. The literature suggests that there is a significantly 
increased risk of capsular contracture and other secondary 
complications in patients who receive radiotherapy com-
pared with patients who have breast reconstruction with 
implants but do not have radiation [25, 26]. Complications 
after irradiation of implants are also more common than one 
sees in patients undergoing autologous breast reconstruction 
who received radiation [27]. In one study of ADM with 
implants, the implant loss rate was significantly higher 
(28.1% vs. 13.8% p = 0.01) in patients who had radiotherapy 
[19]. Implant failure is more common in women who have 
had prior radiotherapy (OR 3.03 (1.59–5.77)) [24]. The sci-
entific data on ADMs and capsule formation around an 
implant suggests that there may be a lower encapsulation 
rate because of a reduction in the inflammation described 
around the implants [28]. There is the belief that reconstruc-
tions involving ADMs do better in the setting of radiation 
despite a lack of evidence from any clinical trials. Many 
authors have reported retrospective series in patients who 
have received either pre- or post-operative chest wall radio-
therapy. Colwell et al. reported no difference in complication 
rates in radiated vs. non-radiated patients [29]. Kobraei et al. 
found that post-operative radiotherapy was the only factor 
statistically related to implant loss supporting the study by 
Barber [19, 30]. Animal models support the view that there 
may be less capsular contracture around implants in the 
absence of ADM [31]. Some prefer to delay breast recon-
struction in patients in whom it is clear post-operative radio-
therapy is required, whereas others are happy to use implant 
or autologous reconstructions. This lack of consensus can 
make it difficult for patients who are likely to need post- 
mastectomy radiotherapy when they are considering their 
options for reconstruction. They may receive conflicting 
advice from different individuals reflecting the differing 
approaches of individual doctors when considering breast 
reconstruction where post-operative radiotherapy is consid-
ered likely. Fibrosis in autologous breast reconstruction is 
more common in immediate reconstructions that are irradi-
ated compared with delayed breast reconstructions [24]. 
This same meta-analysis showed no impact of radiotherapy 
in patient and physician satisfaction of the final cosmetic 
result [24].

10.6  Evaluation of Candidates for Breast 
Reconstruction

Important factors in assessing whether patients are suitable 
for breast reconstruction and determining the optimal tech-
nique include assessment of a patient’s general health, their 
body habitus, breast size and shape, extent of any mastec-
tomy scar, site of any mastectomy scar, the thinness of the 
mastectomy flaps, previous radiotherapy, their smoking his-
tory and patient preference.

It is important to assess the quality of the tissue that is 
present and is likely to remain when performing a breast 
reconstruction. There is a need to determine the amount of 
skin and soft tissue required to create acceptable symmetry, 
before being able to determine what might be appropriate 
options (Table 10.3).

10.7  Whole Breast Reconstruction: 
Patients with Newly Diagnosed Breast 
Cancer in Whom Mastectomy Is 
Recommended

10.7.1  Treating the Breast Cancer

For patients undergoing mastectomy as their primary surgical 
option, it is important not to delay removal of the cancer and 
removal of or biopsy of regional lymph nodes as this may 
impact on the patient’s long-term prognosis. One study showed 
huge variation in time patients waited for mastectomy alone 
compared with mastectomy and immediate breast reconstruc-
tion [3]. If it looks as though it is going to take a long time 

Table 10.3 Options for breast reconstruction

Technique

Indications for
Immediate 
reconstruction Delayed reconstruction

Prosthesis Small breasts As for immediate 
reconstruction plus well 
healed scar plus no 
radiotherapya,b

Adequate skin flaps

Tissue 
expansion and 
prosthesis

Adequate skin flaps As for immediate 
reconstruction plus well 
healed scar plus no 
radiotherapya,b

Tension-free skin 
closure
Small- to medium-
sized breasts

Myocutaneous 
flaps

Larger skin incision As for immediate 
reconstructionDoubtful skin closure

Large breasts Can be used if previous 
radiotherapy

aUnless using acellular dermal matrix
bRadiotherapy significantly increases complication rates
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either for the patient to make a decision on her chosen recon-
structive option or to assemble a team to perform a reconstruc-
tive procedure, then other options for the patient should be 
considered. One of these options, which is underutilised in 
many centres, is to give systemic therapy as the initial treat-
ment. For premenopausal women and those postmenopausal 
women with large oestrogen receptor- negative or HER2-
positive cancers, then neoadjuvant chemotherapy  ±  trastu-
zumab is an excellent option, particularly if the oncologist has 
already considered that it is likely the patient will receive che-
motherapy in the adjuvant setting [6]. In HER2-positive can-
cers, dramatic rates of complete pathology response including 
disappearance of DCIS are possible with the use of neoadju-
vant chemotherapy together with trastuzumab [32]. In post-
menopausal women with large tumours, almost 80% are 
oestrogen receptor- positive, and these cancers respond well to 
aromatase inhibitors [33, 34]. In such women, prescription of 
aromatase inhibitors for a number of months to shrink the can-
cer will allow over half to become suitable for breast conserva-
tion, or they can be placed on aromatase inhibitors for a few 
weeks as a temporary measure, whilst consideration is given 
to the best form of reconstruction.

Should the scheduling of reconstructive surgery be 
delayed for any reason, then another option is to excise of the 
invasive cancer through an appropriately placed incision that 
does not interfere with later breast reconstruction proce-
dures. This can allow adjuvant systemic therapy to be admin-
istered prior to mastectomy and reconstruction.

A useful option in some patients is to perform an initial sen-
tinel lymph node biopsy in a patient with an invasive cancer 
who has no obvious nodal disease on clinical and ultrasound 
assessment of the axilla. One value of preoperative axillary 
assessment using a combination of imaging with fine-needle 
aspiration cytology and/or core biopsy or sentinel lymph node 
biopsy is that it allows assessment of the likelihood and extent 
of any axillary lymph node involvement. This helps evaluate 
the likely need for post-mastectomy radiotherapy. Although 
there are some who believe that post- operative radiotherapy 
has limited impact on the cosmetic outcome from whole breast 
reconstruction, the majority of surgeons believe radiotherapy 
does have a significant negative impact on breast reconstruc-
tions, particularly if breast implants are being used [23, 25–27], 
and they advise patients to delay reconstruction until the com-
pletion of treatment [35]. Knowledge of the likely requirement 
for post-operative radiotherapy can influence the decision to 
proceed with immediate breast reconstruction and if so can 
influence the preferred technique. Although there are some 
who believe that it is not possible, with any degree of certainty, 
to determine whether post-operative radiotherapy is likely to be 
needed, it is clear that it is possible, with a high degree of accu-
racy by preoperative assessment of the type and extent of the 
primary cancer in the breast and any nodal involvement to pre-
dict those who are likely to need post- operative radiotherapy 

[35]. One major reason patients get post-operative chest wall 
radiotherapy after mastectomy is having multiple axillary 
nodal involvement; thus an initial sentinel lymph node biopsy 
to assess the status of the axilla prior to mastectomy and con-
sideration of reconstruction is a sensible approach. At the same 
time, as sentinel lymph node biopsy is performed, it is also 
possible to remove the central subareolar ducts, and this can 
assist in a decision about whether the patient is suitable for a 
nipple-sparing approach during the mastectomy operation 
[36]. Even in patients having an autologous reconstruction, it is 
useful because the nipple can be placed on any new skin island 
as a free nipple graft. The patient’s own nipple is always the 
best match, it is underutilised, and there is a high success rate 
with this approach (Fig. 10.1).

10.8  Choosing Options  
(Refer to Table 10.3)

10.8.1  Implants and Expanders

Breast implants and expanders are best suited for breast 
reconstruction for women with smaller breasts with thick 
mastectomy flaps and minor degrees of ptosis [37]. For 
women who wish to avoid major surgery involving donor 
sites and scars on other parts of their body, breast reconstruc-
tion using implants may be the option of choice. When per-
formed as a delayed procedure, a period of tissue expansion 
is usually required prior to the placement of the definitive 
implant. In the immediate setting however, a skin- sparing 
approach during mastectomy improves the quality of the 
final result [38]. Total submuscular implant placement can 
sometimes lead to upward displacement of the inframam-
mary fold. To address this problem, the pectoralis major 
 origin should be released or detached, and the inferior pole 
of the implant can be covered with an acellular dermal matrix 
to achieve enhanced projection [39]. Good candidates for the 

Fig. 10.1 Right mastectomy immediate reconstruction with LD flap, 
lipofilling and nipple graft. Post-radiotherapy result
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ADM technique have small- to moderate-sized breasts and 
good-quality skin and show an absence of established glan-
dular ptosis. Young patients requesting bilateral risk- reducing 
surgery are good candidates for ADM and implant- based 
reconstructions. In older age groups, the technique may still 
lead to very satisfactory results when combined with sym-
metrising surgery on the contralateral side. Irradiated tissues 
rarely do well with implant-based breast reconstructions 
[39]. Complication rates are high as are implant loss rates as 
reported above. Prior lipofilling of the mastectomy flaps can 
improve the state of the irradiated skin, and if either an 
implant-based or autologous reconstruction is being consid-
ered after radiation, then one or more episodes of lipofilling 
or lipomodelling are likely to improve cosmetic outcomes 
and reduce complication rates. During the reconstructive 
consultation, the limitations of this technique for unilateral 
reconstruction must be communicated and the patient 
advised that symmetry is possible usually only when clothed 
with the contralateral side supported in a bra.

10.8.2  Use of Tissue Matrices

A variety of tissues have been used to cover the lower pole 
of implants during breast reconstruction (Fig. 10.2). The 
problem with total muscular cover has been obtaining satis-
factory inferior projection and reconstruction of a satisfac-
tory inframammary fold. The tissue matrices in common 
use include those derived from human skin, pig skin, bovine 
pericardium and peritoneum [39, 40]. Both synthetic and 
absorbable meshes have also been utilised. De-epithelialised 
lower mastectomy flaps are another option to improve 

lower pole fullness and provide sufficient cover of the 
implant where it sits below the lower margin of the pecto-
ralis major muscles. When using tissue matrices, meshes or 
de-epithelised skin, the pectoralis major is lifted from its 
site of origin, and the tissue matrix, mesh or de-epitheli-
alised flap is stitched between the cut edge of the pectoralis 
major muscle and the new inframammary fold [40]. This 
provides a sling for the lower part of the implant alone, 
Becker implant/expander or tissue expander. The option of 
de-epithelialising the lower flap of the mastectomy and 
suturing this to the edge of the pectoralis major muscle is 
less good at creating an inframammary fold than acellular 
dermal matrix [41]. The two can be combined to good 
effect when carrying out a skin-sparing mastectomy 
(Fig. 10.3). Prepectoral implants with ADM or mesh cover-
ing is now being used by many in preference to subpectoral 
implants.  Recovery is quicker and there are no problems 
with animation of the muscle.  Most patients with prepec-
toral implants need either thick mastectomy flaps or multi-
ple episodes of lipofilling or fat transfer to disguise the 
implant contour and give a natural breast shape.  Many 
believe there is a lower rate of complications using this 
technique although there are no robust data to support this.

Complication rates with these various techniques can 
vary widely. Implant and tissue matrix loss rates can be as 
high as 17% [19, 40]. A recent report of 232 sheets of ADM 
in 147 patients reported a high rate of contralateral surgery 
(37.5%) in patients who had ADMs and implants for unilat-
eral breast reconstruction [19]. The use of ADM is best con-
sidered in patients having bilateral procedures although 
patients need to understand that one or both implants may be 
lost in up to a quarter of patients in some series [19]. 
Particular care is needed when selecting the most appropriate 
incision especially if a nipple-sparing technique is to be 
used. Any wound edge necrosis particularly over the tissue 
matrix or mesh is associated with a high rate of implant loss. 
For this reason, we use an incision 1 cm below the inframam-
mary fold in patients who are having a nipple- sparing mas-

Fig. 10.2 Acellular dermal matrix being placed at surgery to cover the 
lower pole of an implant Fig. 10.3 Bilateral mastectomy with de-epithelialised lower flaps
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tectomy. This avoids incisions around the nipple that interfere 
with nipple blood supply and lateral incisions that displace 
the nipple laterally (Fig. 10.4).

10.8.3  Latissimus Dorsi Flaps

Patients who are ideally suited for latissimus dorsi (LD) flaps 
include thin patients where the infraumbilical tissues are lim-
ited and patients who have undergone previous abdomino-
plasty or other abdominal operations through abdominal scars 
that may have compromised the blood supply to the abdomi-
nal flap. The latissimus dorsi appears more resistant to the 
effects of impaired wound healing in patients who smoke or 
who have diabetes [42]. Additionally the latissimus dorsi 
does not compromise the abdominal wall which may be an 
issue for patients considering future pregnancy. When consid-
ering patients for secondary reconstruction, the existing mas-
tectomy scar may pose challenges to planning insertion of an 
LD flap. Compared to an oblique mastectomy scar, a vertical 
or horizontal scar can be difficult to conceal and may compro-
mise projection of the reconstructed breast. If the flap is 
placed too high, then satisfactory ptosis and inferior pole pro-
jection cannot be obtained [43]. In patients with a very high 
scar, the flap can be inserted into a new incision placed in the 
inframammary fold. The main bulk of the muscle must be 
placed where it is required to create a breast mound which 
matches the opposite normal breast. One study comparing 
latissimus dorsi breast reconstruction with TRAM recon-
struction found the LD flap was associated with fewer com-
plications [44]. Patients who have undergone complex or 
multiple axillary surgery procedures or prior axillary radio-
therapy both of which can compromise flow in the thora-
codorsal vessels should be considered for CT angiography 
prior to performing a delayed reconstruction with an LD flap.

Until recently, it has been traditional to combine a latis-
simus dorsi flap in most patients with the insertion of a 
breast implant (Fig. 10.5). With the development of extended 

latissimus dorsi flaps, an increasing number of patients can 
have autologous breast reconstruction without the use of an 
implant [45]. The shape evolves over time, and it is impor-
tant to inform women that the contour and shape will 
improve with time (Fig. 10.6). It is also possible to augment 
the volume of a latissimus dorsi flap by later lipofilling [46]. 
A new innovation is augmenting the volume of the LD flap 
by lipofilling the flap during the primary breast reconstruc-
tion (Fig. 10.1). This can be done under direct vision. It is 
important not to try this if the flap is not well vascularised. 
The volume injected should be such that the flap is not over-
filled and the blood supply is not compromised. The results 
are impressive, and in patients who have subsequently had 
radiotherapy, the flaps have tolerated this treatment remark-
ably well (Fig. 10.7). A major drawback of latissimus flaps 
used to be the high rate of seroma formation on the back, 
although the rate has been reduced dramatically in our prac-
tice by the adoption of quilting sutures when closing the 
back wound [47].

10.8.4  TRAM and DIEP

Surplus tissue in the lower abdomen can represent an excel-
lent source of material when considering breast reconstruc-
tion. Typically the reconstruction is performed without the 
need for breast implants, and the final result may be indistin-
guishable from the native breast when performed in ideal 
circumstances (Fig. 10.8). The transfer may be achieved as a 
pedicled muscle flap or as a free tissue transfer either incor-
porating part of the rectus abdominis muscle (TRAM) or 
based purely on the perforating branches of the deep inferior 
epigastric artery (DIEP) [40, 48, 49]. Prior abdominal opera-
tions require careful evaluation to ensure the axial vessels are 
likely to be intact and that pre-existing scars will not impact 
adversely on the abdominal closure or interfere with success-
ful wound healing. A preoperative angiogram can ensure that 
sufficient good-quality vessels are present. A patient’s 

Fig. 10.4 Bilateral nipple-sparing mastectomies with implants and 
later lipofilling

Fig. 10.5 Bilateral mastectomy with LD flap, lipofilling, small 
implants. Patient had small cancer with DCIS in the left breast and a 
right prophylactic mastectomy
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 general health should be good, and cigarette smokers should 
be advised to stop for at least 3 months prior to surgery where 
circumstances allow [16]. Cigarette smoking increases sig-
nificantly the risk of complications, and these patients may 
be served better by a procedure with a lower risk profile. 
There is also a well- recognised risk of total flap failure of 
around 3–5% which again is higher in smokers and of 

abdominal wall bulging or herniation, and these factors, 
when combined with a longer recovery period compared to 
other techniques, may significantly influence a patient’s 
decision to proceed with this surgery. Where circumstances 
are favourable, however, fully autologous lower abdominal 

Fig. 10.6 Reconstruction in transition. A patient who underwent a right breast reconstruction with an excluded LD flap. Photography was taken 
regularly by the patient over a 3-month period after surgery

Fig. 10.7 Right mastectomy immediate reconstruction with LD flap 
lipofilling and nipple graft. Post-radiotherapy result

Fig. 10.8 Left mastectomy with De-Ep flap and nipple reconstruction
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breast reconstructions produce durable results with high lev-
els of patient satisfaction in both the immediate and delayed 
settings [3].

10.8.5  Other Free Flaps

There are a range of other free flaps that have been described 
as options for breast reconstruction; these include superior 
and inferior gluteal artery perforator flaps (SGAP and IGAP 
flaps) and the transverse upper gracilis flap (TUG flap) [40].

These flaps are usually offered only by specialist plastic 
surgeons and are used mostly in patients who are not suitable 
for other options [40].

10.8.6  Lipofilling or Lipomodelling

Autologous fat transplantation also known as lipofilling or 
lipomodelling has been used to correct cosmetic deformities 
in almost every part of the body in recent years. The most 
common uses of lipofilling in the breast are to fill defects 
after breast-conserving surgery, to correct asymmetry after 
breast reconstruction, to correct congenital abnormalities 
and to prevent breast deformities in breast-conserving sur-
gery. An important part of the preoperative assessment now 
involves inspection of possible donor sites—usually the 
abdomen, upper legs and thighs. Even in very slim women, 
sufficient volume of fat can be obtained to achieve satisfac-
tory outcomes in asymmetry. In some instances with patient 
cooperation and sufficient fat available, whole breasts can be 
reconstructed with lipofilling alone although this usually 
involves many episodes.

There are some theoretical risks associated with the use of 
lipofilling in breast reconstruction in patients with cancer, 
but reviews and meta-analyses have been reassuring [50–55]. 
The technique and experience of the surgeon can influence 
outcome so it is important it is performed by a trained indi-
vidual. There are concerns that the rate of absorption may be 
higher in smokers and in those who have previous 
radiotherapy.

Lipofilling has been used at the same time as breast- 
conserving surgery to stop deformity but needs to be injected 
into the breast parenchyma, subcutaneous fat, deep to the 
breast or into the pectoralis major not into the space 
(Fig. 10.9). For patients who have had prior mastectomy and 
radiotherapy, initial lipofilling improves the quality and 
thickness of the mastectomy flaps (Fig.  10.10a–c) and 
improves the final cosmetic result. We now use it in all such 
patients as an initial procedure. We also use lipofilling to 
thicken mastectomy flaps in patients having implant-based 
reconstructions. Lipofilling of the LD muscle can avoid the 
need for implants and is less affected by radiation than an 

implant under the LD muscle (Figs. 10.1 and 10.6). Volumes 
reaching many hundreds of millilitres can be injected under 
direct vision. For patients with volume asymmetry after prior 
breast reconstruction, lipofilling is often the only option that 
will achieve true symmetry.

Patients need to be aware of the recovery time after this 
procedure and the complications the most common of which 
are pain, numbness and bruising. There are a number of 
patient information leaflets available on lipofilling, and all 
patients who are being considered for this procedure should 
be given one of these leaflets [56].

10.8.7  Skin-Sparing Mastectomy

The goal of breast reconstruction is to achieve an aestheti-
cally pleasing breast resembling as closely as possible the 
native organ or at the very least achieving a result that can 
be matched by the minimum of additional surgery to the 
contralateral side. The preservation of as much native breast 
skin as possible at the time of mastectomy brings significant 
advantages both in terms of final breast shape and overall 
aesthetic appearance when combined with immediate breast 
reconstruction [57, 58]. A body of evidence now exists sup-
porting the oncological safety of this technique [59–64]. 
These data show skin-sparing mastectomy (SSM) can be 
performed without compromising local disease control. 
Carlson et al. provide a 10-year retrospective review of 539 
patients treated for 565 cases of breast cancer by SSM and 
immediate breast reconstruction. The local recurrence rate 
with an average 65-month follow-up was 5.5%; local recur-
rence rates increased as disease stage at presentation 
increased [65]. These rates of local recurrence are compa-
rable to total mastectomy and nipple excision [66]. In an 
earlier publication, Medina-Franco reported a local recur-
rence rate of 4.5% with a median follow-up of 6 years in 173 
consecutive patients undergoing SSM and breast 

Fig. 10.9 Left wide local excision and lipofilling of a cancer high in 
the left breast. Result 2 years post-op
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 reconstruction [61]. A skin-sparing approach to mastectomy 
is therefore both desirable and safe and should be consid-
ered whenever breast reconstruction is planned. Nipple-
sparing mastectomy is also possible in patients with cancers 
and is discussed later.

10.8.8  Nipple-Sparing Mastectomy

Although nipple-sparing mastectomies are now widely used 
for prophylaxis, they can also be used in the treatment of 
women with invasive and in situ breast cancer. They have an 
acceptable risk of recurrence of less than 2% in T1 cancers 
[38, 67–70]. Selection of patients for nipple sparing has been 
based on distance of the cancer from the nipple; the greater 
the distance, the less likely nipple involvement by cancer is 
to be present. Where there are concerns that there may be 
nipple involvement, this can be checked prior to surgery 
either by using a mammotome to remove the subareolar 
ducts [69] or biopsying the ducts at the time of sentinel node 
biopsy prior to the mastectomy or during the operation by 
frozen section [70–73].

One problem with nipple-sparing mastectomies has been 
that it is not easy to get good results in patients with ptosis 
and the nipples are not always left in a satisfactory position. 
One solution is to perform an initial mastopexy and reposi-
tion the nipple [74]. This can be performed together with a 
cancer excision or as an initial procedure in patients having 
mastectomy for prophylaxis. The subsequent mastectomy 
and reconstruction are performed through the incision used 
for the reduction some 3–4 months later. The mastopexy and 
subsequent mastectomy can be combined with lipofilling to 
increase the thickness of the mastectomy flaps. With this 
technique, nipple loss at mastectomy is infrequent, and the 
cosmetic outcome can be excellent (Fig.  10.11). Thus in 
patients who are suitable candidates for nipple-sparing mas-
tectomy, it is imperative to assess the nipple position and 
degree of ptosis prior to deciding the optimal approach.

10.8.9  The Opposite Breast

Symmetry is the primary focus of breast reconstruction. This 
is often difficult to achieve in many patients. Selection of one 

a

c

b

Fig. 10.10 (a) After mastectomy, before lipofilling. (b) Thickness of mastectomy flaps after lipofilling. (c) Delayed left LD flap with immediate 
lipofilling
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or other technique for breast reconstruction is influenced not 
only by the amount of skin that has been or very occasionally 
needs to be removed during the surgery to excise the breast 
cancer but by the appearance of the remaining breast includ-
ing any possible procedures that may be advised on the 
opposite breast to achieve shape and/or volume symmetry 
(Table 10.3).

It is of upmost importance to consider the opposite breast 
in the initial breast reconstruction plan. For this reason, it is 
important to discuss with the patient, prior to any operation, 
what the options are for the opposite breast if symmetry is to 
be obtained. The reconstructive surgeon should, however, 
appreciate that most patients prefer to leave their opposite 
breast unscarred and untouched if possible. If the breast that 
is to be matched is well shaped without excessive ptosis, the 
goal of breast reconstruction should be to match it. If the 
opposite breast is large or small in relation to the patient’s 
body habitus, then the options of enlarging or reducing the 
opposite breast should be considered and discussed. Even if 
the opposite breast is of adequate volume, it may be neces-
sary to consider a mastopexy, if one is going to obtain sym-
metry of contour as well as symmetry of volume. Performing 
the breast reconstruction and contralateral procedure at a 
single operation has obvious advantages for the patient and is 
cost- effective (Fig. 10.12).

One option for the opposite breast is prophylactic mastec-
tomy. Such an operation attempts to reduce the possibility of 
breast cancer developing in the opposite breast in women at 
high risk, and it can ease some patients’ fears that they have 
about cancer development in their opposite breast (Fig. 10.5). 
The patient must however be guided in this by discussions 
and input from the multidisciplinary team before this 
approach is selected. Studies have shown a recent dramatic 
increase in the number of woman having prophylactic con-

tralateral mastectomy [75]. Of note, a recent study identified 
the majority of women undergoing this surgery were not at 
heightened risk of developing contralateral breast cancer 
[76]. Significant risk factors for having a prophylactic con-
tralateral mastectomy include having a breast MRI and hav-
ing a breast reconstruction [77, 78]. Whilst it is true that it is 
easier to obtain symmetry when similar procedures are per-
formed on both breasts, this in itself is not sufficient reason 
to remove a normal contralateral breast which is not at sig-
nificant risk of breast cancer development. With adjuvant 
hormone therapy, the rate of contralateral breast cancer 
development is less than 4 per 1000 per year although that 
risk does persist over a 20–30- year period [76]. Even those 
patients who develop a contralateral breast cancer, mastec-
tomy is not always necessary. Only in patients with a strong 
family history (with or without the knowledge that the patient 
is carrying a mutated BRCA1 or BRCA2 gene) and patients 
with atypical hyperplasia affecting a breast together with a 
significant family history should prophylactic mastectomy 
be considered as essentially a therapeutic procedure. There is 
some information that suggests patients who have a contra-
lateral mastectomy at diagnosis have a better outcome than 
those who have a unilateral mastectomy [79]. This informa-
tion is not from randomised studies and is inconsistent with 
the number of women who die from contralateral breast can-
cer [76]. Providing appropriate surveillance of the other 
breast is continued on a regular basis development, and treat-
ment of a contralateral breast cancer does not appear to com-
promise outcome [76].

In summary there is no good-quality evidence to show 
that contralateral mastectomy improves outcome in women 
who are not BRCA1 or BRCA2 gene carriers and patients 
need to be informed of this. One study showed 69% of 
women having a prophylactic mastectomy experienced pain; 

Fig. 10.11 Bilateral risk-reducing mastectomy with breast reconstruc-
tion using implants and lipofilling after an initial mastopexy

Fig. 10.12 Right mastectomy immediate LD flap reconstruction with 
lipofilling and immediate contralateral mastopexy
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in 36%, this affected their sleep; and in 22%, it had an effect 
on daily activities with 75% reporting less enjoyment of 
 sexual activity [80]. Prophylactic contralateral mastectomy 
should not thus be performed without a full and informed 
discussion of the pros and cons of the procedure.

10.9  Revisional Surgery Consultation

A number of patients who have had previous reconstruction 
and had an initially symmetrical and satisfactory result 
attend to discuss revisional reconstructive surgery, and oth-
ers attend who have had a failed reconstruction. The untreated 
breast increases in size and develops increasing ptosis over 
time, whereas the reconstructed breast, with the exception of 
autologous reconstruction, tends to remain the same size or 

even shrink if the patient has had radiotherapy. The same 
range of reconstructive options is available to these patients 
as to patients who have had an immediate reconstruction. 
Options may be limited, depending on what procedures they 
have had previously and whether the patient has received 
prior radiotherapy. Revising and improving a patient’s recon-
struction can be more complex than a primary breast recon-
struction, but good outcomes are possible (Fig. 10.13a, b). 
Considerable expertise in this area is required if an individ-
ual surgeon is to offer such an option. To obtain symmetry, it 
is usually necessary to consider surgery to both breasts and 
assess the need for reduction or mastopexy of the opposite 
breast together with revisional surgery on the previously 
reconstructed breast (Fig. 10.14a, b). Patients who have had 
previous implant surgery before the use of tissue matrices 
often do not have well-defined inframammary folds. If the 

a b

Fig. 10.13 (a) Patient with failed right De-Ep flap and poor result of right De-Ep flap prior to revisional surgery. (b) Result of revisional 
surgery

a b

Fig. 10.14 (a) Patient who had a left breast mastectomy with implant 10 years earlier. Revision surgery involved placing Strattice® in the left 
breast replacing the prosthesis and doing a right mastopexy with a small reduction. (b) Result 2 weeks post-op
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patient has sufficient skin inferiorly, then simply dividing the 
lower part of the capsule and placing a tissue matrix to define 
the inframammary fold and to provide a sling can provide 
much enhanced lower pole projection and allow placement 
of a shaped prosthesis and can produce satisfactory results in 
many patients. Advancement of lower abdominal skin using 
sutures to define and position the inframammary fold in the 
current position is another option. Alternatively autologous 
tissue transfer with or without lipofilling or lipomodelling 
can be offered. Lipomodelling has revolutionised revisional 
surgery and should be considered as part of the reconstruc-
tive options for most women having revisional surgery. Each 
patient requires careful assessment by the reconstructive 
team with sufficient time for the patient to consider all 
options.

10.9.1  Partial Breast Reconstruction

Breast distortion after breast-conserving surgery is not easy 
to correct. Better planning of the initial surgery, closing 
defects, limited resection volume and the use of immediate 
options to reconstruct the breast defects give the best out-
come. Options that limit breast deformity include local flaps 
and immediate lipofilling. For patients who have significant 
degrees of asymmetry following breast- conserving surgery, 
there are a range of options. If the treated breast is small but 
of satisfactory contour, then the simplest option is to perform 
a contralateral breast reduction and mastopexy. The majority 
of patients however have distortion at the wide excision site 
often with displacement of the nipple. Lipofilling or lipo-
modelling can improve distortion and contour, but the prob-
lem of nipple displacement remains. Following two or three 
episodes of lipofilling, it is possible to mobilise the skin of 
the breast and recentralise the nipple on the residual larger 
volume of breast mound. Where there is distortion, lipofill-
ing usually needs to be combined with either scar release or 

open scar revision excising the scar tissue at the wide exci-
sion site and reshaping the residual breast mound to get rid of 
the defect at the wide excision site. Despite multiple epi-
sodes of lipomodelling, some women still have deformity, 
but the breast is usually softer and more mobile. Placement 
of a prosthesis under the treated breast, or even in both 
breasts, has been used to good effect in carefully selected 
patients [81]. The implants can be placed underneath the 
breast or underneath the chest wall muscle. Although it was 
previously considered that implants in breasts treated by 
radiotherapy had a high rate of capsular contraction and 
unsatisfactory cosmetic outcomes, in selected patients, the 
results achieved have been excellent. However with the 
recent improvement in the volumes of fat that can be har-
vested and with the increasing use of lipofilling, the number 
of patients who are either suitable or require breast implants 
to gain satisfactory symmetry is small. In some patients, 
there is a need to replace skin and volume so the use of myo-
cutaneous or even lipocutaneous flaps is the only option to 
obtain symmetry. The LD flap is the most widely used in this 
situation (Fig. 10.15a, b).

When patients are attending for consideration of proce-
dures to achieve symmetry, then it is important to discuss all 
the appropriate and relevant options with the patient and give 
them time to come to an informed decision. Some patients 
with asymmetry attend for advice on the best way to achieve 
symmetry when clothed. This can be achieved very effec-
tively by wearing a shell over the treated breast in the bra 
rather than more complex reconstructive surgical procedures. 
Provision of these external prosthetic shells increases wom-
en’s confidence and their ability to wear a wider range of 
clothes. For many women, surgery to the opposite breast is 
the best option to achieve symmetry. Nonetheless surgery is 
not the only option for such women, and all such women 
should be given access to a properly trained prosthesis fitter 
as well as getting advice from an appropriately trained recon-
structive surgeon.

a b

Fig. 10.15 (a) Patient with a poor cosmetic result pre- and post-LD flap partial breast reconstruction. (b) Post-op result
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10.10  Reconstruction of One or Both 
Breasts

10.10.1  Bilateral Prophylactic Mastectomy 
in High-Risk Women

In the Mayo study of prophylactic mastectomy in high-risk 
women, 1065 women underwent prophylactic mastectomy 
over 32 years [82]. Two thirds were classified as having an 
increased breast cancer risk based on their family history. 
The remainder had a variety of conditions including breast 
pain, cystic disease and difficult mammograms. Ninety per-
cent had a subcutaneous mastectomy which was skin spar-
ing. In these patients, prophylactic mastectomy resulted in an 
over 90% reduction in subsequent breast cancer develop-
ment. Eighty percent of the subcutaneous skin- sparing mas-
tectomies were actually nipple sparing. In this study, of 425 
low-risk women, 10 deaths would have been expected from 
breast cancer, but none were observed which is a 100% risk 
reduction. In the 214 high-risk women, between 11 and 31 
deaths from breast cancer were expected, whereas 2 occurred 
which is an 81–94% reduction in death rate.

Candidates for prophylactic mastectomy should be seen 
at least twice by a breast surgeon and/or a plastic surgeon. It 
is important to allow the woman to assimilate all options and 
have the opportunity to discuss these with either a breast care 
nurse or a psychologist. This is an elective procedure, and 
the decision should not be rushed. The potential benefit of 
risk-reducing surgery must be balanced against the woman’s 
age and risk. Either a genetic counsellor or a breast surgeon 
needs to advise the woman about how risk changes with age. 
Information on the risk over the next 5 years as well as life-
time risk is important in deciding the best age for surgery. 
Issues such as the level of anxiety and plans for having chil-
dren and breast feeding need to be covered in discussions 
about risk-reducing surgery. A range of leaflets are available 
on the Macmillan website written and endorsed by the 
authors [83].

10.11  Timing of Breast Reconstruction

Immediate breast reconstruction is an increasingly appeal-
ing option offering women the option of waking up after 
their mastectomy with a reconstructed breast. This has 
obvious psychological advantages, and patients who 
request immediate reconstruction are usually pleased with 
this decision and their outcomes. Despite the psychological 
benefits of immediate reconstruction, there are some poten-
tial drawbacks including being uncertain of the need for 
post-operative radiotherapy, at the time the decision to 

choose the type of reconstruction is made. For patients hav-
ing breast-conserving surgery in whom it is recognised, the 
surgery will remove a significant volume of tissue these 
women are best to either have reshaping to produce a 
smaller breast but of a satisfactory shape or to have imme-
diate volume replacement by a local flap or by the use of 
immediate lipofilling.

Delayed reconstruction can be performed from several 
days to many years after mastectomy. Contrary to what 
some believe, many women do not become adjusted to 
breast loss. Some surgeons wait 3–6 months after mastec-
tomy or 3–6 months after radiotherapy for the flaps to heal 
and for the skin reaction to settle. This allows time for sero-
mas to resolve and for the patient to have time to consider 
the various options that may be suitable to reconstruct her 
breast. Results for both can be satisfying (Table  10.4; 
Figs. 10.10c and 10.16).

There is a third way. In patients where it is not clear 
whether they need radiotherapy or not, it is possible to place 
a tissue expander under the chest wall. The expander is 
inflated, and this maintains the residual skin [71, 72]. If the 
patient does not need radiotherapy, there is the option of con-
tinuing tissue expansion and replacing this with an implant 
later. For those who require radiotherapy, the expander can 

Table 10.4 Patient’s rating of the results of their surgery at 18 months 
post-operatively

Overall, how 
would you 
describe the results 
of your operation?

Mastectomy 
only

Immediate 
reconstruction

Delayed 
reconstruction

Excellent 1513 (36) 520 (34) 368 (47)
Very good 1565 (37) 505 (33) 242 (31)
Good 786 (19) 288 (19) 101 (13)
Fair 304 (7) 145 (9) 43 (5)
Poor 74 (2) 74 (5) 28 (4)

Fig. 10.16 Delayed right LD with flap lipofilling previous mastec-
tomy with post-operative radiotherapy
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be left in situ and if required reduced in volume to allow 
radiotherapy. A few weeks after completion of radiotherapy, 
the expander is reinflated, and 3 months later, the patient can 
then undergo a further procedure usually bringing in 
 vascularised tissue such as a latissimus dorsi or abdominal 
flap. There is some evidence that the new tissue brought in 
rejuvenates skin which has been irradiated and results in an 
overall better result than performing a straightforward mas-
tectomy, giving radiotherapy and then performing a standard 
delayed breast reconstruction.

10.12  Patient Preferences and Breast 
Reconstruction

There are a variety of studies which have looked at patient 
preferences in relation to breast reconstruction; 386 
patients in one study were included of whom 309 had a 
therapeutic mastectomy and 79 underwent prophylactic 
mastectomy [73]. They were asked to express opinions in 
relation to a number of options including materials used 
for  reconstruction, the number and duration of operations, 
short-term complication rate, long-term complication 
rate, aesthetic results and the time they might spend wait-
ing for the operation. Two-hundred seventy-two patients 
(71%) agreed to participate in this study. Autologous tis-
sue was preferred by these patients to implants, and 
shorter operations were preferred to longer operations. 
Patients preferred excellent results, with low rates of com-
plications, but were willing to trade an excellent result for 
a good result with a lower rate of short-term complica-
tions. Based on what women thought was important, 
autologous LD flap with a good aesthetic result providing 
it only had a 10% complication rate was the highest 
ranked option. Second was an autologous DIEP flap with 
a 10% complication rate and a good result. Third was 
autologous DIEP flap with an excellent result but up to a 
25% complication rate.

Patients select the reconstructive technique which suits 
their wishes after the initial discussion. Generally simpler 
techniques which produce acceptable aesthetic results are 
preferred by most women, but more complex procedures 
generally give better results [3, 84] (Table 10.4). Interestingly 
a study of female plastic surgeons exhibited a strong desire 
to pursue implant-based reconstructions with invasiveness of 
the procedure and recovery time cited as the most important 
reasons [85]. Patients’ understanding of exactly what is 
involved in breast reconstructive surgery was investigated in 
one study where questions were asked in relation to the oper-
ation itself, the recognised complications and how breast 
reconstruction may influence the detection of recurrence. 

The study found that only 37.9% of patients answered the 
questions correctly [86]. Communicating options and pro-
viding informed choice are therefore a huge and ongoing 
problem [87].

Finally body image and the impact of breast reconstruc-
tion change over time (see Fig.  10.6). Body image may 
 initially be worse in patients having reconstruction but 
improves over time, and by 2 years, it is as good as for 
patients having mastectomy or breast-conserving surgery 
[87]. Surgical issues even at 2 years may be still significantly 
greater in patients having reconstruction than for patients 
having breast-conserving surgery. Given the continued fall 
in local recurrence rates after breast-conserving surgery, the 
most important decision in breast reconstruction remains 
whether there are options to retain the patient’s own breast 
safely. Data now suggests that not only are the outcomes as 
good with breast-conserving surgery as with mastectomy; 
they may even be better [88]. There is no subgroup who seem 
to benefit from mastectomy, and with modern oncoplastic 
techniques, there are few absolute contraindications to 
breast-conserving surgery [89]. There is also evidence the 
pain and discomfort [80] and lymphoedema rates [90] are all 
higher with mastectomy than breast-conserving surgery. 
Furthermore, however good a reconstruction is, it is rarely 
ever as good as a well-performed breast-conserving 
procedure.

10.12.1  Nipple Reconstruction

There are a variety of techniques, and examples of the results 
can be seen in Figs. 10.8 and 10.16. Nipple sharing (Fig. 10.5) 
and nipple grafting (Figs. 10.4, 10.7, 10.11 and 10.12) are 
options that should be discussed with patients at the first con-
sultation. Some women are very clear that they are not con-
cerned about nipple reconstruction, whereas others wish for 
nipple preservation providing that it is deemed feasible and 
safe.

References

 1. Knottenbelt A, Spauwen PHM, Wobbes TH (2004) The oncological 
implications of immediate breast reconstruction. Eur J Surg Oncol 
30:829–833

 2. Kronowitz SJ, Hunt KK, Kuerer HM et al (2004) Delayed-immediate 
breast reconstruction. Plast Reconstr Surg 113(6):1617–1628

 3. The NHS Information Centre (2011) National Mastectomy and 
Breast Reconstruction Audit. A national audit of provision and 
outcomes of mastectomy and breast reconstruction surgery for 
women in England Fourth Annual Report 2011. http://www.ic.nhs.
uk/services/national-clinical-audit-support-programme-ncasp/
audit-reports/mastectomy-and-breast-reconstruction

J. M. Dixon and C. Raine



159

 4. Morrow M, Goldstein L (2006) Surgery of the primary tumor in 
metastatic breast cancer: closing the barn door after the horse has 
bolted? J Clin Oncol 24(18):2694–2696

 5. Badwe R, Parmar V, Hawaldar R et al (2013) Surgical removal of 
primary tumor and axillary lymph nodes in women with metastatic 
breast cancer at first presentation: a randomized controlled trial. 
Cancer Res 73(24 Suppl):S2-02

 6. Untch M, von Minckwitz G (2009) Recent advances in systemic 
therapy. Advances in neoadjuvant (primary) systemic therapy with 
cytotoxic agents. Breast Cancer Res 11(2):203

 7. El-Tamer MB, Ward BM, Schifftner T et al (2007) Morbidity and 
mortality following breast cancer surgery in women. National 
Benchmarks for Standards of Care. Ann Surg 245(5):665–671

 8. Beahm EK, Walton RL, Chang DW (2006) Breast reconstruction in 
the obese patient. Plast Reconstr Surg 118(Suppl 4):15–16

 9. Krueger JK, Rohrich RJ (2001) Clearing the smoke: the scientific 
rationale for tobacco abstention with plastic surgery. Plast Reconstr 
Surg 108(4):1063–1073

 10. Chang LD, Buncke G, Slezak S et al (1996) Cigarette smoking, plas-
tic surgery, and microsurgery. J Reconstr Microsurg 12(7):467–474

 11. Sarin CL, Austin JC, Nickel WO (1974) Effects of smoking on digi-
tal blood-flow velocity. JAMA 229(10):1327

 12. Manassa EH, Hertl CH, Olbrisch RR (2003) Wound healing prob-
lems in smokers and nonsmokers after 132 abdominoplasties. Plast 
Reconstr Surg 111(6):2082–2087

 13. Rees TD, Liverett DM, Guy CL (1984) The effect of cigarette 
smoking on skin-flap survival in the face lift patient. Plast Reconstr 
Surg 73(6):911–915

 14. Sorensen LT, Horby J, Friis E et al (2002) Smoking as a risk factor 
for wound healing and infection in breast cancer surgery. Eur J Surg 
Oncol 28(8):815–820

 15. Spear SL, Ducic I, Cuoco F et al (2005) The effect of smoking on 
flap and donor-site complications in pedicled TRAM reconstruc-
tion. Plast Reconstr Surg 116(7):1872–1880

 16. Padubidri AN, Yetman R, Browne E et al (2001) Complications of 
postmastectomy breast reconstructions in smokers, ex-smokers and 
nonsmokers. Plast Reconstr Surg 107(2):2374–2380

 17. Chang DW, Reece GP, Wang B et al (2000) Effect of smoking on 
complications in patients undergoing free TRAM flap breast recon-
struction. Plast Reconstr Surg 105(7):2374–2380

 18. Gill PS, Hunt JP, Guerra AB et al (2004) A 10-year retrospective 
review of 758 DIEP flaps for breast reconstruction. Plast Reconstr 
Surg 113(4):1153–1160

 19. Barber MD, Williams L, Anderson ED et al (2015) Outcome of the 
use of acellular-dermal matrix to assist implant-based breast recon-
struction in a single centre. Eur J Surg Oncol 41(1):100–105

 20. McCarthy CM, Mehara BJ, Riedel E et al (2008) Predicting compli-
cations following expander/implant breast reconstruction: an out-
comes analysis based on preoperative clinical risk. Plast Reconstr 
Surg 121(6):1886–1892

 21. Moller AM, Villebro N, Pederson T et al (2002) Effect of preopera-
tive smoking intervention on postoperative complications: a ran-
domized clinical trial. Lancet 359(9301):114–117

 22. Hultman CS, Daiza S (2003) Skin-sparing mastectomy flap com-
plications after breast reconstruction: review of incidence, manage-
ment and outcome. Ann Plast Surg 50(3):249–255

 23. Lee BT, Adesiyun T, Colakoglu S et  al (2010) Postmastectomy 
radiation therapy and breast reconstruction: an analysis of compli-
cations and patient satisfaction. Ann Plast Surg 64(5):679–683

 24. Berbers J, van Baardwijk A, Houben R et al (2014) ‘Reconstruction: 
before or after postmastectomy radiotherapy?’ A systematic review 
of the literature. Eur J Cancer 50(16):2752–2762

 25. Cordeiro PG, McCarthy CM (2006) A single surgeon’s 12-year 
experience with tissue expander/implant breast reconstruction. 

II. An analysis of long-term complications, aesthetic outcomes, and 
patient satisfaction. Plast Reconstr Surg 118:832–839

 26. Behranwala KA, Dua RS, Ross GM et  al (2006) The influence 
of radiotherapy on capsule formation and aesthetic outcome after 
immediate breast reconstruction using biodimensional anatomical 
expander implants. J Plast Reconstr Aesthet Surg 59:1043–1051

 27. Pomahac B, Recht A, May JW et al (2006) New trends in breast 
cancer management: is the era of immediate breast reconstruction 
changing? Ann Surg 244:282–288

 28. Prantil L, Schremi S, Fichtner-Feigl S et  al (2007) Clinical and 
morphological conditions in capsular contracture formed around 
silicone breast implants. Plast Reconstr Surg 120(1):275–284

 29. Colwell AS, Damjanovic B, Zahedi B et al (2011) Retrospective 
review of 331 consecutive immediate single-stage implant recon-
structions with acellular dermal matrix: indications, complications, 
trends, and costs. Plast Reconstr Surg 128(6):1170–1178

 30. Kobraei EM, Nimtz J, Wong L et al (2012) Risk factors for adverse 
outcome following skin-sparing mastectomy and immediate pros-
thetic reconstruction. Plast Reconstr Surg 129(2):234e–241e

 31. Komorowska-Timek E, Gurtner GC (2010) Intraoperative perfu-
sion mapping with laser-assisted indocyanine green imaging can 
predict and prevent complications in immediate breast reconstruc-
tion. Plast Reconstr Surg 125(4):1065–1073

 32. Chang HR (2010) Trastuzumab-based neoadjuvant ther-
apy in patients with HER2-positive breast cancer. Cancer 
116(12):2856–2867

 33. Dixon JM, Renshaw L, Dixon J et al (2011) Invasive lobular car-
cinoma: response to neoadjuvant letrozole therapy. Breast Cancer 
Res Treat 130(3):871–877

 34. Macaskill EJ, Dixon JM (2012) Preoperative endocrine ther-
apy: preferred therapy for whom? Curr Breast Cancer Rep 
4(1):39–47

 35. Musgrave KJ, Bochner M, Kollias J (2010) Surgical decision- 
making in immediate breast reconstruction. World J Surg 
34(12):3029–3035

 36. Govindarajulu S, Narreddy S, Shere MH et al (2006) Preoperative 
mammotome biopsy of ducts beneath the nipple areola complex. 
Eur J SUrg Oncol 32(4):410–412

 37. Fan J, Raposio E, Wang J et al (2002) Development of the inframa-
mmary fold and ptosis in breast reconstruction with textured tissue 
expanders. Aesthetic Plast Surg 26(3):219–222

 38. Benediktsson KP, Perbeck L (2008) Survival in breast cancer after 
nipple-sparing subcutaneous mastectomy and immediate recon-
struction with implants: a prospective trial with 13 year median 
follow-up in 216 patients. Eur J Surg Oncol 34:143–148

 39. Chun YS, Verma K, Rosen H et  al (2010) Implant-based breast 
reconstruction using acellular dermal matrix and the risk of postop-
erative complications. Plast Reconstr Surg 125(2):429–436

 40. Macadam SA, Lennox PA (2012) Acellular dermal matrices: use 
in reconstructive and aesthetic breast surgery. Can J Plast Surg 
20(2):75–89

 41. Goyal A, Wu JM, Chandran VP et al (2011) Outcome after autolo-
gous dermal sling-assisted immediate breast reconstruction. Br J 
Surg 98:1267–1272

 42. Hamdi M, Van LAnduyt K, Hijjawi JB et  al (2008) Surgical 
technique in pedicled thoracodorsal artery perforator flaps: 
a clinical experience with 99 patients. Plast Reconstr Surg 
121:1632–1641

 43. Delay E, Gounot N, Bouillot A et  al (1998) Autologous latissi-
mus breast reconstruction: a 3-year clinical experience with 100 
patients. Plast Reconstr Surg 102:1461–1478

 44. Kroll SS, Baldwin B (1992) A comparison of outcomes using three 
different methods of breast reconstruction. Plast Reconstr Surg 
90(3):455–462

10 Breast Cancer Patient and Reconstructive Consultation



160

 45. Barnett GR, Gianoutsos MP (1996) The latissimus dorsi added fat 
flap for natural tissue breast reconstruction: report of 15 cases. Plast 
Reconstr Surg 97:63–70

 46. Sinna R, Delay E, Garson S et al (2010) Breast fat grafting (lipo-
modelling) after extended latissimus dorsi flap breast reconstruc-
tion: a preliminary report of 200 consecutive cases. J Plast Reconstr 
Aesthet Surg 63(11):1769–1777

 47. Burgic M, Bruant Rodier C, Wilk A et  al (2010) Complications 
following autologous latissimus flap breast reconstruction. Bosn J 
Basic Med Sci 10(1):65–67

 48. Nahabedian NY, Tsangaris T, Momen B (2005) Breast reconstruc-
tion with the DIEP flap or the muscle-sparing (MS-2) free TRAM 
flap: is there a difference? Plast Reconstr Surg 115:436–444

 49. Nahabedian MY, Momen B, Galdino G et al (2002) Breast recon-
struction with the free TRAM or DIEP flap: patient selection, 
choice of flap, and outcome. Plast Reconstr Surg 110:466–475

 50. Delay E, Garson S, Tousson G et  al (2009) Fat injection to the 
breast: technique, results and indications based on 880 procedures 
over 10 years. Aesthet Surg J 29(5):360–378

 51. Coleman SR, Saboeiro AP (2007) Fat grafting to the breast revis-
ited: Safety and efficacy. Plast Reconstr Surg 119(3):775–787

 52. Illouz YG, Sterodimas A (2009) Autologous fat transplantation 
to the breast: a personal technique with 25 years of experience. 
Aesthetic Plast Surg 33(5):706–715

 53. Rigotti G, Marchi A, Stringhini P et  al (2010) Determining the 
oncological risk of autologous lipoaspirate grafting for post-mas-
tectomy breast reconstruction. Aesthetic Plast Surg 3(4):475–480

 54. Zheng DN, Li QF, Lei H et  al (2008) Autologous fat graft-
ing to the breast for cosmetic enhancement: experience in 66 
patients with long-term follow up. J Plast Reconstr Aesthet Surg 
61(7):792–798

 55. Fraser JK, Hedrick MR, Cohen SR (2011) Oncologic risks of autol-
ogous fat grafting to the breast. Aesthet Surg J 31(1):68–75

 56. Macmillan Cancer Support (2014) Understanding breast recon-
struction. MAC11660 (11th edn). http://be.macmillan.org.uk/be/s-
603-surgery.aspx. Accessed 26 June 2015

 57. Hudson DA (2004) Factors determining shape and symmetry in 
immediate breast reconstruction. [see comment]. Ann Plast Surg 
52(1):15–21

 58. Shaikh-Naidu N, Preminger BA, Rogers K et al (2004) Determinants 
of aesthetic satisfaction following TRAM and implant breast recon-
struction. Ann Plast Surg 52(5):465–470, discussion 470

 59. Carlson GW, Losken A, Moore B et al (2001) Results of immedi-
ate breast reconstruction after skin-sparing mastectomy. Ann Plast 
Surg 46(3):222–228

 60. Rivadeneira DE, Simmons RM, Fish SK et al (2000) Skin-sparing 
mastectomy with immediate breast reconstruction: a critical analy-
sis of local recurrence. Cancer J 6(5):331–335

 61. Medina-Franco H, Vasconez LO, Fix RJ et al (2002) Factors asso-
ciated with local recurrence after skin-sparing mastectomy and 
immediate breast reconstruction for invasive breast cancer. Ann 
Surg 235(6):814–819

 62. Ho CM, Mak CK, Lau Y et al (2003) Skin involvement in invasive 
breast carcinoma: safety of skin-sparing mastectomy. [see com-
ment]. Ann Surg Oncol 10(2):102–107

 63. Singletary SE, Robb GL (2003) Oncologic safety of skin-sparing 
mastectomy. [see comment]. Ann Surg Oncol 10(2):95–97

 64. Spiegel AJ, Butler CE (2003) Recurrence following treatment of 
ductal carcinoma in situ with skin-sparing mastectomy and imme-
diate breast reconstruction. Plast Reconstr Surg 111(2):706–711

 65. Carlson GW, Styblo TM, Lyles RH et al (2003) Local recurrence 
after skin-sparing mastectomy: tumor biology or surgical conserva-
tism? [comment]. Ann Surg Oncol 10(2):108–112

 66. Fisher B, Anderson S, Redmond CK et al (1995) Reanalysis and 
results after 12 years of follow-up in a randomized clinical trial 
comparing total mastectomy with lumpectomy with or without 

 irradiation in the treatment of breast cancer. [see comment]. N Engl 
J Med 333(22):1456–1461

 67. Petit Y, Veronesi U, Orecchia R et al (2005) Nipple-sparing mastec-
tomy in association with intra operative radiotherapy (ELLIOT): a 
new type of mastectomy for breast cancer treatment. Breast Cancer 
Res Treat 27:1–5

 68. Caruso F, Ferrara M, Gastiglione G et  al (2006) Nipple sparing 
subcutaneous mastectomy: sixty-six month follow up. Eur J Surg 
Oncol 32:937–940

 69. Petit JY, Veronesi U, Rey P et  al (2009) Nipple-sparing mastec-
tomy: risk of nipple-areolar recurrences in a series of 579 cases. 
Breast Cancer Res Treat 114(1):97–101

 70. Petit JY, Veronesi U, Lohsiriwat V et al (2011) Nipple-sparing mas-
tectomy – is it worth the risk? Nat Rev Clin Oncol 8(12):742–747

 71. Kronowitz SJ (2010) Delayed-immediate breast reconstruc-
tion: technical and timing considerations. Plast Reconstr Surg 
125(2):463–474

 72. Kronowitz SJ, Lam C, Terefe W (2011) A multidisciplinary proto-
col for planned skin-preserving delayed breast reconstruction for 
patients with locally advanced breast cancer requiring postmas-
tectomy radiation therapy: 3-year follow up. Plast Reconstr Surg 
127(6):2154–2166

 73. Damen TH, de Bekker-Grob EW, Mureau MA et al (2011) Patients’ 
preferences for breast reconstruction: a discrete choice experiment. 
J Plast Reconstr Aesthet Surg 64(1):75–83

 74. Spear SL, Rottman SJ, Seiboth LA et al (2012) Breast reconstruc-
tion using a staged nipple-sparing mastectomy following masto-
pexy or reduction. Plast Reconstr Surg 129(3):572–581

 75. King TA, Sakr R, Patil S et al (2011) Clinical management factors 
contribute to the decision for contralateral prophylactic mastec-
tomy. J Clin Oncol 29(16):2158–2164

 76. Robertson C, Arcot Ragupathy SK, Boachie C et al (2011) The clin-
ical effectiveness and cost effectiveness of different surveillance 
mammography regimens after the treatment for primary breast can-
cer: systematic reviews, registry database analyses and economic 
evaluation. Health Technol Assess 15(34):1–322

 77. Houssami N, Ciatto S, Macaskill P et al (2008) Accuracy and surgi-
cal impact of MRI in breast cancer staging: systematic review and 
meta-analysis in detection of multifocal and multicentric cancer. J 
Clin Oncol 26(19):3248–3258

 78. Brennan ME, Houssami N, Lord S et al (2009) Magnetic resonance 
imaging screening of the contralateral breast in women with newly 
diagnosed breast cancer: systematic review and meta-analysis of 
incremental cancer detection and impact on surgical management. 
J Clin Oncol 27(33):5640–5649

 79. Bedrosian I, Hu CY, Chang GJ (2010) Population-based study of 
contralateral prophylactic mastectomy and survival outcomes of 
breast cancer patients. J Natl Cancer Inst 102(6):401–409

 80. Gahm J, Wickman M, Brandberg Y (2010) Bilateral prophylactic 
mastectomy in women with inherited risk of breast cancer – preva-
lence of pain and discomfort, impact on sexuality, quality of life 
and feelings of regret two years after surgery. Breast 19(6):462–469

 81. Schaverien MV, Stutchfield BM, Raine C et al (2012) Implant-
based augmentation mammaplasty following breast conservation 
surgery. Ann Plast Surg 69(3):240–243

 82. Hartmann LC, Schaid DJ, Woods JE et al (1999) Efficacy of bilat-
eral prophylactic mastectomy in women with a family history of 
breast cancer. N Engl J Med 340(2):77–84

 83. Macmillan (2014) Understanding risk reducing breast sur-
gery. MAC11680 (4th edn). http://be.macmillan.org.uk/
Downloads /Cance r In fo rma t ion /Tes t sAndTrea tmen t s /
MAC11680Riskreducingbreast-E4.pdf. Accessed 24 July 2015

 84. Winters ZE, Benson JR, Pusic AL (2010) A systematic review of 
the clinical evidence to guide treatment recommendations in breast 
reconstruction based on patient-reported outcome measures and 
health-related quality of life. Ann Surg 252(6):929–942

J. M. Dixon and C. Raine



161

 85. Sbitany H, Amalfi AN, Langstein HN (2009) Preferences in choos-
ing between breast reconstruction options: a survey of female plas-
tic surgeons. Plast Reconstr Surg 124(6):1781–1789

 86. Lee CN, Belkora J, Chang Y et al (2011) Are patients making high- 
quality decisions about breast reconstruction after mastectomy? 
Plast Reconstr Surg 127(1):18–26

 87. Collins KK, Liu Y, Schootman M et  al (2011) Effects of breast 
cancer surgery and surgical side effects on body image over time. 
Breast Cancer Res Treat 126(1):167–176

 88. Hwang ES, Lichtensztajn DY, Gomez SL et  al (2013) Survival 
after lumpectomy and mastectomy for early stage invasive breast 

cancer: the effect of age and hormone receptor status. Cancer 
119(7):1402–1411

 89. Dixon JM (2014) Breast conserving surgery: the balance between 
good cosmesis and local control. In: Dixon JM (ed) A companion 
to specialist surgical practice: breast surgery, 5th edn. Elsevier, 
Edinburgh, pp 51–70

 90. Tsai RJ, Dennis LK, Lynch CF et al (2009) The risk of developing 
arm lymphedema among breast cancer survivors: a meta-analysis 
of treatment factors. Ann Surg Oncol 16(7):1959–1972

10 Breast Cancer Patient and Reconstructive Consultation



163© Springer International Publishing AG, part of Springer Nature 2019
C. Urban et al. (eds.), Oncoplastic and Reconstructive Breast Surgery, https://doi.org/10.1007/978-3-319-62927-8_11

Aesthetic Principles for Breast 
Reconstruction: Breast Aesthetic Units 
and Evaluation of Late Aesthetic Results

Marcelo M. C. Sampaio and Murillo Fraga

11.1  Introduction

Aesthetics (aisthésis) is a branch of philosophy dealing 
with the study of nature and beauty. Several philosophers 
have encountered great difficulty when attempting to 
define beauty, or even ugliness, and even more when 
attempting to quantify this property. Kant, a respected phi-
losopher whose aesthetic notions were quoted by his peers, 
asserted that it was impossible to establish theoretical rules 
to build beautiful things.

Upon attempting to establish aesthetic notions, physicians 
face difficulties in scientifically validating their results. 
Individual criteria are invariably attributed to judgment.

Because it is a subjective matter, aesthetic assessment 
imposes limitations on science’s attempts to measure it. In 
breast reconstruction, a result is deemed good when it pleases 
most people, especially the patient. Questionnaires on quality 
of life can be applied as a scientific method to assess results, 
although quite often they were developed for other medical 
areas and later adapted for plastic surgery. Another possibility 
is to apply a statistically validated specific questionnaire to 
the assessment of results. Recently, one such questionnaire, 
the BREAST-Q, was validated [1]. After application to 817 
women, it proved to be an efficient instrument to assess aes-
thetic or reconstructive surgery of the breast. The develop-
ment of standardized questionnaires is important because 
these instruments allow comparisons among publications by 
different institutions and thus represent a powerful scientific 
tool. This questionnaire has been used in several clinical stud-
ies. Howes et al. [2] analyzed quality of life in women who 
were submitted to mastectomies, followed or not by immedi-
ate breast reconstruction, and compared to quality of life in 
women who had breast-conserving surgeries. In this study, 
the BREAST-Q was applied to 400 patients. Authors con-
cluded that women who undergo total mastectomy and breast 

reconstruction achieve a quality of life outcome which is at 
least as good as the following breast- conserving surgery. 
Adding to that, the latter was associated with lower physical 
well-being in the chest area and poorer sexual well-being out-
comes. Another group of researchers applied this same ques-
tionnaire to 1790 women who had breast reconstruction with 
autologous tissue: deep inferior epigastric artery perforator 
(DIEP) flap, muscle-sparing free transverse abdominis myo-
cutaneous (TRAM) flap, free TRAM flap, or the pedicled 
TRAM flap. The authors concluded that the DIEP was associ-
ated with the highest abdominal well-being and the lowest 
abdominal morbidity compared to the pedicled TRAM flap; 
however it did not differ from muscle-sparing free TRAM or 
free TRAM flaps [3].

In recent years, there has been increasing concern with 
judging the effectiveness of plastic surgery procedures by 
means of questionnaires. Despite its biases, this method sup-
ports the consolidation of surgical procedures based on the 
improvement of the quality of life. The BREAST-Q might 
become an effective instrument for this purpose because it 
was developed specifically for plastic surgery and allows for 
the standardization of the assessment of results in future 
literature.

Are quality-of-life questionnaires able to assess aesthetic 
results? This question is the subject of long-standing debate, 
because even if it were proven that plastic surgery positively 
impacts quality of life, it is very difficult to quantify aesthet-
ics. Despite these shortcomings, questionnaires represent an 
important tool for the validation of surgical techniques and 
may eventually compel health insurance companies to fund 
these procedures.

Owing to the difficulties in establishing a scientific 
method of assessing aesthetic results in plastic surgery, many 
of the notions discussed in this study are purely empirical 
and thus offer a low level of scientific evidence.
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11.2  Breast Reconstruction

Breasts are viewed by many as a fundamental indicator of 
femininity or as an element of sexual attraction, and they 
represent a very important factor in the psychosocial balance 
of women.

Since 1980, postmastectomy breast reconstruction has 
become an integral part of the therapeutic plan in breast 
cancer. Evidence of the oncologic safety of this procedure 
and developments and advancements in several surgical 
techniques allow satisfactory reconstruction of the shape and 
size of breasts.

The first decision to be made concerns the most appropri-
ate time to perform the reconstruction, namely, whether dur-
ing the same surgery as mastectomy or delayed by several 
months or years.

In ideal circumstances, immediate is preferred to delayed 
reconstruction. Patients are thus spared the trauma caused by 
breast amputation and have better odds of good aesthetic 
results because the anatomical elements are better preserved 
and less susceptible to the effects of late wound healing.

The choice of the reconstruction technique involves a 
complex assessment that must begin at the preoperative 
evaluation. The clinical history and physical examination 
allow not only the estimation of the anesthetic and surgical 
risks but also prediction of the viability of certain 
reconstruction techniques. Ideally, reconstruction must be 
individualized, and no priority should be attributed a priori to 
any of the several available possibilities.

There are several techniques for breast reconstruction. 
They differ as the amount of tissue to be removed in the 
mastectomy varies. Also, the location of the tumor and the 
possibility of autologous tissue donor sites are considered.

The anatomical elements that might require replacement 
include the skin, glandular tissue, and areolar–papillary 
complex. The extent and localization of the replaced tissue 
depend on the oncologic surgical treatment.

Breast reconstruction historically passed through several 
evolutionary phases as a function of its results. Initially, 
surgeons sought only to create a mammary volume. Next, the 
challenge was to give a proper shape to the reconstructed 
breast. Currently, it is possible to reconstruct symmetric 
breasts, aiming at attaining better balance between them. 
However, the search for perfection continues, and recently, 
an aesthetic concern arose regarding reconstruction. The 
challenge of applying aesthetic notions to reconstruction has 
become a trend, and the description of the anatomical units 
of the breasts and the chest wall motivates the discussions.

The assessment of the aesthetic results of reconstruction 
focuses on the attaining symmetric breasts in volume, 
shape, and position in the chest. This symmetry is a primor-
dial, universally accepted notion, which is the goal of all 
patients. A new aesthetic criterion to consider was recently 

described and concerns the anatomical units of the breast. 
According to this principle, instead of repairing only the 
damage caused by the oncologic surgical treatment, the 
total reconstruction of these units might afford better aes-
thetic results [4, 5].

11.3  Breast Aesthetic Units

Burget and Menick [6] described the aesthetic subunits in 
nose reconstruction. The idea that the replacement of a full 
unit was better than partial reconstruction induced an 
extraordinary improvement in results. Similarly to nose 
reconstruction, the principle of aesthetic subunits in the 
planning of reconstructive breast surgery might result in 
better quality of the final results.

One of the objectives is to restore the tissue in the most 
similar and natural manner possible with minimal scarring 
trauma.

In aesthetic breast surgery, surgeons choose to perform 
the incisions on the skin folds and anatomical sulci (axillary 
fold, inframammary fold, and areolar margin), thus reducing 
the stigma of a surgical intervention. In reconstructive 
surgery, this principle might not be followed due to the 
oncologic priority of the treatment. The location and extent 
of the neoplasm determine the position of the scars. 
Nevertheless, the current approach still considers the 
aesthetic side without interfering in the local–regional 
treatment of disease [7, 8].

On these grounds, in recent years, the concept of breast 
oncoplastic surgery emerged, which might be defined as the 
balance between the maximal local–regional control of 
breast cancer and the minimal possible trauma. In the 
literature on breast cancer, the breasts were described as 
geometric circles divided into quadrants (“mammary mass”), 
without taking into account the natural and anatomical shape 
(of a drop) or the aesthetic demarcation lines. Surgical 
incisions on uncovered areas of the skin are aesthetically 
unpleasant. One of the main stigmas associated with the full 
process of breast reconstruction is the scar resulting from the 
catheter inserted to infuse chemotherapy agents, which 
remain visible on the upper chest area in the vast majority of 
patients [5].

In 1999, Restifo [9] applied the concept of breast aes-
thetic units in delayed reconstructions with a TRAM flap. In 
those cases where the lower flap was affected, the entire 
lower pole was replaced by the skin island derived from the 
abdominal flap (TRAM flap).

A similar principle was applied by Coutinho et al. [10], 
who observed that it is often preferable to sacrifice a part 
of the preserved tissue and replace the full anatomical unit 
to obtain more harmonious results. These same authors 
also reported their preference for single horizontal or 
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oblique scars that do not encroach on the upper medial 
quadrant.

In fact, the concept of anatomical subunits in surgical 
planning aiming to achieve better aesthetic results has been 
applied. In 2006, Song et al. [11] evaluated the results of 100 
patients who had undergone reconstruction with TRAM 
flaps. When the breast reconstruction was divided into 
aesthetic subunits, there was a high degree of correlation 
between the overall score and the subunit scores (r = 0.81: 
r > 0.6 for good correlation).

11.4  Langer’s Lines

Karl Langer, an Austrian anatomist, studied the skin of non-
embalmed corpses and found that although the bundles of 
dermal collagen fibers are placed in all directions, thus 
resulting in a resistant tissue, in any particular location, most 
fibers follow the same direction. He noticed that boring 
wounds produced by an ice pick on the skin of a corpse are 
slit-shaped rather than rounded because the ice pick divides 
the dermis according to the prevailing direction of the colla-
gen fibers and thus allows the wound to open. The prevailing 
pattern of the collagen fibers determines the characteristic 
tension and wrinkles of the skin. The cleavage lines (also 
known as lines of minimum tension or Langer’s lines) tend to 
be longitudinal spirals in the limbs and transverse in the neck 
and trunk [12].

Whenever possible, surgeons choose to follow the cleav-
age lines because they afford better-looking scars (Fig. 11.1).

11.5  The Subunit Principle

On the grounds of the breast subunit principle, two major 
approaches to reconstruction are described:

 1. Reconstructions with flaps respecting the aesthetic sub-
units and thus producing good results

 2. Reconstructions not respecting the aesthetic subunits 
and thus giving a patch-like appearance to the anterior 
chest area

The aesthetic subunits are characterized by the type of the 
skin, including its hue, texture, and thickness. These 
characteristics convey a uniform visual impression. The 
anatomical transitions between the breast and its boundaries, 
mainly the skin of the chest and the upper abdomen, 
demarcate clear transitional areas. Differences in the skin 
hue determine the characterization of the subunits and are 
crucial for the aesthetics of reconstruction.

Transitions are perceptible between the following locations:

• Breast skin and areola
• Areola and nipple
• Breast skin and sternum skin
• Breast skin and upper abdomen skin
• Breast skin and lateral chest wall skin

Spear and Davison [13], in a 2003 review covering 10 
years, assessed 264 patients who underwent reconstruction 
with autologous tissue and concluded that the main breast 
subunits to be reconstructed and that delivered the best 
results in terms of appearance and scar camouflage were the 
areolar–papillary complex and the periareolar area. Once 
again, they emphasized the importance of taking these 
structures into account in surgical planning to achieve good 
results.

11.6  Reconstruction in Partial 
Mastectomies

The main goal of partial reconstruction is to preserve the 
cone shape of the breasts with the areolar–papillary com-
plex centered on the breast projection apex. Scars must be 
linear or oblique and follow the lines of force (Langer’s 
lines). Whenever possible, it is advisable to place the scars 
in the lower quadrants, inframammary fold, and periareolar 
area. The most difficult areas, which result in more visible 
scars, are the upper medial quadrants, which are not covered 
by the clothes.

The skin resection should be performed concentrically to 
the tumor, thus allowing the appropriate orientation of scars 
toward the better-camouflaged areas of the breasts (Fig. 11.2).Fig. 11.1 Breast Langer’s lines

11 Aesthetic Principles for Breast Reconstruction: Breast Aesthetic Units and Evaluation of Late Aesthetic Results



166

11.7  Classification of Aesthetic Results 
According to the Position of Scars 
(Sampaio and Fraga)

According to the principles of the position and quality of 
scars in breast reconstruction, the scars may be classified 
into five types in decreasing order as a function of the 
aesthetic results (Fig. 11.3):

 1. Periareolar scar (most favorable)
 2. Scar on the lower pole
 3. Scar on the upper lateral quadrant
 4. Scar on the upper medial quadrant
 5. Scar crossing over quadrants (least favorable)

11.8  Reconstruction in Total Mastectomies

Attention to the breast subunits favors the aesthetic results of 
reconstruction. Scars on the inframammary fold and lateral 
wall of the chest have better quality than scars on the medial 
and upper pole.

The total reconstruction of one breast segment affords 
better results than the reconstruction of one quadrant because 
it avoids the patch-like appearance.

The approach to reconstruction that emphasizes the 
importance of the breast aesthetic units affords surgeons the 
possibility of choosing the best surgical technique and of 
offering patients differentiated and more attractive results.

Classification of Breast Reconstruction Results According 
to the Position of the Flap (Sampaio and Fraga)

According to the principles of flap position and scar qual-
ity in mastectomies, we may classify the reconstruction types 
from the aesthetic point of view into four types in decreasing 
order (Fig. 11.4):

 1. Flap in the lower pole (most favorable)
 2. Flap in the upper pole
 3. Full breast reconstruction
 4. Central flap crossing over quadrants (least favorable)

11.9  Long-Term Results of Breast 
Reconstructions

11.9.1  Psychological Aspects

A series of studies performed in the last 25 years considered 
the psychological aspects of patients who underwent 
mastectomy.

The earliest reports described a wide range of disorders, 
ranging from depression to the loss of the body image and 
eventually to suicide attempts.

Recently, more thorough studies have defined the psy-
chosocial traumas related to mastectomies, which include 
loss of femininity and mood, interpersonal, and conjugal 
disorders [14]. In this context, the loss of the nipple–areola 
complex has great importance, considering that patients 
submitted to surgeries that preserve it have better self-image 
and sexuality [15].

Breast reconstruction acts as a “reverse mastectomy,” and 
it provides the most effective means of restoring biopsycho-
social well-being.

The most frequently performed types of breast recon-
struction are expanders, implants, expander prostheses, and 
autologous flaps (TRAM and latissimus dorsi flaps).

In 2000, Wilkins et al. [16] compared the psychological 
benefits of breast reconstruction on the basis of the time 
and type of procedure. They concluded that both immediate 
and delayed reconstructions promote substantial psycho-
logical benefits and that the type of reconstruction 
(expander/implants versus pedicled or free TRAM flap) in 
immediate reconstruction does not significantly affect the 
psychological status.

Recent data on breast cancer surgical treatment in 44,410 
women in the United States revealed that since 2005, rates of 
immediate reconstruction and the use of implants have 
increased [17].

In delayed reconstruction, the use of expanders/implants 
promotes greater improvement of vitality and well-being, 
whereas the use of autologous flaps is associated with more 
remarkable improvement of the body image [16].

Fig. 11.2 The skin resection should be performed concentrically to the 
tumor, thus allowing the appropriate orientation of the scars toward the 
better-camouflage áreas of the breast
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Fig. 11.3 (a) Type I—periareolar scar. (b) Type II—Scar on the lower pole. (c) Type III—Scar on the upper lateral quadrant. (d) Type IV—Scar 
on the upper medial quadrant. (e) Type V—Scar crossing over quadrants
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11.9.2  Complications of Postmastectomy 
Breast Reconstructions

In 2002, Alderman et  al. [18] assessed the complications 
associated with the timing and type of reconstruction, as well 
as other variables, such as body mass index, radiotherapy, 
chemotherapy, age, and smoking. A total of 326 patients 
were analyzed, and the complications were classified as total 
or partial.

The results showed that immediate reconstructions are 
associated with a higher (statistically significant) rate of both 

total and partial complications compared with delayed 
reconstructions [18].

The body mass index is a variable associated with higher 
(statistically significant) rates of complications indepen-
dently of the time and type of reconstruction [18].

No significant differences were observed in the rate of 
complications for the remaining variables or the type of pro-
cedure. However, certain evidence suggests higher rates of 
total and partial complications with the use of implants com-
bined with radiotherapy and in patients who undergo recon-
struction with a TRAM flap and have chemotherapy [18].

Fig. 11.3 (continued)
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Fig. 11.4 (a) Type I—Flap in the lower pole. (b) Type II—flap in the upper pole. (c) Type III—Full breast reconstruction. (d) Type IV—Central 
flap crossing over quadrants
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Neoadjuvant Treatment in Breast 
Cancer

Rui Wang and Chau Dang

Abbreviation

BCS Breast-conserving surgery
DFS Disease-free survival
EFS Event-free survival
ER Estrogen receptor
HER2 Human epidermal growth factor receptor 2
HR Hormonal receptor
HRD Homologous recombination deficiency
OR Odds ratios
OS Overall survival
pCR Pathologic complete response
RR Clinical response rate

12.1  Introduction

Neoadjuvant therapy is defined as systemic therapy prior to 
definitive surgical treatment which includes chemotherapy, 
biologic therapy (i.e., HER2-targeted agents in HER2- 
positive disease), and hormonal therapy (in hormonal 
receptor-positive disease). Since the 1970s, neoadjuvant 
therapy has been routinely utilized as a standard treatment 
approach in patients with inoperable, locally advanced 
disease, or inflammatory breast cancer. It is administered to 
downstage the tumor, rendering an inoperable tumor to 
operable and to convert an indication for mastectomy to 
breast-conserving surgery, and to downstage the axilla. Other 
potential advantages include monitoring response to therapy 
and providing prognostic information such as attaining a 
pathological response rate (pCR), which can potentially 
serve as a short-term surrogate that may be predictive of 

favorable long-term outcomes [1–5]. It may also provide an 
ideal framework for biomarker studies utilizing breast tumor 
tissue, blood samples, and other clinical information that can 
be analyzed before, during, and after treatment, thus facili-
tating real-time clinical and biological assessment of the 
study regimen [6, 7]. However, neoadjuvant therapy has not 
been shown to improve long-term outcomes including dis-
ease-free survival (DFS) or overall survival (OS) compared 
with adjuvant chemotherapy [8, 9]. Of note, neoadjuvant 
chemotherapy may be associated with an increased risk of 
locoregional recurrence compared with adjuvant therapy, 
which could be due to the higher rates of breast conservation 
rates with NACT [8]. This is of limited concern given no 
effects on DFS and OS.

12.2  Pretreatment Evaluation

Prior to treatment, all patients will need a biopsy (preferably 
a core biopsy) of the primary tumor to confirm the presence 
of invasive tumor and evaluate receptor status [estrogen 
receptor (ER), progesterone receptor (PR), and HER2]. The 
preferred neoadjuvant therapy will depend on these charac-
teristics. Radiopaque clips should be placed in the tumor 
prior to initiate neoadjuvant therapy to allow for the confir-
mation that the site of the tumor was removed and pathologic 
assessment of the surgical specimen, especially in the setting 
of pCR, is obtained. In addition, appropriate imaging, includ-
ing mammography, ultrasound, or magnetic resonance imag-
ing (MRI), can be used to assess the extent of the disease. For 
patients with clinical stage III disease and inflammatory 
breast cancer, further imaging to detect metastatic disease 
may be considered.

If axillary lymph nodes are palpable, an ultrasound- 
guided fine needle aspiration (FNA) or a core needle biopsy 
(CNB) will be required to confirm metastatic involvement. If 
axillary lymph nodes are not palpable, an axillary ultrasound 
is not required but can be considered to rule out pathological 
involvement prior to initiation of neoadjuvant therapy.
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12.3  Measurement of Response

During and following neoadjuvant therapy, regular clinical 
examination and proper imaging are necessary to document 
the response to therapy. Advances in ultrasound and MRI 
make these modalities good options for monitor treatment 
response. MRI may be the best currently available imaging 
to assess the extent of disease during and following neoadju-
vant therapy.

12.3.1  Pathologic Complete Response (pCR) 
as an Evaluable Endpoint 
in Neoadjuvant Trials

In neoadjuvant studies, pCR has appropriately predictive 
long-term outcomes and, hence, has been considered as a 
potential surrogate marker for long-term benefits [3]. The 
pooled analysis from the Collaborative Trials in Neoadjuvant 
Breast Cancer (CTNeoBC) involved 11,955 patients, and 
three definitions of pCR (ypT0 ypN0, ypT0/is ypN0, and 
ypT0/is) and the corresponding prognosis were analyzed 
[10]. Event-free survival (EFS) and OS were found to be sig-
nificantly worse for the group with residual nodal involve-
ment and similar in the groups (ypT0 ypN0 or ypT0/is 
ypN0). The likelihood of pCR in breast cancer was influ-
enced by the biological subtype. For example, patients with 
tumors with luminal A features had the lowest pCR but better 
DFS and OS outcomes. Conversely, patients with TNBC had 
better pCR rates but poorer survival outcomes [11]. 
Furthermore, this pooled analysis demonstrated that pCR 
was a relevant surrogate endpoint in patients with the most 
aggressive tumor types (i.e., TNBC and HER2-positive and 
hormone receptor-negative). This was further confirmed in a 
pooled analysis in which pCR was a suitable surrogate for 
DFS in patients with HER2-positive/non-luminal, triple- 
negative, and luminal B/HER2-negative disease [12].

12.4  Neoadjuvant Treatment for Hormone 
Receptor-Positive, HER2-Negative 
Breast Cancer

12.4.1  Neoadjuvant Chemotherapy

Chemotherapy is the standard neoadjuvant treatment for 
patients with hormone receptor-positive disease. 
Chemotherapy can downstage the primary tumor and facili-
tate better surgical options but is less likely to achieve a pCR 
in HR-positive cancers [2, 10]. This was demonstrated in 
CTNeoBC in which 2616 patients had HR-positive, HER2-
negative disease [10]. The frequency of pCR in this popula-
tion was greater for high-grade tumors compared with low- to 

intermediate-grade tumors (16% vs. 8%). Patients with 
HR-positive disease who achieved a pCR also had improved 
survival outcomes relative to those who did not [2]. However, 
using pCR to predict outcomes in patients with HR-positive 
disease was limited given the low rate of pCR and the gener-
ally favorable survival outcomes, likely due to utilization of 
adjuvant endocrine therapy [13, 14].

Similar to chemotherapy in the adjuvant setting, most 
patients who receive neoadjuvant chemotherapy should 
receive anthracycline-based regimens such as dose-dense 
(every 2 weeks) doxorubicin and cyclophosphamide 
(AC) × 4 cycles followed by weekly or every 2-week pacli-
taxel or every 3-week docetaxel as the backbone of neoadju-
vant therapy. The benefit of anthracycline-taxane regimens 
over anthracycline (without taxane) was demonstrated in the 
adjuvant setting [15] as well as directly in the neoadjuvant 
setting [16]. For example, the National Surgical Adjuvant 
Breast and Bowel Project (NSABP) B27 trial randomized 
2411 patients to either neoadjuvant AC (group 1) or AC fol-
lowed by D (group 2) or AC followed by surgery and then 
followed by adjuvant D (group 3). With a median follow-up 
of 8 years, patients on AC followed by D in the neoadjuvant 
setting had higher rates of clinical response (91% vs. 86%) 
and pCR rate (26% vs. 13%) than those who had neoadju-
vant AC. However, there was only a nonsignificant trend in 
DFS for patients who had D (5-year DFS, 71.1% and 70.0% 
for groups 2 and 3, respectively, 67.7% for group 1), and 
there was no difference in OS across all three groups [16]. 
For patients with a contraindication to a taxane or steroid, 
nab-paclitaxel can be used as an alternative based on the 
German Breast Group 69 (GeparSepto) trial which suggested 
nab-paclitaxel improves pCR rates compared to standard 
paclitaxel (38% vs. 29%, odds ratios (OR) 1.53, 95% CI 
1.20–1.95), but with the cost of greater toxicity [17].

For patients with existing cardiac dysfunction, cardiac 
risk factors, advanced age, as well as unwillingness to accept 
anthracyclines, alternative non-anthracycline-based regi-
mens can be considered. Options include docetaxel and 
cyclophosphamide or cyclophosphamide, methotrexate, and 
fluorouracil.

12.4.2  Neoadjuvant Endocrine Therapy

Although chemotherapy is the standard therapy for 
HR-positive, HER2-negative tumors, for those postmeno-
pausal women with strong HR-positive tumors, neoadjuvant 
endocrine therapy is an acceptable alternative option, espe-
cially if the patient is unfit and may not tolerate chemother-
apy. For postmenopausal women, neoadjuvant endocrine 
therapy confers a similar response and  breast- conserving 
surgery (BCS) rates as neoadjuvant chemotherapy with 
lower toxicity. However, long-term  survival data are not yet 
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available [18–21]. Recent meta-analysis including 20 studies 
with 3490 patients showed in HR-positive breast cancer, 
combination chemotherapy and endocrine therapy confer 
equal clinical response (RR) [odds ratios (OR) 1.08, 95%CI 
0.50–2.35, P = 0.85], radiological response (OR 1.38, 95% 
CI 0.92–2.07, P = 0.12), pCR (OR 1.99, 95%CI 0.62–6.39, 
P = 0.25), and BCS rates (OR 0.65, 95% CI 0.41–1.03) [19]. 
The options for neoadjuvant hormonal therapy include an 
aromatase inhibitor (AI) and tamoxifen, but AI is preferred 
based on evidence suggesting better clinical outcomes with 
AIs across clinical trials and meta-analysis [19, 22, 23]. For 
example, in the meta-analysis discussed above, neoadjuvant 
monotherapy with AIs was associated with a higher clinical 
response (OR 1.69, 95% CI 1.36–2.10), radiologic response 
(OR 1.49, 95% CI 1.18–1.89), and BCS rates (OR 1.62, 95% 
CI 1.24–2.12) compared with tamoxifen [22]. The different 
AIs are comparably effective in trials, and each may be used 
in the neoadjuvant setting. In the American College of 
Surgeons Oncology Group (ACOSOG) Z1031 trial, 377 
postmenopausal women with strongly HR-positive stage II 
or III breast cancer received 16–18 weeks of exemestane, 
letrozole, or anastrozole before surgery [24]. Treatment with 
any of the three agents resulted in similar clinical response 
and BCS rates. For women who are not tolerant of AIs (e.g., 
those with an osteoporotic fracture on AIs) or those who pre-
fer to avoid the risk of osteoporosis associated with AIs, 
tamoxifen is a reasonable alternative.

For premenopausal woman, data of neoadjuvant endo-
crine therapy is limited. However, available phase II clinical 
trial suggests worse disease outcomes relative to chemother-
apy. For example, subgroup analysis from the Grupo Español 
de Investigación del Cáncer de Mama (GEICAM) study 
showed inferior clinical outcomes with a 44% response rate 
who received neoadjuvant endocrine therapy (exemestane 
plus the luteinizing hormone-releasing hormone analog gos-
erelin every 4 weeks for 24 weeks) vs. 75% who received 
neoadjuvant chemotherapy (four cycles of epirubicin and 
cyclophosphamide every 3 weeks followed by four cycles of 
docetaxel every 3 weeks) [18].

In terms of duration of endocrine therapy, response may 
not be seen until at least 3–4 months of treatment was deliv-
ered, and a few trials administered therapy over 6 months 
[25]. Thus, the duration of therapy is tailored according to 
the patient’s response prior to definitive surgery.

12.5  HER2-Positive Breast Cancer

HER2 is a cell-surface receptor which signals cell growth 
and survival through the activation of downstream signaling 
pathways. The HER2 oncogene is amplified and/or overex-
pressed in 20–25% of breast cancers and is associated with 
an aggressive phenotype, including high-grade tumors, faster 

growth rates, and worse survival [26, 27]. Patients with 
HER2-positive breast cancer generally achieve a higher pCR 
rate to neoadjuvant therapy, even with chemotherapy alone, 
when compared to other types of breast cancer, especially if 
hormonal receptor is also negative.

Trastuzumab’s role when adding to standard chemother-
apy has been well demonstrated. The phase II NOAH 
(NeOAdjuvant Herceptin) study demonstrated that the addi-
tion of H to chemotherapy not only doubled the pCR rates 
(38% vs. 19%) but also improved the 3-year EFS from 56 to 
71% (hazard ratio 0.59 [95% CI 0.38–0.90], p = 0.013) and 
3-year OS from 79% (95% CI 70–86) to 87% (95% CI 
79–92) [28]. Recently, the updated results of this study 
showed that at a longer follow-up of 5.4 years, there was a 
sustained benefit in EFS with the addition of H (hazard ratio 
0.64, p = 0.016) [29]. This is consistent with the long-term 
follow-up data from the large adjuvant trials of H [30, 31]. 
Trastuzumab is continued after surgery to complete 12 
months of treatment. Based on adjuvant clinical trials, 6 
months is not non-inferior to 12 months of trastuzumab 
(PHARE) [32], and 24 months is equal to 12 months (HERA) 
[30]. Thus, 1 year of trastuzumab remains the standard.

Dual anti-HER2 therapy is also rational and has been 
evaluated in large clinical trials. Pertuzumab (P), a mono-
clonal antibody targeting HER2/HER3 dimerization, is 
approved by the FDA to use together with standard chemo-
therapy in the neoadjuvant setting. The NeoSphere was a 
randomized phase II study in which patients were random-
ized to one of four arms: DH, DHP, HP, and DP. Adding P 
to standard DH increased pCR rate from 29 to 45.8% (95% 
CI 36.1–55.7, p = 0.0141) [33]. Pertuzumab was well tol-
erated and its addition did not increase cardiac toxicity. 
The high pCR rate with adding P was confirmed in 
TRYPHAENA study, a multicenter randomized phase II 
study for patients with operable, locally advanced, or 
inflammatory breast cancer. In this study 225 patients were 
randomized to one of the three arms: Arm A, FEC (5-fluo-
rouracil, epirubicin, cyclophospha-
mide) + HP × 3 → DHP × 3; Arm B, FEC × 3 → DHP × 3; 
and Arm C, DCbHP  × 6. The study showed an approxi-
mately 60% pCR (ypT0/is) rate that was achieved with 
dual anti-HER2 therapy in each arm (Arm A, 61.6%; Arm 
B, 57.3%; and Arm C, 66.2%) with no increased cardio-
toxicity [34]. The results of NeoSphere and TRYPHAENA 
led to FDA approval of pertuzumab in patients with stage 
II–III breast cancer. A study of ddAC followed by T + HP 
and FEC → DHP in neoadjuvant setting to evaluate cardiac 
safety was completed (BERENICE) and demonstrated a 
pCR rate of about 60% with both regimens with acceptable 
cardiac toxicity profile [35].

Although effective in metastatic setting, lapatinib (L), a 
small molecule tyrosine kinase inhibitor of HER1/HER2, 
was shown to be inferior to H in neoadjuvant setting in the 
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phase III GeparQuinto study [36]. Furthermore, the addition 
of L to H in neoadjuvant setting was also evaluated. In the 
phase III NeoAdjuvant Lapatinib and/or Trastuzumab 
Treatment Optimization (NeoALTTO) study, the combina-
tion therapy of HL with chemotherapy resulted in improved 
pCR compared to single-agent H with chemotherapy (51.3% 
vs. 29.5%, p = 0.0001) [37]. HL combination was also evalu-
ated in other trials including CHERLOB, NSABP B-41, and 
CALGB 40601, with the latter two trials not demonstrating 
statistically significant improvement in pCR [7, 38, 39]. The 
survival outcome analysis of NeoALTTO study showed no 
benefit in event-free survival or overall survival when L was 
added to H and chemotherapy [40]. This is consistent with 
the outcomes reported from the large adjuvant ALTTO study 
which demonstrated no benefit with the addition of L to H 
and standard chemotherapy [41]. Notably, patients who 
achieve pCR have longer event-free and overall survival than 
do patients without pCR [40].

Several clinical trials evaluated the synergy between plat-
inum drugs and H and the taxanes in the neoadjuvant setting 
based on preclinical data [42, 43]. The pCR rates reported in 
non-randomized phase II trials was reported to be 43–76% 
[43, 44]. In the randomized phase II GeparSixto study, in the 
cohort with HER2-positive tumors treated with HL with or 
without carboplatin, 45 (32.8%, 25.0–40.7) of 137 patients 
achieved a pCR with carboplatin compared with 50 (36.8%, 
28.7–44.9) of 136 without (p =  0.581; test for interaction 
p = 0.015), suggesting no benefit with adding carboplatin 
[45].

Currently, the standard of care for neoadjuvant therapy of 
HER2-positive breast cancer is a combination of chemother-
apy and HER2-targeted therapy with trastuzumab and pertu-
zumab based on results of two neoadjuvant studies 
(NeoSphere and TRYPHAENA). Pertuzumab should also be 
added to trastuzumab for the following indications: tumor 
size >2 cm, or nodal involvement, or inflammatory or locally 
advanced breast cancer [46, 47].

Standard Regimens

• AC-T (or D)+H (P): AC is given for four cycles (every 2 
or 3 weeks) followed by weekly paclitaxel × 12 doses or 
docetaxel every 3 weeks x  four cycles. Trastuzumab is 
administered during the taxane phase and will be contin-
ued after surgery to complete a 12-month treatment. If P 
is given, it is administered with H concurrently during the 
taxane phase, approved by FDA to be given for up to a 
total of six doses in the neoadjuvant setting.

• DCb+H (P): Docetaxel and carboplatin with concurrent H 
with or without P every 3 weeks for six cycles which is a 
standard option.

• Other acceptable regimens include FEC  →  THP, 
FEC → DHP, THP → FEC, or DHP → FEC.

12.6  Triple-Negative Breast Cancer (TNBC)

Patients with TNBC have worse survival than patients with 
non-TNBC [48]. Like HER2-positive breast cancer, patients 
with TNBC also experience a high pCR rate in the neoadju-
vant setting. However, patients with extensive residual can-
cer after neoadjuvant chemotherapy remain at high risk of 
recurrence.

The chemotherapy regimens used in HR-positive, 
HER2- positive breast cancer as described above are also 
been used in TNBC. Two recent randomized phase II stud-
ies have demonstrated higher pCR rates with the addition 
of carboplatin to standard anthracycline and taxane-based 
regimen [45, 49]. In the GeparSixto study, in the cohort of 
TNBC, pCR rate was significantly higher in patients with 
carboplatin (36.9% vs. 53.2%, p < 0.05), with the cost of 
higher rates of grade 3/4 toxicities [45]. Furthermore, as an 
exploratory correlative study, increased levels of stromal 
tumor infiltrating lymphocytes (TILs) were found to pre-
dict for pCR in multivariable analysis (p < 0.001) [50]. The 
improved pCR with carboplatin in TNBC was later con-
firmed by CALGB 40603, a randomized phase II study 
which utilized a more conventional backbone chemother-
apy regimen (weekly paclitaxel followed by dose-dense 
AC) and randomized 443 patients with TNBC to the addi-
tion of carboplatin AUC 6 concurrently with paclitaxel 
[49]. Carboplatin significantly increased pCR rate in 
breast/axilla (54% vs. 41%, OR 1.71, p = 0.0029), albeit 
more toxicities [49]. However, whether adding carboplatin 
will improve relapse-free or overall survival is still 
unknown. Currently, carboplatin added to standard chemo-
therapy is not routinely recommended as neoadjuvant 
therapy.

The I-SPY 2 trial (Investigation of Serial Studies to 
Predict Your Therapeutic Response through Imaging and 
Molecular Analysis 2) is a randomized phase II “platform” 
trial [51] in which patients with early-stage breast cancer 
receiving standard neoadjuvant therapy can undergo adap-
tive randomization for assignment to an experimental 
group with new agents/new combination. The trial is 
designed to rapidly identify which disease subtypes/signa-
tures are sufficiently responsive to a given treatment regi-
men so that a small, focused, and successful phase III trial 
can start. The combination of a poly(ADP-ribose) poly-
merase (PARP) inhibitor, veliparib, in combination with 
carboplatin was recently reported [51]. In this ongoing 
trial, for HER2- negative breast cancer, a total of 72 patients 
were randomly assigned to receive veliparib-carboplatin, 
and 44 were randomized to control group. Three biomarker 
signatures including HER2-negative, HR-positive, and 
triple-negative were studied. The estimated rate of pCR 
was 33% (95% Bayesian probability interval [PI], 23–43%) 
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for veliparib- carboplatin group and 22% (95% PI, 10–35%) 
for control group [51]. Patients with TNBC were found to 
benefit from veliparib-carboplatin, with the estimated rate 
of pCR of 51% (95% PI, 36–66%) in veliparib-carboplatin 
vs. 26% (95% PI, 9–43% in control).

For patients with germline BRCA-mutated breast cancer, 
a clinical trial is ongoing to evaluate single-agent talazopa-
rib for six cycles in the neoadjuvant setting prior to the treat-
ment with physician’s choice standard chemotherapy 
(clinicalTrials.gov identifier: NCT02282345). Other ongo-
ing trials in the neoadjuvant TNBC include TBCRC 030, a 
phase II trial to evaluate preoperative cisplatin vs. paclitaxel 
without germline BRCA mutations and to assess if use of a 
research test homologous recombination deficiency (HRD) 
assay can predict response to preoperative treatment (clini-
calTrials.gov identifier: NCT01982448). Another ongoing 
clinical trial is evaluating the role of implantable microde-
vice to predict in vivo chemotherapy sensitivity in neoadju-
vant early-stage TNBC (clinicalTrials.gov identifier: 
NCT02521363). We eagerly await the results of these 
trials.

In summary:

• Indications for neoadjuvant therapy are to downstage the 
primary tumor and axilla.

• Standard chemotherapy regimens should be used in the 
neoadjuvant setting (the same as adjuvant treatment). 
Standard anthracycline-taxane combinations are 
recommended.

• In patients with hormone receptor-positive, HER2- 
negative breast cancer, standard chemotherapy options 
are recommended. Neoadjuvant endocrine therapy may 
be considered, but there are less data available when com-
pared with neoadjuvant chemotherapy.

• In patients with HER2-positive breast cancer, trastu-
zumab with or without pertuzumab added to standard 
anthracycline-taxane combination (i.e., AC→TH+/−P or 
AC→DH+/−P) or non-anthracycline (i.e., DCbH+/−P) is 
recommended. Pertuzumab should be considered for 
those with the following findings: tumor size >2 cm, or 
nodal involvement, or inflammatory or locally advanced 
breast cancer.

• In patients with TNBC, standard chemotherapy options 
are recommended. Carboplatin, added to standard chemo-
therapy, is not routinely recommended.
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Adjuvant Systemic Therapy in Breast 
Cancer
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13.1  Introduction

Patients with early-stage breast cancer are treated with cura-
tive intent. The goal of adjuvant therapy is to improve overall 
survival [1, 2]. After surgery, although there is no evidence of 
gross remaining disease, patients still have a risk of relapse 
from occult micrometastatic disease. The goal of adjuvant 
systemic therapy is to decrease risk of recurrence while min-
imizing toxicities and overtreatment. Therefore, it is impor-
tant to identify patient populations that will benefit most 
from treatment in order to avoid unnecessary toxicities [3–
5]. Patients require different adjuvant therapies based on 
their risk of recurrence, stage of disease, and tumor biology. 
In this chapter, we will discuss systemic adjuvant therapy 
including endocrine therapy, chemotherapy, and HER2- 
targeted therapy [6, 7].

13.2  Endocrine Therapy

The goal of endocrine therapy is to inhibit estrogen receptor 
(ER) and progesterone receptor (PR) signaling in hormone 
receptor-positive breast cancer. Downregulation of ER 
signaling, blockade of estrogen receptors, and depletion of 
estrogen pharmacologically or surgically (oophorectomy) 
can be utilized to achieve this goal.

13.2.1  Tamoxifen

Tamoxifen is a selective estrogen receptor modulator 
(SERM), with both partial estrogen agonist and antagonist 
effects that work by interrupting cell growth. Tamoxifen 
was approved in 1986 for treating women with early-stage 
breast cancer after its initial approval in advanced breast 
cancer in 1977 [8]. Currently, tamoxifen 20 mg daily for 
10 years is the standard care for premenopausal women with 
early-stage hormone receptor-positive breast cancer [9, 10]. 
In 2000, it was also approved for breast cancer prevention 
based on the results from the National Surgical Adjuvant 
Breast and Bowel Project (NSABP) study, which showed 
5 years of tamoxifen can reduce the risk of developing both 
invasive and noninvasive breast cancer by 50% in high-risk 
women [11].

Tamoxifen was studied in multiple clinical trials to deter-
mine the optimal duration of adjuvant therapy. The Early 
Breast Cancer Trialists’ Collaborative Group (EBCTCG) 
showed that 5 years of adjuvant tamoxifen treatment is sig-
nificantly more effective than 1–2 years of tamoxifen therapy 
following surgery [12]. Five years of therapy with tamoxifen 
in both pre- and postmenopausal women significantly 
decreased breast cancer mortality (hazard ratio (HR), 0.66) 
and the risk of recurrence (HR 0.59). Moreover, women con-
tinued to benefit from adjuvant tamoxifen even after it was 
discontinued with carry-over benefits seen up to 15 years. 
Fifteen-year probabilities of mortality and recurrence were 
shown in 10,386 women of whom 80% were estrogen recep-
tor positive, 20% had an unknown receptor status, and 30% 
were lymph node positive. There were a 9.2% 15-year 
improvement in mortality from 5 years of tamoxifen com-
pared to placebo (tamoxifen arm 25.6% vs. placebo arm 
34.8%, 2p < 0.00001) and an 11.8% 15-year improvement in 
recurrence rate (tamoxifen arm 33.2% vs. placebo arm 45%, 
2p < 0.00001).

In subsequent NSABP B-14 study, 5 years of tamoxifen 
was compared to extended treatment with 10 years of tamox-
ifen [13]. After completing 5 years of therapy with  tamoxifen, 
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1172 women were disease-free and re-randomized to receive 
either prolonged therapy with tamoxifen (n =  593) for an 
additional 5 years or placebo (n = 579). Seven-year follow-
up after re-randomization showed no benefit from prolonged 
therapy with tamoxifen independent of age or other charac-
teristics. Disease-free survival (DFS) was 82% in 5 years of 
tamoxifen arm versus 78% in extended tamoxifen arm 
(p  =  0.03). Overall survival (OS) was 94% in 5  years of 
tamoxifen arm versus 91% in extended tamoxifen arm 
(p = 0.07). Both the DFS and OS were significantly better in 
women who took tamoxifen for 5 years compared to 10 years. 
When tamoxifen treatment was continued beyond 5 years in 
the NSABP B-14 trial, a significantly higher adverse event 
rate such as thrombosis and death was seen in the cohort of 
women who took tamoxifen for 10 years. As a result, the trial 
was terminated early due to the increased adverse events. 
The results from this study are contradictory to the results of 
the two larger multicenter studies discussed below. This may 
be secondary to a smaller sample size (n = 1172), early ter-
mination of the study, shorter follow-up, and the fact that 
only 25% of patients were pre- or perimenopausal at the time 
of randomization. It is well known that older patients have a 
higher rate of morbidity from tamoxifen.

More recently two large multicenter studies support the 
use of adjuvant tamoxifen for 10  years. The ATLAS trial 
addressed the question of extending adjuvant tamoxifen to 
10  years by comparing the use of adjuvant tamoxifen for 
5  years versus 10  years [9]. Both arms demonstrated that 
adjuvant tamoxifen decreased breast cancer relapse rate and 
associated mortality. The risk of disease recurrence after 
10 years of tamoxifen was 21.4% versus 25.1% for women 
who took tamoxifen for 5 years. The absolute breast cancer 
mortality improved from 15% for women who took tamoxi-
fen for 5  years to 12.2% in women who took extended 
tamoxifen for 10 years. Ten years of tamoxifen also reduced 
overall mortality (639 deaths in tamoxifen 10-year arm vs. 
722 deaths in tamoxifen 5-year arm, p = 0.002). Patients tak-
ing tamoxifen 10 years (n = 3428) showed a continuous ben-
efit from tamoxifen with a further risk reduction (HR 0.75, 
95% confidence interval (CI) 0.62–0.90) after 10 years of 
therapy. In the ATLAS trial, serious adverse events such as 
pulmonary embolism and endometrial cancer were more fre-
quent in women treated with 10 years of tamoxifen, but it did 
not impact breast cancer-specific mortality. Pulmonary 
embolism had a risk ratio (RR) of 1.87 (95% CI 1.13–3.07, 
p = 0.01) in the tamoxifen 10-year arm, but there was no dif-
ference in mortality between the two arms from pulmonary 
emboli (ten deaths in tamoxifen 10-year arm vs. eight deaths 
in tamoxifen 5-year arm, p = 0.69). Endometrial cancer dur-
ing years 5–14 was found to have a 3.1% cumulative inci-
dence and 0.4% mortality rate in patients treated with 
tamoxifen for 10 years. Both cumulative risk and mortality 
were significantly less in patients treated with 5  years of 

tamoxifen (cumulative risk of 1.6% with 0.2% mortality rate, 
p = 0.0002).

Similarly, the Adjuvant Tamoxifen-To Offer More 
(aTTom) trial randomized 6953 women who had completed 
at least 4 or more years of tamoxifen treatment to discon-
tinue tamoxifen or to continue tamoxifen for an additional 
5 years [10]. This was another well-powered, large, multi-
center study. This study showed that extended tamoxifen 
treatment for 10 years was associated with reduced breast 
cancer recurrence (580 in tamoxifen 10-year arm vs. 672 in 
tamoxifen 5-year arm, p = 0.003) with a hazard ratio in favor 
of the extended treatment of 0.84 (95% CI 0.73–0.95) during 
years 7–9 and 0.75 (95% CI 0.66–0.86) beyond year 10. 
Breast cancer-specific mortality was reduced in the tamoxi-
fen 10-year arm (HR 0.77, 95% CI 0.64–0.92) compared to 
the tamoxifen 5-year arm. Endometrial cancers were signifi-
cantly higher in the tamoxifen 10-year arm (37 cases (1.1%) 
vs. 20 cases (0.6%), RR 2.20, 95% CI 1.31–2.34, p < 0.0001). 
The non-breast cancer mortality was similar (457 in tamoxi-
fen 5-year arm vs. 467 in tamoxifen 10-year arm, RR 0.94). 
Both ATLAS and aTTom trials showed that extended tamox-
ifen for 10 years improved both overall and breast cancer-
specific survival compared to 5 years of tamoxifen, making 
this the new standard for premenopausal women.

13.2.2  Aromatase Inhibitors

Aromatase inhibitors (AIs) decrease estrogen production by 
inhibiting aromatase, an enzyme of the cytochrome P450 
family and the product of the CYP19 gene, which converts 
androgens to estrogen. In postmenopausal women, aroma-
tase is the primary source of estrogen synthesis and is pres-
ent in peripheral tissues including fat, muscle, breast cancer, 
normal breast, liver, and brain. The third-generation AIs can 
decrease estrogen production by >95%, resulting in sub- 
physiologic levels of estrogen. However, AIs are not able to 
overcome ovarian aromatase activity. Therefore, only post-
menopausal women or women with non-functioning ovaries, 
who have undergone either medical or surgical ovarian sup-
pression, benefit from AIs. The most common side effects 
are hot flashes, arthralgias, musculoskeletal disorders, vagi-
nal dryness, fatigue, nausea and vomiting, hair thinning, and 
loss of bone density.

Aromatase inhibitors are classified into two different 
types (1) steroidal or (2) nonsteroidal, which differ in their 
mechanism of interaction with the aromatase enzyme. Both 
steroidal and nonsteroidal third-generation aromatase inhibi-
tors are potent and effective. There is no clinical evidence 
that demonstrates one mechanism of inhibition is superior to 
the other [14].

Adjuvant aromatase inhibitor use is the gold standard for 
postmenopausal women with hormone receptor-positive 
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breast cancer. However, the optimal duration of therapy 
remains unclear at present time. AIs have been studied when 
given after surgery instead of tamoxifen (ATAC, BIG 1-98 
trials) [15–18], after 2–3 years of tamoxifen (IES, ABCSG- 8, 
ARNO 95, ITA, BIG 1-98 trials) [18–21] or after 5 years of 
tamoxifen (MA.17, MA.17R trials) [22, 23]. All studies 
demonstrated that AIs consistently improve disease-free sur-
vival, decrease risk of distant recurrence and development of 
a contralateral breast cancer when compared to tamoxifen, 
and have replaced tamoxifen as first-line therapy for post-
menopausal women with hormone receptor-positive breast 
cancer.

AI treatment has different side effects than tamoxifen 
therapy. The use of AIs results in less vaginal discharge, less 
irregular bleeding, fewer endometrial polyps and endome-
trial cancers, and fewer thromboembolic problems than seen 
with tamoxifen but more musculoskeletal events, pain, bone 
loss increasing risk of osteoporosis, skeletal events including 
bone fractures, hair thinning, vaginal dryness, and sexual 
dysfunction [24]. It should be acknowledged that there is still 
a role for tamoxifen in postmenopausal women with breast 
cancer who are intolerant of AIs. Postmenopausal women 
also benefit from tamoxifen followed by AIs.

Arimidex, Tamoxifen, Alone or in Combination (ATAC) 
trial was the first reported study comparing efficacy and 
safety of AIs to tamoxifen for adjuvant therapy of early-stage 
breast cancer [15, 16, 25, 26]. The ATAC trial currently has 
the longest median follow-up (120 months) of any adjuvant 
AI trial. Nine thousand three hundred sixty-six postmeno-
pausal women with early-stage breast cancer who were can-
didates for hormonal therapy were randomized in a 
double-blind fashion to tamoxifen (n = 3116), anastrozole 
(n = 3125), or combination of the two (n = 3125) for 5 years. 
At 120-month median follow-up, a total of 5216 patients 
with known hormone receptor-positive breast cancer were 
analyzed (anastrozole group n = 2618 and tamoxifen group 
n = 2598). The result showed that anastrozole significantly 
improved DFS (HR 0.86, 95% CI 0.78–0.95, p  =  0.003) 
compared to the tamoxifen-alone arm [25]. Anastrozole was 
also superior to tamoxifen in terms of distant recurrence in 
both the intent-to-treat (HR 0.87, 95% CI 0.77–0.99, 
p = 0.03) and hormone receptor-positive groups (HR 0.85, 
95% CI 0.73–0.98, p = 0.02). The lower recurrence rate in 
the anastrozole arm was maintained after completion of ther-
apy and especially notable in the hormone receptor- positive 
subgroup. Anastrozole is also superior to tamoxifen in terms 
of incidence of new contralateral primary breast cancers (HR 
0.60, p = 0.004). However, anastrozole did not show statisti-
cally significant reduction in overall survival compared to 
tamoxifen (HR 0.95, 95% CI 0.84–1.06, p = 0.4), but there 
were fewer deaths after recurrence in the anastrozole group 
(HR 0.87, 95% CI 0.74–1.02, p  =  0.09) compared to the 
tamoxifen group. These results suggest that anastrozole in 

postmenopausal women improves disease- free survival and 
chemoprevention compared to tamoxifen.

Overall, anastrozole is well tolerated with fewer with-
drawals from treatment compared to tamoxifen (odds ratio 
(OR) 0.80, 95% CI 0.71–0.90, p = 0.0002), including fewer 
withdrawal related to adverse events (OR 0.68, 95% CI 
0.57–0.81, p < 0.0001) [15, 27]. It was associated with fewer 
serious adverse effects including hot flashes, vaginal dis-
charge, venous thrombosis, and endometrial cancer (223 
events in anastrozole group vs. 369 events in tamoxifen 
group, OR 0.57, 95% CI 0.48–0.69, p < 0.0001). There was 
no statistically significant difference in ischemic cardiovas-
cular events between the different treatment arms (2.5% on 
anastrozole arm and 1.9% on tamoxifen arm, p  =  0.14). 
However, anastrozole treatment was associated with a 
decrease in bone density, an increased rate of skeletal events 
such as fractures (incidence rate ratio (IRR) 1.55, p < 0.0001), 
and arthritis. In the posttreatment follow-up period, the 
increased yearly fracture rate did not continue (IRR 1.03, 
p = 0.72). Therefore, the benefits of anastrozole were main-
tained posttreatment, but the risks were not.

13.3  Sequential Therapy

BIG 1-98 was a large upfront trial evaluating aromatase 
inhibitors in the adjuvant setting for early-stage breast cancer 
[17, 18]. The study randomized 8010 postmenopausal 
women with hormone receptor-positive, early-stage breast 
cancer to four arms (tamoxifen × 5 years, letrozole × 5 years, 
tamoxifen  ×  2  years  →  letrozole  ×  3  years, and letro-
zole × 2 years → tamoxifen × 3 years). At a median follow-
up of 71 months after randomization in the BIG 1-98 study 
[18], the letrozole monotherapy arm was compared to the 
sequential therapy arms (tamoxifen  ×  2  years  →  letro-
zole  ×  3  years and letrozole  ×  2  years  →  tamoxi-
fen × 3 years). A total of 6182 postmenopausal women were 
included in the evaluation. No significant improvement in 
disease-free survival was seen in either sequencing arms 
compared to the letrozole monotherapy arm (HR for tamoxi-
fen followed by letrozole 1.05, 99% CI 0.84–1.32; HR for 
letrozole followed by tamoxifen 0.96, 99% CI 0.76–1.21). 
Women who received tamoxifen followed by letrozole had a 
nonsignificant increase in the rate of early relapse compared 
to women who received letrozole alone (HR for letrozole 
0.87, 95% CI 0.75–1.02, p = 0.08). DFS at 5 years after ran-
domization is 87.9% (99% CI 85.5–89.8) in letrozole mono-
therapy arm, 87.6% (99% CI 85.2–89.6) in letrozole followed 
by tamoxifen arm, 86.2% (99% CI 83.8–88.3) in tamoxifen 
followed by letrozole arm, and 84.6% (99% CI 82.1–86.8) in 
tamoxifen monotherapy arm. In terms of disease-free sur-
vival, there was no statistically significant difference between 
the letrozole monotherapy, tamoxifen sequenced to  letrozole, 
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letrozole followed by tamoxifen arms, or tamoxifen mono-
therapy arms. However, 39.5% of patients crossed over to 
letrozole after 5 years of tamoxifen, which may explain the 
nonsignificant results.

A combined analysis of the Austrian Breast and Colorectal 
Cancer Study Group (ABCSG)-8 trial and German Adjuvant 
Breast Cancer Study Group (ARNO)-95 trial was performed 
to investigate the benefits from AIs after initial 2–3 years of 
tamoxifen [21]. Three thousand two hundred twenty-four 
postmenopausal women received tamoxifen for 2 years and 
then received either 3 additional years of tamoxifen or 
3 years of anastrozole. In the ABCSG-8 study, patients were 
randomized to a treatment arm prior to the initiation of any 
hormonal therapy. However, in the ARNO-95 study, patients 
were randomized after the completion of their first 2 years of 
tamoxifen therapy. At a median follow-up of 28  months, 
there was an improved DFS in the anastrozole group (HR 
0.60, 95% CI 0.44–0.81, p = 0.0009) compared to tamoxifen 
group. In the anastrozole arm, there was a 40% event risk 
reduction compared to the tamoxifen arm. Anastrozole- 
treated patients also had a lower rate of distant recurrence 
(HR 0.61, 95% CI 0.42–0.87, p = 0.0067). However, there 
was no difference in survival between the two groups. Both 
anastrozole and tamoxifen were well tolerated. In patients 
receiving anastrozole, there was a significantly higher rate of 
fractures (p = 0.015) and fewer thrombosis (p = 0.034). The 
results of this analysis support the benefit of switching to 
anastrozole after 2 years of initial treatment with tamoxifen 
instead of remaining on tamoxifen for 5 years.

Similarly, a meta-analysis of three clinical trials 
ABCSG- 8, ARNO 95, and the Italian Tamoxifen Anastrozole 
(ITA) was performed [28]. ITA was a small open-label trial 
of 426 lymph node-positive patients who either received 
tamoxifen for 5 years or were switched to anastrozole after 
2–3  years of tamoxifen [29]. The meta-analysis showed 
fewer disease recurrences and deaths in the anastrozole- 
treated patients. Switching treatment from tamoxifen to 
anastrozole resulted in a significant improvement in disease- 
free survival (HR 0.59, 95% CI 0.48–0.74, p < 0.0001) and 
OS (HR 0.71, 95% CI 0.52–0.98, p = 0.04). Toxicities found 
in these trials were similar to other adjuvant AI trials. Based 
on the results of this analysis, it appears treatment of early- 
stage breast cancer with anastrozole improves event-free sur-
vival, which translated into an overall survival benefit in this 
meta-analysis.

13.3.1  Optimal Duration

The National Cancer Institute of Canada Clinical Trials 
Group (NCIC-CTG) MA.17 trial evaluated the benefit of 
5 years of letrozole after the completion 5 years of adjuvant 
tamoxifen [22, 23]. This study randomized 5187 

 postmenopausal patients who completed 5 years of tamoxi-
fen to receive either letrozole or placebo. At an interim 
planned analysis with a median follow-up of 2.4 years (total 
207 events), the addition of letrozole showed a statistically 
significant improvement in 4-year disease-free survival over 
placebo (93% vs. 87%, respectively, p  <  0.001). A 43% 
reduction in relapse was seen with extended letrozole ther-
apy (HR 0.57, 95% CI 0.43–0.75, p = 0.00008).

At a median follow-up of 30 months, an updated analysis 
of the MA.17 was performed. It confirmed the results of the 
first interim analysis. There continued to be an improvement 
in both disease-free survival (HR 0.58, 95% CI 0.45–0.76, 
2p < 0.001) and distant disease-free survival seen with letro-
zole (HR 0.60, 95% CI 0.43–0.84, p = 0.002) compared to 
placebo. The improvement in recurrence rate did not trans-
late into a statistically significant difference in overall sur-
vival. However, in a preplanned subset analysis of lymph 
node-positive patients, there was a statistically significant 
improvement in overall survival (HR 0.61, 95% CI 0.38–
0.98, p = 0.04). This shows that higher-risk patients derive 
the most benefit from prolonged adjuvant therapy.

After the unblinding of the MA.17 study, patients who 
received placebo were offered letrozole [22]. Eight hundred 
nine (809) women declined letrozole, and 1579 opted to take 
letrozole at a median of 2.8 years after the completion of 
5  years of tamoxifen. The women who elected to receive 
letrozole were younger, had higher-risk disease, were more 
likely to have received adjuvant chemotherapy, and had a 
better performance status. At a median follow-up of 6.3 years, 
there was a statistically significant improvement in both dis-
ease-free survival (HR 0.66, 95% CI 0.23–0.61, p < 0.0001) 
and distant recurrence (HR 0.39, 95% CI 0.20–0.74, 
p = 0.004) in the placebo → letrozole group compared to the 
placebo → placebo group. The placebo → letrozole arm had 
a higher rate of osteoporosis (5.3% in the placebo → letro-
zole arm vs. 1.6% in the placebo → placebo arm, p < 0.0001) 
and fractures (5.2% in the placebo → letrozole arm vs. 3.1% 
in the placebo → placebo, p < 0.0001). This analysis sup-
ports the importance of aromatase inhibitors in the adjuvant 
treatment of postmenopausal women with hormone recep-
tor-positive breast cancer. A significant benefit was seen with 
letrozole after the completion of tamoxifen even after a pro-
longed delay since the completion of 5 years of tamoxifen. 
Thus, letrozole therapy should be considered for appropriate 
high-risk patients even if there is a delay after the completion 
of tamoxifen.

The MA.17R trial addressed the question of the benefit 
from an additional 5 years of AI after completing 5 years of 
adjuvant AI therapy [30]. It was a phase III, randomized, 
double-blinded, placebo-controlled trial. One thousand nine 
hundred eighteen postmenopausal women who had received 
5  years of adjuvant AI were enrolled and randomized to 
letrozole or placebo for an additional 5 years. 68.5% of the 
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women had received tamoxifen prior to the 5 years of AI 
therapy. The primary endpoint is disease-free survival, which 
is defined as breast recurrence or contralateral new breast 
cancers. At a median of 6.3 years of follow-up, there were a 
total of 165 events (67 in the letrozole arm and 98 in placebo 
arm). The 5-year DFS was 95% (95% CI 93–96%) in the 
letrozole arm and 91% (95% CI 89–93%) in the placebo arm. 
The hazard ratio was 0.66 (95% CI 0.48–0.91, p = 0.01), 
indicating significant lower risk (by 34%) of recurrence and 
contralateral breast cancer in extended letrozole arm. There 
was no difference in the 5-year OS between the extended 
letrozole and placebo arm (93% in letrozole arm vs. 94% in 
control arm, HR 0.97, p  =  0.83). The study showed that 
extended letrozole lowers contralateral breast cancer rate 
compared with the placebo group (0.21% vs. 0.49%, respec-
tively, HR 0.42, p = 0.007). AI-associated bone-related tox-
icities such as bone fractures and new-onset osteoporosis 
were more frequently seen in the extended letrozole group. 
No difference in quality of life was seen between the two 
arms.

Recently, three studies with conflicting results were pre-
sented at the 2016 San Antonio Breast Cancer Symposium 
[31–33]. NSABP B42 trial studied the benefit of extended 
5-year letrozole therapy in 3966 women after an initial 
5 years of endocrine therapy (either tamoxifen followed by 
AI or AI) [31]. At a median of 6.9 years follow-up, disease- 
free survival with extended letrozole arm was 84.7% com-
pared with 81.3% in placebo arm (HR 0.85, p = 0.048). The 
overall survival was 91.8% with extended letrozole arm and 
92.3% in placebo arm (HR  =  1.15, p  =  0.22). B42 trial 
showed breast cancer-free interval events, which include 
breast cancer recurrence and contralateral breast cancer inci-
dence which were significantly less in women treated with 
extended 5 years of letrozole arm (6.7% in extended letro-
zole arm vs. 10.0% in placebo arm, p = 0.003) and similarly 
less distant recurrence in women treated with extended 
5 years of letrozole arm (3.9% in extended letrozole arm vs. 
5.8% in placebo arm, p = 0.03). There was no significant dif-
ference in fractures from osteoporosis and thrombotic events 
in extended letrozole arm. Of note, the definition of primary 
endpoint in B42 trial is different from MA.17R trial. In B42 
trial, disease-free survival included breast or non-breast can-
cers and deaths as first events, while in MA.17R, disease-
free survival only included breast cancer recurrence and 
contralateral breast cancers. When adding non-breast can-
cers and deaths as first events in MA.17R trial, the hazard 
ratio becomes similar to B42 trial (MA.17R, HR 0.80, 
p = 0.06; B42, HR 0.85, p = 0.048). It reflected the impor-
tance of using standard outcome definitions to compare clin-
ical trials and facilitate data interpretation [34].

The phase III DATA study compared 1912 women after 
initial 2–3 years of tamoxifen to either 3 or 6 years of anas-
trozole [32]. The study was designed to detect an increase in 

the adapted disease-free survival, which is disease-free sur-
vival after 3 years of anastrozole and includes recurrence and 
contralateral breast cancers and deaths. Five- year adapted 
disease-free survival was 83.1% for women who received 
6 years of anastrozole and 79.4% for women who received 
3 years of anastrozole (HR 0.79, p = 0.07).

Similarly, IDEAL trial compared a total of 7.5 years ver-
sus 10 years of endocrine therapy [33]. One thousand eight 
hundred twenty-four women who completed an initial 
5 years of adjuvant endocrine therapy (10% tamoxifen alone, 
30% AIs, 60% tamoxifen followed by AI) were randomized 
to receive either 2.5 years or 5 years of AIs. The primary end-
point of this study is disease-free survival. The 5-year dis-
ease-free survival was 88.4% in women with extended 
2.5 years of AI and 87.9% in women with extended 5 years 
of AI (HR =0.95, p = 0.70). The overall survival was 93.5% 
in women with extended 2.5 years of AI and 92.6% in women 
with extended 5  years of AI (HR =1.08, p =  0.59). Even 
though both DATA and IDEAL trials were not able to dem-
onstrate survival benefits in extended endocrine therapy, the 
data was based on a short follow-up at this time, and longer 
follow-up is warranted. Extended AI therapy in postmeno-
pausal women should be considered for patients with 
younger age, high risk, and node involvement, but it is 
unknown what the best duration is. Patient’s tolerability and 
comorbidities particularly underlying bone disease should 
also be considered.

13.3.2  Ovarian Suppression

Ovarian ablation was one of the first systemic treatments for 
breast cancer and can be performed via oophorectomy or 
medical suppression. Surgical castration via bilateral oopho-
rectomy immediately reduces estrogen levels to the post-
menopausal range in all women, while medical suppression 
may take several weeks to take full effect. Medical suppres-
sion can be performed using luteinizing hormone-releasing 
hormone (LHRH) analogues, which are administered as 
either monthly or every 3 months intramuscular injections. 
LHRH analogues include goserelin, buserelin, triptorelin, 
and leuprolide. LHRH analogues act on the hypothalamic-
pituitary-ovarian axis and suppress circulating estrogen lev-
els. Approximately 2–3  weeks after the administration of 
LHRH analogues, estrogen levels decline, creating a post-
menopausal state. However, the postmenopausal state is 
reversible after therapy is discontinued.

Ovarian suppression in the adjuvant setting has been stud-
ied for decades with conflicting results. Fifteen-year follow-
up of the Early Breast Cancer Trialists’ Collaborative Group 
study demonstrated that in the adjuvant setting, ovarian sup-
pression in combination with tamoxifen was found to be at 
least as effective as adjuvant chemotherapy with CMF not 
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followed by tamoxifen [12, 35]. Recently, three large phase 
III randomized clinical trials addressed the question of ovar-
ian suppression in addition to tamoxifen or AI in adjuvant 
therapy.

Eastern Cooperative Oncology Group trial E3193 com-
pared adjuvant tamoxifen versus tamoxifen in combination 
with ovarian suppression, which could be achieved with sur-
gical oophorectomy, radio-frequency ablation, or LHRH 
analogues [36]. The trial enrolled premenopausal women 
who either had a menstrual cycle within 6 months or serum 
estradiol level in the premenopausal range. All women had 
node-negative disease with tumors <3 cm in size and hor-
mone receptor-positive breast cancer. Women enrolled on the 
study were not allowed to receive chemotherapy. In women 
treated with tamoxifen plus ovarian suppression, the DFS at 
5 years was 90% compared to 88% in women treated with 
tamoxifen alone (HR 0.85, 95% CI 0.47–1.56). The OS at 
5 years was 98% in the tamoxifen plus ovarian suppression 
arm versus 95% in tamoxifen-alone arm (HR 0.84, 95% CI 
0.38–1.89). After a median follow-up of 9.9 years, there was 
no difference in DFS or OS between the two arms.

The Suppression of Ovarian Function Trial (SOFT) ran-
domizes premenopausal women with hormone receptor- 
positive breast cancer to receive either 5 years of tamoxifen, 
ovarian suppression with tamoxifen (Tam/OS), or ovarian 
suppression with exemestane (AI/OS) [37]. Women receiv-
ing chemotherapy were eligible if they remained premeno-
pausal 8 months after completion of adjuvant chemotherapy 
as determined by either serum estradiol range or resumption 
of menses. Fifty-three percent of women enrolled in the 
SOFT trial received chemotherapy.

The Tamoxifen and Exemestane Trial (TEXT) random-
ized premenopausal women with hormone receptor-positive 
breast cancer to receive either 5  years of triptorelin with 
tamoxifen or 5 years of triptorelin with exemestane. Adjuvant 
chemotherapy was allowed. The SOFT Tam/OS and AI/OS 
arms were added to the TEXT for a combined primary analy-
sis. In addition, the SOFT study results were reported 
separately.

The combined TEXT and SOFT analysis showed that AI/
OS is superior to Tam/OS in terms of the 5-year DFS (91% 
in AI/OS arm vs. 87% in Tam/OS arm, HR 0.72, 95% CI 
0.60–0.85, p < 0.001). However, the overall survival was the 
same in both groups (96% in AI/OS arm vs. 97% in Tam/OS 
arm, HR 1.14, 95% CI 0.86–1.51) [38].

The SOFT primary analysis showed that DFS at 5 years is 
86.6% in the Tam/OS arm versus 84.7% in the Tam-alone 
arm (HR 0.83, 95% CI 0.66–1.04, p = 0.1). In women who 
received adjuvant chemotherapy, the 5-year DFS is 84% in 
the AI/OS arm (HR 0.70, 95% CI 0.53–0.92) and 81% in the 
Tam/OS arm (HR 0.82, 95% CI 0.64–1.07) compared with 
77% in the Tam-alone arm. In women who did not receive 
chemotherapy, the Tam/OS and Tam-alone arms have the 

same 5-year DFS of 93%. In summary, for premenopausal 
women with hormonal-positive breast cancer, ovarian sup-
pression in combination with aromatase inhibitor for 5 years 
should be considered for patients at high risk of relapse such 
as women who are young in age, have lymph node involve-
ment, have high-grade tumors, and received chemotherapy.

13.3.3  New Agents Under Investigation

Novel agents such as everolimus and palbociclib have spe-
cific targets in breast cancer cells and demonstrate survival 
benefit in the metastatic setting. These agents are actively 
being studied in early breast cancer.

Palbociclib is a CDK 4/6 inhibitor and approved by the 
FDA for treatment of metastatic hormone receptor-positive 
breast cancer. In PALOMA-2 study, palbociclib in combi-
nation with letrozole demonstrated superior PFS and OS 
than letrozole alone in treatment-naïve patients with 
HR-positive breast cancer (PFS 24.8 months in palbociclib 
plus letrozole arm vs. 14.5 months in letrozole-alone arm, 
HR 0.58, 95% CI 0.319–0.748, p < 0.01) [39]. The main 
toxicities were neutropenia, anemia, and leukopenia. 
Currently, palbociclib is being evaluated in the adjuvant 
setting. The PALLAS trial (NCT02513394) is a random-
ized phase III trial of palbociclib for 2 years in combination 
with standard adjuvant endocrine therapy versus standard 
adjuvant endocrine therapy alone for hormone receptor-
positive, HER2-negative breast cancers. The primary end-
point is 5-year DFS.

13.4  Bone-Modifying Agents

Women with early-stage breast cancer have higher risk of 
osteoporosis and fractures secondary to adjuvant therapy. 
Bisphosphonates and denosumab have shown improvement 
of bone density, reduction of skeletal events, and possible 
survival benefit in women receiving adjuvant therapy for 
breast cancer.

Bisphosphonates inhibit osteoclast reabsorption of the 
bone and promote osteoclast apoptosis. Adjuvant bisphos-
phonates such as zoledronic acid and clodronate have been 
studied in multiple clinical trials showing consistent benefit 
in reducing skeletal-related adverse events and improving 
bone density but have conflicting results in terms of breast 
cancer outcome. The AZURE trial included 3360 women 
with early-stage breast cancer receiving standard adjuvant 
endocrine therapy [40]. The results from the entire study 
showed that the addition of zoledronic acid did not improve 
DFS, OS, invasive disease-free survival (IDFS), or distant 
recurrence. However, zoledronic acid delayed the time until 
development of bone metastases. In postmenopausal women, 
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zoledronic acid improved IDFS (n = 1041, HR 0.77, 95% CI 
0.63–0.96), but this was not seen in premenopausal women. 
The side effects of bisphosphonates include renal insuffi-
ciency, osteonecrosis of the jaw (ONJ), and uveitis. Dental 
surveillance is recommended before and during bisphospho-
nate therapy. Serum creatinine and calcium levels should be 
routinely monitored. Optimal vitamin D and calcium intake, 
exercise, and lifestyle modification are recommended during 
bisphosphonate therapy.

The ABCSG-12 trial investigated the benefit of adding 
zoledronic acid in 1803 women receiving endocrine therapy 
with ovarian suppression [41]. At a median follow-up of 
47.8 months, there was no difference in DFS between anas-
trozole and tamoxifen. Addition of zoledronic acid resulted 
in 3.2% absolute reduction and 36% relative reduction in risk 
of disease progression (HR 0.64, 95% CI 0.46–0.91, 
p = 0.01), but no reduction of risk of death was observed (HR 
0.60, 95% CI 0.32–1.11, p = 0.11). A recent meta-analysis 
suggested that bisphosphonates in postmenopausal women 
may reduce the rate of disease recurrence in the bone and 
improve breast cancer survival [42].

Denosumab is a novel anti-RANK ligand monoclonal 
antibody. RANK ligand plays an important role in regulating 
osteoclast activity and bone reabsorption. ABCSG-18 is a 
large randomized phase III trial to investigate the effects of 
denosumab in postmenopausal women with early-stage 
breast cancer receiving AIs [43]. Three thousand four hun-
dred twenty-five women were enrolled and randomized 1:1 
to receive denosumab 60 mg every 6 months or placebo. 
Denosumab significantly delayed time to first clinical frac-
ture (HR 0.50, 95% CI 0.39–0.65, p < 0.0001) and fewer 
incidents of fractures (92 vs. 176  in control groups). At 
median 4-year follow-up, denosumab arm had an 18% 
reduced risk of disease recurrence compared with those 
assigned to placebo (HR 0.816, p = 0.051). The long-term 
survival data of this trial is pending. The main toxicities were 
arthralgia and other AI-related symptoms. ONJ was not seen 
in this study with vigorous dental surveillance during the 
study.

13.4.1  Biomarkers

The decision of adjuvant chemotherapy is based on patient 
comorbidities, risk of disease recurrence, magnitude of ben-
efits of adjuvant chemotherapy, and toxicity [4]. Both prog-
nostic and predictive information are helpful for 
decision-making. Adjuvant! Online is one of the earliest 
tools that was used to help determine risk. It has algorithms 
estimating 5- and 10-year risk of death based on patient age, 
tumor size, tumor grade, number of involved lymph nodes, 
receptor status, and type of chemotherapy [44]. This com-
puter-based validated algorithm may be useful for clinician 

and patients when estimating risk of disease relapse, overall 
survival, and benefit from different chemotherapy regimens. 
However, early websites like Adjuvant! Online that help to 
predict risk of recurrence have largely been replaced by more 
individualized tumor-based genomic risk prediction.

Oncotype Dx® is a 21-gene recurrence score (RS), using 
reverse transcription polymerase chain reaction (RT-PCR) 
on primary breast tumor to determine risk of recurrence and 
benefit from chemotherapy. It guides adjuvant chemotherapy 
decision-making in patients with ER-/PR-positive, HER2- 
negative, node-negative breast cancer [45]. Oncotype Dx® 
was developed based on the NSABP B-20 trial, which com-
pared tamoxifen versus chemotherapy with tamoxifen alone 
in a node-negative patient population [46]. The RS provides 
both prognostic and predictive information. A high RS indi-
cates benefit from adjuvant chemotherapy. Patients with low 
RS do not benefit from chemotherapy compared to endocrine 
therapy.

Trial Assigning Individualized Options for Treatment 
(TAILORx, NCT00310180) is a prospective randomized 
study to determine the benefits of chemotherapy in patients 
with intermediate RS [47]. TAILORx defined a low risk 
score as 0–10, an intermediate risk score as 11–25, and a 
high risk score as ≥26. This is different from the original 
study, which considered a low risk score as 0 to <18, an inter-
mediate risk score as 18–30, and a high risk score as ≥31 
[45]. The study enrolled 10,253 women with breast cancers 
ranging in size from 1.1 to 5.0 cm that were ER and/or PR 
positive, HER2 negative, and without lymph node involve-
ment. Oncotype Dx® was used to determine the recurrence 
score. Patients were assigned to receive endocrine therapy 
alone if they had low recurrence scores, and a total of 1626 
women (15.9%) received endocrine therapy alone. At 
5 years, DFS was 93.8% (95% CI 92.4–94.9) with OS 98% 
(95% CI 97.1–98.6) in the low-risk cohort. Approximately 
67% of patients had an intermediate risk score of 11–25 and 
were randomly assigned chemotherapy followed by endo-
crine therapy or endocrine therapy alone. We are still await-
ing the results from this randomization. Currently, adjuvant 
chemotherapy in patients with intermediate RS requires a 
team-based decision-making process. However, it is impor-
tant to remember that the standard-of-care arm in this study 
for women with intermediate RS is chemotherapy followed 
by endocrine therapy and the experimental arm withholds 
chemotherapy to see if patients do as well without the 
chemotherapy.

In patients with early-stage breast cancer who had one to 
three positive lymph nodes from two randomized trials, the 
Southwest Oncology Group (SWOG) S8814 and ATAC 
[48, 49], the Oncotype Dx® recurrence scores were retro-
spectively determined. In patients with low RS, there was 
no benefit from chemotherapy (HR 1.02, 95% CI 0.54–
1.93). However, patients who have positive lymph nodes 
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and low RS carry worse prognosis (HR 2.64, 95% CI 1.33–
5.27, p = 0.006) compared with those patients who have 
low RS and negative lymph nodes. There is lack of consen-
sus regarding whether Oncotype Dx RS predicts chemo-
therapy benefit in patients with node-positive disease since 
it has not been validated for this purpose yet. We know that 
a patient’s prognosis is worse with increasing number of 
lymph nodes, but we do not know if chemotherapy benefits 
patients with lymph node-positive disease and low recur-
rence scores. The Rx for Positive Node, Endocrine-
Responsive Breast Cancer (RxPONDER) NCT01272037 is 
a prospective clinical trial in patients with one to three 
involved axillary lymph nodes that will answer this ques-
tion. This study is completely accrued with 4000 patients, 
and at this time, we are awaiting results. The result of this 
trial will help determine if there is a subset of patients with 
lymph node-positive disease that can avoid chemotherapy 
based on their recurrence score [50].

MammaPrint is a 70-gene assay to analyze gene expres-
sion profile from breast tumor tissue and identify patients 
with high-risk disease in early-stage breast cancer [51, 52]. 
This is a FDA-approved assay to determine recurrence for 
both ER-positive and ER-negative early-stage breast can-
cers. Microarray in Node-Negative and 1–3 Positive Lymph 
Node Disease May Avoid Chemotherapy (MINDACT, 
NCT000433589) study is a large, phase III, prospective, ran-
domized clinical trial to determine whether the MammaPrint 
assay can predict benefit from chemotherapy in certain sub-
set patient populations [52]. In this phase III trial, 6693 
women with early-stage breast cancer were enrolled, and 
their breast cancers were stratified based on genomic risk 
using the MammaPrint assay and clinical risk based on bio-
logic criteria. Women with both low genomic and clinical 
risk did not receive adjuvant chemotherapy, and those with 
both high genomic and clinical risk received chemotherapy. 
Women with discordant genomic and clinical risk were ran-
domized to either receive chemotherapy or no chemotherapy. 
The hypothesis was that distant metastasis- free survival at 
5 years in the low genomic risk/high clinical risk group was 
not inferior in patients who did not receive chemotherapy 
compared to patients who received chemotherapy. The 
results of this study showed at the 5-year intent-to-treat anal-
ysis, the distant metastasis-free survival in the groups that 
did not receive chemotherapy was 94.7% (95% CI 92.5–
96.2). The distant metastasis-free survival was 95.9% with 
chemotherapy and 94.4% without chemotherapy (HR 0.78, 
p = 0.267) in the subgroup of women with low genomic risk 
and high clinical risk. In women with high genomic risk and 
low clinical risk, the distant metastasis-free survival was 
95.8% with chemotherapy and 95.0% without chemotherapy 
(HR 1.17, p = 0.657). The study was not powered to detect 
the significance of benefit from chemotherapy in the discor-
dant groups.

13.4.2  Chemotherapy

Adjuvant chemotherapy improves overall survival in breast 
cancer patients with early-stage disease. The absolute benefit 
derived from each therapy is dependent of the individual 
patient’s risk of recurrence. The Early Breast Cancer 
Trialists’ Collaborative Group provided data that supports 
the use of adjuvant polychemotherapy. It shows an overall 
survival advantage to polychemotherapy compared to no 
chemotherapy [2]. In women younger than 50  years old, 
there were a 12.3% 15-year gain in disease-free survival and 
a 10% 15-year gain in breast cancer-specific mortality. In 
women between the age of 50 and 69, there were a 4.1% 
15-year gain in disease-free survival and a 3.0% 15-year gain 
in breast cancer-specific mortality. The consideration of regi-
men efficacy, toxicity, and comorbidities is all taken into 
account when making treatment decisions.

13.4.3  Anthracycline- and Taxane-Based 
Regimens

Anthracyclines (doxorubicin, epirubicin) inhibit topoisomer-
ase II, which is an essential enzyme for DNA replication. 
Anthracycline-containing regimens are dose- dense doxoru-
bicin with cyclophosphamide (ddAC); epirubicin and cyclo-
phosphamide (EC); AC with sequential weekly or every 
2 weeks of paclitaxel (AC-T); AC with sequential docetaxel 
every 3 weeks; fluorouracil, epirubicin, and cyclophospha-
mide (FEC/CEF) followed by docetaxel; fluorouracil, doxo-
rubicin, and cyclophosphamide (FAC); and docetaxel, 
doxorubicin, and cyclophosphamide (TAC).

Taxanes (paclitaxel, docetaxel, and nanoparticle albumin- 
bound (nab)-paclitaxel) are a type of chemotherapy that acts 
as microtubule stabilizers, which promote formation and 
inhibit disassembly of stable microtubules, inhibiting mito-
sis. Dose-dense doxorubicin and cyclophosphamide with 
sequential paclitaxel chemotherapy were studied in two ran-
domized trials, and both trials showed addition of paclitaxel 
improved PFS and OS in women with node- positive breast 
cancer compared to AC alone. The Cancer and Leukemia 
Group B (CALGB) trial 9741 explored the concepts of 
sequential chemotherapy and dose density of adjuvant che-
motherapy based on the Norton modeling in an attempt to 
improve effectiveness and overall survival [53]. Two thou-
sand five (2005) women were randomized to four arms: (1) 
sequential doxorubicin (A), paclitaxel (T), and cyclophos-
phamide (C) every 3 weeks; (2) sequential A and T, followed 
by C every 2 weeks with granulocyte colony- stimulating fac-
tor (GCSF) support; (3) concurrent AC and then T every 
3 weeks; and (4) concurrent AC and then T every 2 weeks 
with GCSF support. At a median follow-up of 36 months, the 
concurrent and sequential treatment schedules were 
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 equivalent in terms of disease-free and overall survival. 
However, dose-dense treatment significantly improved both 
overall survival (risk ratio (RR) = 0.69, p = 0.013) and dis-
ease-free survival (RR = 0.74, p = 0.010). The disease- free 
survival at 4 years for the dose-dense regimens was 82% and 
75% for other every-3-week regimens. With granulocyte 
colony-stimulating factor (GCSF) support, severe neutrope-
nia was less frequent in patients who received the dose-dense 
treatments. Therefore, the trial demonstrated that administer-
ing chemotherapy sequentially is as effective as concurrent 
administration but dose-dense treatment significantly 
improves OS compared with every-3-week regimens.

A study was performed evaluating four versus eight 
cycles of taxanes and anthracyclines as adjuvant therapy for 
lymph node-positive primary breast cancer [54]. There was 
no benefit from extended taxane therapy. However, there was 
an improvement in both disease-free and overall survival 
when four cycles of paclitaxel were administered after four 
cycles of doxorubicin and cyclophosphamide. The paclitaxel 
arms had a decrease in the hazard of recurrence by 17% (HR 
0.83, adjusted Wald χ2P = 0.002) and the hazard of death by 
18% (HR 0.82, adjusted p = 0.006) when compared to the 
non-paclitaxel arms.

ECOG E1199 trial evaluated the efficacy of weekly ver-
sus every-3-week paclitaxel and docetaxel as adjuvant treat-
ment for early-stage breast cancer [55, 56]. Four thousand 
nine hundred fifty (4950) women with either high-risk or 
lymph node-positive disease were enrolled after surgery. 
Patients all received four cycles of doxorubicin and cyclo-
phosphamide every 3 weeks and then were randomized to 
receive either (1) four cycles of docetaxel or paclitaxel 
administered every 3 weeks or (2) weekly docetaxel or pacli-
taxel for 12  weeks. The standard arm for comparison is 
paclitaxel administered every 3 weeks. The odds ratio (OR) 
for disease-free survival with every-3-week docetaxel is 1.23 
(p = 0.02) and 1.09 (p = 0.29) for weekly docetaxel group. 
Weekly paclitaxel significantly improves both overall sur-
vival (OR 1.32, P = 0.01) and disease-free survival (OR1.27, 
P = 0.006). Women with triple-negative breast cancer par-
ticularly benefit from weekly paclitaxel with 10-year DFS of 
59% (p  =  0.032) and OS of 66% (p  =  0.094). However, 
weekly paclitaxel was associated with increased grade 2, 3, 
and 4 neuropathy compared to every-3-week paclitaxel (27% 
in weekly paclitaxel arm vs. 20% in every-3-week paclitaxel 
arm). Every-3-week docetaxel was associated with a higher 
rate of myelosuppression (incidence rate of 46%, all other 
groups’ incidence rate ≤ 4%).

Docetaxel and cyclophosphamide (TC) was compared 
with dose-dense AC  ×  4  in 1016 women with stage I–III 
breast cancer (US Oncology 7535 trial) [57]. TC showed a 
significant improvement in disease-free survival (DFS) and 
overall survival when compared to AC (DFS 81% in TC arm 
vs. 75% in AC arm, HR 0.74, p = 0.33; OS 87% vs. 82%, 

respectively, HR 0.69, p = 0.032). Based on this result, both 
NCCN and ASCO guidelines recommend TC × 4 as an alter-
native to AC × 4. However, TC has not been formally com-
pared with dose-dense AC-T either in combination or 
sequential. Three ongoing clinical trials are addressing this 
question: Phase III Trial of TC Versus Anthracycline and 
Taxane-Containing Regimen (TAC) in HER2-Negative 
Early-Stage Breast Cancer Patients (US Oncology USOR 
06/090, NCT00493870); NSABP49 TC Compared with 
Anthracycline-Based Chemotherapy in Treating Women 
with HER2-Negative Breast Cancer (NCT01547741); and 
NASBP46 TC Plus Bevacizumab Versus TC Alone Versus 
TAC (NCT00887536).

Recently, a preplanned joint efficacy analysis of these 
three trials was performed [58]. Patients who received beva-
cizumab were excluded from this analysis. The primary aim 
of this preplanned analysis is non-inferiority of TC × 6 com-
pared to TAC × 6 with the primary endpoint as invasive dis-
ease-free survival (IDFS). At a median follow-up of 3.3 years, 
a total of 2125 patients received TC × 6, and 2117 patients 
received TAC × 6, and there were a total of 338 events. The 
HR for TC versus TAC was 1.202 (95% CI 0.97–1.49), and 
in the intent-to-treat (ITT) group, the HR was 1.23 (95% CI 
1.01–1.50, p = 0.04). Neither HR met the primary endpoint, 
which was a non-inferiority HR ≤1.18 based on modified 
Cox model. The exploratory, unplanned analysis suggests 
that anthracycline-containing regimens are more effective in 
women with hormone receptor-negative breast cancer or hor-
mone receptor-positive breast cancer with axillary lymph 
node involvement. Long-term follow-up is underway to 
determine the impact on overall survival.

The 5-fluorouracil, epirubicin, and cyclophosphamide 
(FEC) × 6 cycles were compared with AC × 4 in women with 
node-negative breast cancer [59]. The NSABP B-36 trial 
showed non-superior survival benefits at 8-year follow-up 
between FEC and AC. However, more significant side effects 
were experienced in women treated with FEC than AC.  In 
the FEC cohort, there were more grade 3 and 4 toxicities 
including fatigue, febrile neutropenia, thrombocytopenia, 
and death.

The FEC regimen was studied in women with high-risk, 
node-positive breast cancer in two prospective randomized 
clinical trials [60, 61]. The MA.5 trial studied classic CMF 
versus high-dose epirubicin-containing FEC in premeno-
pausal women with node-positive breast cancer. Both 10-year 
relapse-free survival (RFS) and overall survival favored FEC 
(RFS 52%, p = 0.007; OS 62%, p = 0.085). FEC with epiru-
bicin at two dose levels (50 mg/m2 vs. 100 mg/m2) was stud-
ied in women with node-positive breast cancer, and results 
showed improved 5-year DFS and OS in the high-dose epi-
rubicin arm (100 mg/m2).

The addition of a taxane to FEC was studied in three clini-
cal trials [62–64]. One study showed in women with 
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 node-positive breast cancer, FEC × 3 followed by docetaxel 
×3 was superior to FEC  × 6  in terms of both 5-year DFS 
(78.4% vs. 73.2%, respectively, p = 0.12) and OS (90.7% vs. 
86.7%, respectively, p = 0.017). Another large randomized 
trial showed FEC  ×  4 followed by docetaxel  ×  4 every 
3 weeks had no difference in 5-year DFS when compared 
with other anthracycline-containing regimens (FEC or epiru-
bicin followed by CMF) in women with early-stage breast 
cancer including node-negative, node-positive, and high-risk 
status. FEC followed by weekly paclitaxel showed 23% risk 
reduction in relapse when compared with FEC alone (HR 
0.77, 95% CI 0.62–0.95, p = 0.022), but there was no signifi-
cant difference in OS between the two regimens after 
66 months of follow-up.

Fluorouracil, doxorubicin, and cyclophosphamide (FAC) 
and docetaxel, doxorubicin, and cyclophosphamide (TAC) 
were studied in women with node-positive breast cancer [65, 
66]. TAC showed superiority to FAC in both 5-year DFS 
(75% in TAC arm vs. 68% in FAC arm, HR 0.72, 95% CI 
0.59–0.88, p = 0.001) and OS (87% in TAC arm vs. 81% in 
FAC arm, HR 0.70, 95% CI 0.53–0.91, p = 0.008). In NSABP 
B-30 trial, TAC was compared with AC followed by T 
(docetaxel) and AT (doxorubicin and docetaxel). The result 
demonstrated that TAC had similar OS but inferior DFS 
when compared with AC followed by T; AT was non-inferior 
with TAC in terms of DFS and OS.

13.4.4  CMF Regimen

Cyclophosphamide-methotrexate-fluorouracil (CMF) is a 
first generation adjuvant chemotherapy regimen that was 
developed in the 1970s for patients with node-positive 
breast cancer. NASBP B-20 and other studies showed that 
CMF significantly improved DFS and OS compared with 
no chemotherapy in women with early-stage breast cancer 
in both ER-positive and ER-negative subtypes [1, 67]. CMF 
regimens with different schedules, dosages, and adminis-
tration routes have been used in clinic based on the pre-
sumption of similar efficacy and better compliance; 
however, there is lacking of direct comparison between 
these classic and modified CMF regimens. Anthracycline 
and cyclophosphamide (AC) were compared with CMF in 
eight clinical trials with mixed results. Three of them 
showed anthracycline-based regimens have better OS and 
DFS, while others showed no difference [68]. In NSABP 
B-28 and CALGB 9344 trials [69, 70], taxane in addition to 
anthracycline was compared with AC regimen, thus indi-
rectly compared with CMF.  The results showed that 
anthracycline- taxane regimens were superior to CMF in 
PFS but not OS. CMF can also be considered in adjuvant 
setting for both hormonal-positive breast cancer and TNBC 
with small tumor size.

13.4.5  Capecitabine

Capecitabine has been studied in adjuvant setting with con-
flicting results. One randomized clinical study showed that 
in elderly women, AC and CMF are superior to capecitabine 
and the decision needs to individualize with consideration of 
comorbidities [71]. ICE trial studied capecitabine as adju-
vant monotherapy in women greater than 65 years of age 
[72]. There was no difference in 3-year and 5-year invasive 
disease-free survival (IDFS) between capecitabine and con-
trol arm (85.4% vs. 84.3% at 3  years, 78.8% vs. 75% at 
5 years, respectively). Recently CREATE-X trial by Japan 
and Korean oncology group addressed the role of capecitabine 
in adjuvant setting in patients who received chemotherapy 
before surgery and did not achieve completely pathological 
response (pCR) in surgical specimen [73]. The study enrolled 
910 women with HER2-negative breast cancer and residue 
disease after neoadjuvant anthracycline- or taxane-based 
regimen. About 60% patients received 5-FU during preop-
erative systemic therapy. At 2-year follow-up, capecitabine 
group improved DFS to 74.1% versus 67.7% in control 
group (HR 0.70, p  =  0.0524). The OS was 89.2% in 
capecitabine arm and 83.9% in control group, respectively 
(HR 0.60, p < 0.01). The benefit in triple-negative breast can-
cer (TNBC) subgroup showed a 42% reduction in risk of 
recurrence with capecitabine. The above result was presented 
in abstract and not yet published in peer-reviewed journal. 
Further study is needed to clarify the benefit of capecitabine 
as adjuvant therapy in patients did not achieve pCR.

13.4.6  Carboplatin

In tumor cells with DNA repair defects, carboplatin can 
induce DNA damage and lead to apoptosis. TNBC has simi-
lar DNA repair defect feature as in germ line BRCA1 (BReast 
CAncer gene 1) mutation-associated cancers. In neoadjuvant 
setting, carboplatin has been studied in women with TNBC 
when using alone or in combination. The GEICAM 2006–
2003 showed the same pathological complete response 
(pCR) rate when adding carboplatin to epirubicin and cyclo-
phosphamide × 4 [74]. However, CALGB 40603 trial showed 
that carboplatin improved pCR significantly (54% in carbo-
platin arm vs. 41% in control arm, p = 0.0029) when com-
bined with weekly paclitaxel × 12 followed by AC × 4 [75]. 
A median 3-year follow-up demonstrated that addition of 
carboplatin to AC-T regimen improved OS (85.5% vs. 
76.1%; HR = 0.56; 95% CI, 0.33–0.96) in TNBC population 
but not in other breast cancer subtypes. The GeparSixto 
study explored the role of carboplatin when added to weekly 
paclitaxel, weekly liposomal doxorubicin, and bevacizumab 
every 3 weeks [76]. The pCR rate was significantly higher in 
the arm with addition of carboplatin (53% in carboplatin arm 
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vs. 37% in control arm, p = 0.005) and improved DFS at 
3-year follow-up. None of the above studies was powered to 
evaluate survival; however, there was a trend of association 
among platinum, higher pCR rates, and improved survival in 
TNBC patients [77]. Currently, carboplatin is being investi-
gated in adjuvant setting: NRG-BR003 (NCT02488967) is 
evaluating the benefit of addition of carboplatin to anthracy-
cline- or taxane-containing regimen. Another study is evalu-
ating carboplatin versus observation in women with TNBC 
residue disease after preoperative chemotherapy: the Eastern 
Cooperative Oncology Group—American College of 
Radiology Imaging Network trial EA1131 (NCT02445391). 
Before these studies result, carboplatin should not be used in 
adjuvant therapy outside clinical study setting.

13.5  Anti-HER2 Therapy

In postoperative setting, HER2-specific target therapy has 
improved survival and prognosis in patients with HER2- 
overexpressed breast cancer. The definition of HER2 ampli-
fication is based on ASCO HER2 immunohistochemistry 
(IHC) and fluorescence in situ hybridization (FISH) testing 
guideline [78]. IHC copy number ≥ 6 and/or FISH HER2/
CEP17 ratio ≥ 2.0 is considered as HER2-positive tumor.

13.5.1  Trastuzumab

Trastuzumab is a humanized monoclonal antibody that 
selectively binds to the extracellular domain of HER2 recep-
tor. Several randomized clinical trials demonstrated that 
trastuzumab combined with chemotherapy improves DFS 
and OS in women with surgically resected breast cancers 
that overexpress HER2.

NSABP B-31 studied AC  ×  4 followed by paclitaxel 
weekly with and without trastuzumab every 3 weeks for a 
total of 52 weeks [79]. NCCTG N9831 has similar design 
except trastuzumab was delayed after completion of pacli-
taxel. Combined analysis of NSABP B-31 and NCCTG 
N9831 showed that after median 3.9-year follow-up, addi-
tion of trastuzumab provided a 48% reduction of recurrence 
(HR 0.52 95% CI 0.45–0.60, p < 0.001) and 39% reduction 
risk of death (HR 0.61 95% CI 0.50–0.75, log-rank 
p = 0.001). Cardiac toxicity is a potential side effect of trastu-
zumab therapy and is more prevalent in patients who were 
previously treated with doxorubicin. Trastuzumab should not 
be administered concurrently with doxorubicin because of 
an increased risk of cardiac toxicity. There are 4.1% of 
patients treated with doxorubicin and trastuzumab in B-31 
trial and 2.9% of patients in the N9831 trial who developed 
New York Heart Association Class III or IV congestive heart 
failure or death from cardiac causes at 3-year follow-up [80].

The Herceptin Adjuvant (HERA) trial enrolled 5081 
women with early-stage HER2-positive breast cancer and 
tested the efficacy of 1 or 2 years of trastuzumab in addition 
to standard adjuvant chemotherapy [81]. After 1-year follow-
up, there was a 46% reduction of recurrence with addition of 
trastuzumab (HR 0.54, 95% CI 0.43–0.67, p  <  0.0001). 
There was no difference in OS between two arms, but initial 
analysis suggested 34% reduction of risk of death (HR 0.66, 
95% CI 0.47–0.91, p = 0.115) in trastuzumab arm. After this 
analysis, patients in control arm were allowed to cross over 
to trastuzumab arm. After 4-year follow-up, the intent-to-
treat (ITT) group showed PFS was significantly higher than 
the control arm (78.6% in trastuzumab arm vs. 72.2% in con-
trol arm, HR 0.76, 95% CI 0.66–0.87, p < 0.0001). At median 
8-year follow-up, there was no survival benefit seen between 
1 and 2 years of trastuzumab. Based on this result, 1-year 
trastuzumab becomes the standard treatment in adjuvant 
setting.

BCIRG 006 randomized women with high-risk node- 
negative or node-positive HER2-positive breast cancer into 
(1) AC followed by docetaxel (AC-T); (2) AC followed by 
docetaxel plus trastuzumab for 1 year (AC-TH); or (3) carbo-
platin, docetaxel, and trastuzumab for 1 year (TCH) [82]. 
The result of this trial showed superior DFS in trastuzumab 
arms compared with standard chemotherapy arm (HR 0.64, 
p < 0.0001). Two trastuzumab-containing regimens had no 
DFS difference between them. There was a significant 
improvement of OS in both trastuzumab- containing arms 
compared with the control arm (HR for AC-TH 0.63, 
p = 0.001; HR for TCH 0.77, p = 0.04). TCH regimen had 
significantly lower incidents of cardiac toxicity compared 
with AC-TH (9.4% in TCH arm vs. 18.6% in AC-TH arm, 
p < 0.0001).

The Finland Herceptin (FinHer) trial studied the addition 
of trastuzumab to adjuvant chemotherapies: (1) vinorelbine 
followed by FEC × 3 and (2) docetaxel followed by FEC × 3 
[83]. Among 1010 women, 232 women with HER2-positive 
cancer were randomized to 9 weeks of trastuzumab or none 
with vinorelbine or docetaxel during the treatment. At 
median 3-year follow-up, trastuzumab decreased risk of 
recurrence (HR 0.42, 95% CI 0.21–0.83, p = 0.01). No dif-
ferences in OS or cardiac toxicity were seen with the addi-
tion of trastuzumab. At 5-year follow-up, addition of 
trastuzumab to both adjuvant chemotherapy regimens 
showed significant improvement in both distant DFS (HR 
0.65, 95% CI 0.38–1.12, p = 0.12) and OS (HR 0.55, 95% CI 
0.27–1.11, p = 0.094).

Based on the above clinical trial findings, ASCO and 
NCCN guidelines recommend 12  months of trastuzumab 
with standard chemotherapy as postoperative therapy in 
HER2-positive breast cancer women.

A phase II single-arm clinical trial investigated the com-
bination of paclitaxel and trastuzumab in women with 
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 low-risk, node-negative, stage I, HER2-positive breast can-
cer [84]. The result showed that in 406 women, 3-year DFS 
was 98.7% (95% CI 97.6–99.8) with less than 0.5% heart 
failure reported. Based on this result, paclitaxel and trastu-
zumab are an option for patients with stage I HER2 disease.

13.5.2  Pertuzumab

Pertuzumab is a monoclonal HER2 antibody, which has a 
different binding site from trastuzumab. Pertuzumab, in 
combination with trastuzumab and neoadjuvant chemother-
apy, showed significantly improved pCR rate than trastu-
zumab regimen in women with HER2-positive, early- stage, 
or locally advanced breast cancer (39.3% in combination 
arm vs. 21.5% in trastuzumab-alone arm, p = 0.0063) [85]. 
The addition of pertuzumab to trastuzumab also improves 
5-year PFS (86% in combination arm vs. 81% in trastu-
zumab-alone arm, HR =0.69, 95% CI 0.34–1.00) and DFS 
(84% in combination arm vs. 81% in trastuzumab- alone arm, 
HR =0.60, 95% CI 0.28–1.27) [86]. In a meta- analysis, 
higher pCR was correlated with improved OS and PFS at 
patient level, but not at trial level [77]. In metastatic setting, 
pertuzumab in combination with trastuzumab showed sig-
nificantly improved PFS (HR  =  0.68, 95% CI 0.58–0.80, 
P < 0.001) and OS (HR = 0.68, 95% CI 0.56–0.84, P < 0.001) 
[87]. Both NCCN and ASCO guideline consider “it is rea-
sonable” to incorporate pertuzumab into adjuvant setting, 
particularly in women did not receive pertuzumab in preop-
erative setting. The most common regimens are dose-dense 
AC × 4, followed by weekly paclitaxel and trastuzumab and 
pertuzumab every 3  weeks, and carboplatin, docetaxel, 
trastuzumab, and pertuzumab every 3 weeks. The Adjuvant 
Pertuzumab and Herceptin in Initial Therapy in Breast 
Cancer (APHINITY, NCT01358877) is a large phase III ran-
domized clinical trial in 4800 women with early-stage 
HER2-positive breast cancer. The initial report by Genentech 
in March 2017 states the addition of pertuzumab to trastu-
zumab improved DFS, and full result will be reported later in 
2017.

13.5.3  Ado-trastuzumab Emtansine (T-DM1)

T-DM1 is a novel agent in which a cytotoxic agent (maytan-
sine, DM1) is conjugated with HER2-specific monoclonal 
antibody trastuzumab. T-DM1 is approved in metastatic 
HER2-positive breast cancer as first- and second- line set-
tings [88]. In a phase III study, T-DM1 with and without per-
tuzumab was compared with trastuzumab and taxane (TH). 
The PFS for T-DM1 with pertuzumab was non- inferior to 
trastuzumab with taxane (15.3 months in T-DM1 with pertu-
zumab arm vs. 13.7 months in TH arm, respectively, HR 

0.87, 95% CI 0.69–10.8, p  =  0.14). The PFS for T-DM1 
alone was non-inferior to trastuzumab with taxane 
(14.1 months in T-DM1-alone arm vs. 13.7 months in TH 
arm, respectively, HR 0.91, 95% CI 0.73–11.3, p =  0.31) 
[89].

T-DM1 versus Paclitaxel/Trastuzumab for Breast 
(ATEMPT Trial, NCT01853748) is a phase II trial compar-
ing T-DM1 versus paclitaxel and trastuzumab in early-stage 
HER2-positive breast cancer after surgery. The study has 
completed 500 patient enrollments, and the primary endpoint 
is DFS at 2 years. Secondary endpoints include OS, DFS in 
patients with different tumor size, and T-DM1 toxicities.

13.6  Conclusions

Adjuvant systemic therapy improves survival for women 
with early-stage breast cancer after surgery. Therapy is tai-
lored to the individual based on risk of recurrence and recep-
tor status. In patients with ER- and/or PR-positive and 
HER2-negative breast cancer, Oncotype Dx® among other 
biomarkers can further identify patients who will benefit the 
most from chemotherapy. Endocrine therapy should be 
offered to every woman with ER- and/or PR-positive breast 
cancer. The type of endocrine therapy depends on meno-
pausal status. The gold standard for postmenopausal women 
is an aromatase inhibitor. However, women have options 
such as tamoxifen, nonsteroidal AIs, and steroidal AIs. 
Ovarian suppression should be considered in young women 
with high-risk disease. In patients with triple-negative breast 
cancer, polychemotherapy remains the mainstay of adjuvant 
therapy. Platinum-based adjuvant therapy is promising, and 
further study is underway. Women with HER2-positive 
breast cancer should receive anti-HER2 therapy including 
trastuzumab and/or pertuzumab in combination with chemo-
therapy. Many novel agents are currently under study in the 
adjuvant setting in order to advance the treatment of early-
stage breast cancer.
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Whole-Breast Radiotherapy After 
Breast-Conserving Surgery

Lior Z. Braunstein

14.1  Introduction

The management of breast cancer has advanced consider-
ably since the historical dependence on increasingly aggres-
sive forms of mastectomy. With advances in technology, 
including enhanced imaging, pathologic margin assessment, 
systemic agents, and radiotherapy techniques, breast con-
servation has become increasingly feasible and now heralds 
outcomes that are at least as favorable as mastectomy in the 
majority of cases [1, 2].

The combination of breast-conserving surgery (BCS) and 
adjuvant radiotherapy (RT) is known as breast-conserving 
therapy (BCT). This approach has been evaluated over sev-
eral decades by a number of landmark studies that have 
established BCT as a standard of care for localized breast 
cancer. A meta-analysis further analyzed these studies in 
aggregate, establishing a clear survival benefit for adjuvant 
radiotherapy following BCS, with outcomes approximating 
those of mastectomy [1].

Breast cancer awareness and screening initiatives have 
increased the number of those presenting with early-stage 
disease who are eligible for BCT [3–5]; despite this, there 
has been a paradoxical increase in the rate of both therapeu-
tic and prophylactic mastectomies that runs counter to the 
general oncologic trend of organ preservation [6]. In this 
chapter, we discuss the principles of BCT, the rationale for 
adjuvant radiotherapy, and the recent advances with practice- 
changing implications.

14.2  Selecting Candidates for Breast-
Conserving Therapy

As with any organ-sparing treatment, the predominant factor 
in determining appropriateness relates to optimizing post-
treatment cosmesis and function. If the underlying tumor 
involves a large proportion of the overall breast volume, 
breast conservation is less likely to yield a cosmetically ade-
quate result, possibly favoring mastectomy. Thus, a rela-
tively small tumor might require mastectomy if arising in a 
small-volume breast, while a large tumor could potentially 
be managed with lumpectomy if arising in a larger-volume 
breast. The traditional threshold for consideration of BCT 
has been a maximal tumor dimension of ≤5 cm, although 
expected cosmesis and patient motivation should predomi-
nate in clinical decision-making [7].

BCT is contraindicated in the following settings where 
safety or efficacy may be compromised:

 – Diffuse disease that cannot be adequately excised with 
negative margins or with an acceptable cosmetic result.

 – Presence of multiple areas of suspicious or malignant- 
appearing calcifications.

 – Breast cancer detected early in a pregnancy that would 
necessitate RT prior to delivery. Radiation is a robust 
teratogen and should be avoided during pregnancy if at all 
possible.

 – Prior breast or chest wall radiotherapy increases the risk 
of RT-induced toxicity, typically favoring mastectomy. 
While prior RT was previously an absolute contraindica-
tion to breast conservation, repeat BCT is now being 
investigated in prospective fashion [8], with a number of 
retrospective reports demonstrating feasibility with mar-
ginally increased toxicity [9–11]. Previous RT may now 
represent a relative contraindication.

 – A number of connective tissue disorders and collagen 
vascular diseases have been reported to increase the toxic-
ity of RT. Among these, the presence of systemic lupus 
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erythematosus, discoid lupus, Sjogren’s syndrome, and 
scleroderma have prompted avoidance of RT [12–17].

 – The presence of an underlying predisposing breast cancer 
syndrome (e.g., the hereditary breast and ovarian cancer 
syndrome among BRCA1 or BRCA2 mutation carriers) 
should favor mastectomy given that the residual breast 
tissue remains at high risk of developing a metachronous 
cancer [7].

14.3  Adjuvant Breast Radiation Following 
Breast-Conserving Surgery

Since the era predominated exclusively by mastectomy, a 
series of landmark studies has established the role for 
adjuvant radiation as a standard component of breast con-
servation [18, 19]. Radiation to the ipsilateral whole breast 
has been shown in a number of setting to reduce the risk of 
local recurrence (LR) following lumpectomy. Moreover, 
large scale meta-analyses by the Early Breast Cancer 
Trialists’ Collaborative Group (EBCTCG) collected suffi-
cient data to demonstrate a survival benefit to adjuvant 
radiotherapy in addition to this improvement in local con-
trol. The initial report by the EBCTCG exhibited a 4:1 
relationship between the reduction in LR at 5 years and the 
survival improvement at 15 years [1]. Another important 
finding of this study was that radiotherapy reduced LR by 
approximately 70% in either the lumpectomy or the mas-
tectomy setting. Following a number of subsequent radia-
tion trials, the meta- analysis was updated in 2011 to 
include 17 prospective randomized studies comprising 
over 10,000 women with a median follow-up of nearly 
10 years [20]. In this report, radiation reduced the risk of 
any first recurrence at 10 years from 35.0% with lumpec-
tomy alone to 19.3% with lumpectomy + radiation. Breast 
cancer death was concomitantly reduced at 15 years from 
25.2% to 21.4% with the addition of RT to lumpectomy, 
further cementing the role of adjuvant radiotherapy in the 
BCT setting. Of note, RT appeared to reduce the risk of 
any first recurrence by about half in most subgroups, sug-
gesting the greatest absolute benefit among subgroups at 
the highest risk. Conversely, the most favorable subgroups, 
such as those with smaller tumors that were estrogen 
receptor (ER) positive, of older age, and node-negative, 
benefitted only modestly from the addition of radiotherapy 
to surgery.

Overall, outcomes for BCT appeared excellent in the 
early trials and have only improved since. The EBCTCG 
reported a 5-year ipsilateral breast recurrence rate of 6.7% 
for node-negative patients and 11% for node-positive 
cases. At 10 years, these rates increased marginally to 10 
and 13.1%.

Whereas whole-breast radiotherapy was traditionally 
administered in daily fractions of 180–200 cGy requiring 
5–6 weeks to deliver a full course, studies in recent years 
have revealed that larger daily fraction sizes, termed 
“hypofractionation,” can safely and effectively reduce the 
duration of a treatment course to 3–4  weeks. In 2010, 
Whelan et al. reported the results of a Canadian trial in 
which 1234 patients were randomized to either the stan-
dard dose of 50 Gy in 25 fractions or the hypofractionated 
regimen of 42.5 Gy in 16 fractions [21]. At 10 years, no 
significant differences were noted between the groups 
with regard to local recurrence (6.7% for the standard arm 
versus 6.2% for the hypofractionated arm) and those 
reporting good-to- excellent cosmesis (71.3% vs. 69.8%, 
respectively). On subgroup analysis, patients with high-
grade disease were initially reported to have higher local 
recurrence rates, although this finding was not borne out 
in subsequent studies. A pair of similarly directed studies 
from the United Kingdom also aimed to assess the feasi-
bility of hypofractionation [22, 23]. Much like the 
Canadian study, the UK START B trial enrolled 2215 
women who were randomized to either the standard regi-
men of 50 Gy in 25 fractions as above or a hypofraction-
ated regimen of 40 Gy in 15 fractions (one fraction fewer 
than the Canadian trial). At a median follow-up of 
9.0 years, the proportion of patients with local or regional 
recurrence did not differ between the standard and hypo-
fractionated arms (5.5% vs. 4.3%, respectively). Of note, 
there appeared to be less breast shrinkage, telangiectasia, 
and edema in the hypofractionated arm.

Given these largely favorable outcomes, significant 
resources have been devoted in recent years to identifying 
those patients at highest risk for recurrence in an effort to 
tailor therapy. Several institutional reports have identified 
young patient age as an independent risk factor for adverse 
outcomes including both recurrence and survival [24–27]. 
Along these lines, the European Organisation for Research 
and Treatment of Cancer (EORTC) conducted an evaluation 
of boost radiation following whole-breast radiotherapy and 
determined that younger patients had both the highest rates 
of local recurrence and were also most likely to benefit from 
boost radiation (5-year LR rate for those <40 years of age 
was 15% vs. 7% for those 41–50, 4% for those 51–60, and 
3% for those older than 60 years of age) [24].

Of particular interest is that the influence of age on LR 
may be diminishing with advances in the overall management 
of breast cancer. For example, Van der Sangen et  al. 
demonstrated that among women younger than 40, the 5-year 
rate of LR following BCT declined from 11% to 3.8% from 
the mid-1990s to the early 2000s [28]. Similar observations 
have been made among other cohorts and are likely 
attributable to improvements in breast cancer detection and 
continued advances in the efficacy of systemic therapies.
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In addition, it is now largely recognized that breast cancer 
is not a single disease entity but rather is a heterogeneous 
class comprising at least four biologic subtypes, including 
luminal A, luminal B, HER2-enriched, and basal-like, each 
of which has its own natural history and is both prognostic 
and predictive [29–31].

There also appear to be at least 30 histologic subtypes of 
breast cancer, among which invasive ductal carcinoma (IDC) 
is the most common and represents 60–70% of cases; 
invasive lobular carcinoma (ILC) accounts for another 
5–15% [32, 33]. ILC exhibits several clinical and pathologic 
features that distinguish it from IDC, including a loss of 
E-cadherin, a cell-cell adhesion molecule [34], a tendency 
toward multifocality, and a predominance of the luminal A 
biologic subtype in contrast to IDC, which is broadly 
distributed among other subtypes (i.e., luminal A/B/HER2-, 
HER2-, and triple-negative) [35]. Furthermore, in contrast to 
IDC, ILC more often requires re-excision or mastectomy 
following breast-conserving surgery due to challenges 
detecting its diffuse growth both radiographically and 
operatively, thereby leading to mastectomy more frequently 
than IDC [36–40].

14.4  Omitting Adjuvant Breast Radiation

Although well-tolerated and effective, RT poses an inconve-
nience to patients and confers a small, yet real, risk of long-
term adverse effects, such as cardio-/pulmonary toxicity and 
secondary malignancies. As described above, large meta-
analyses [41] and institutional reports have suggested that 
not all patients stand to benefit equally from RT, with certain 
disease features portending an excellent prognosis regardless 
of the adjuvant treatment approach [42]. As a result, several 
attempts have been made to identify those low-risk patients 
who might be safely spared the cost and morbidity of RT.

From 1986 to 1992, several Harvard centers prospectively 
accrued a cohort of 87 women with T1N0 invasive breast 
cancer who were treated with BCS alone [43, 44]. Despite 
selecting for favorable features such as unicentric disease, 
margins ≥1 cm, and no lymphovascular invasion, the (LR) 
rate was 23% at a median follow-up of 86  months. This 
outcome was worse than anticipated for a low-risk sample, 
supporting the continued use of adjuvant RT among such 
favorable patients. Importantly, this trial included several 
patients <50 years of age, and estrogen receptor (ER) status 
was unknown in 50% of cases.

In a similarly minded study, the National Surgical 
Adjuvant Breast and Bowel Project (NSABP) B-21 trial 
sought to determine whether the reduction in LR afforded by 
tamoxifen could supplant the need for adjuvant RT [45]. In 
that trial, 1009 women who had undergone BCS for tumors 
≤1 cm were randomized to adjuvant tamoxifen, RT, or both. 

At 8 years, the cumulative incidence of local recurrence (LR) 
was 16.5% for patients who received tamoxifen alone, 9.3% 
for RT, and 2.8% for those who received both (p = 0.01). The 
authors concluded that despite careful selection, this 
population remained at sufficient risk of LR to merit adjuvant 
RT. Of note, despite the implications of hormonal therapy in 
this trial, ER status was unknown in nearly 30% of patients, 
and about 20% were <50 years of age.

Since older age at diagnosis has long yielded favorable 
breast cancer outcomes (including reduced LRR even when 
adjusted for biologic subtype), a Canadian trial included 
only women ≥50 years of age [46]. Between 1992 and 2000, 
769 women with T1 or T2 breast cancers were randomized to 
tamoxifen alone or in combination with RT. The 5-year rate 
of LR was 7.7% for women who received tamoxifen alone 
versus 0.6% for those who received the combination 
(p < 0.001), again demonstrating the local benefit of RT. In 
further subgroup analyses of the most favorable patients with 
T1 ER+ tumors, the local recurrence rate at 8 years remained 
elevated at 15.2%.

A number of smaller historical studies have also attempted 
to omit radiotherapy for select subgroups of breast cancer 
patients. A Finnish study accrued 264 segmentectomy 
patients with small, unifocal tumors and randomized them to 
receive RT or not [47]. After a median follow-up of 12 years, 
LR was noted in 12% of those who received RT versus 27% 
in those who did not. An analogous German trial employed a 
2 × 2 factorial design to evaluate the influence of both RT 
and tamoxifen on LR [48]. Though not powered to detect an 
interaction between RT and tamoxifen, 10-year LR was 34% 
among patients receiving BCS alone versus 10% among 
those who also received adjuvant RT. Of note, the addition of 
tamoxifen reduced these rates to 7% without RT and 5% 
with RT, although the sample was insufficient to make 
definitive conclusions. Milan 3 was an Italian study of 579 
quadrantectomy patients with tumors <2.5 cm, randomized 
to the receipt of RT or no RT [49]. The 10-year cumulative 
incidence of LR was 5.8% among patients treated with RT 
versus 23.5% among those who were not (p < 0.001). This 
difference was reported to be especially large among women 
≤45 years of age, with no apparent difference among those 
>65 years old (p = 0.326). Notably, these studies were unable 
to rigorously evaluate tumor ER status or other molecular 
signatures which were more recently discovered. As 
described below, the modern use of robust biomarkers has 
significantly improved our ability to risk-stratify patients 
prior to enrollment in such trials.

Thus far, the Cancer and Leukemia Group B (CALGB) 
has conducted the main study to date showing the feasibility 
of omitting RT in the setting of breast conservation [42, 50]. 
The CALGB 9343 accrued 636 women from 1994 to 1999. 
All patients were ≥70  years old, had T1 ER+ breast 
carcinoma, and were treated with BCS.  Patients were 
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randomized to adjuvant therapy including tamoxifen with 
RT or tamoxifen alone. The 10-year rate of local and regional 
recurrence (LRR) was significantly different between the 
two groups: 2% for those receiving tamoxifen with RT versus 
10% for tamoxifen alone. However, no significant differences 
were noted with regard to DM or OS between treatment 
arms. While the difference in LRR was statistically 
significant, the small absolute benefit of RT along with the 
absence of a survival benefit has been deemed sufficient 
evidence to reasonably offer women over 70 the option of 
omitting RT should they plan to pursue antiestrogen therapy. 
To date, there are limited data to inform the omission of RT 
in women younger than 70 years of age, and, moreover, this 
population has not been studied in the modern treatment era.

Modern advances in imaging, systemic therapy, margin 
assessment, and molecular analysis have changed the BCT 
landscape, now reducing LRR rates for early breast cancer to 
below 5–10% in many reports [27, 51, 52]. In contrast, the 
studies cited above that attempted to identify low-risk 
subgroups were largely conducted with now outdated 
approaches, yielding higher-than-expected LRR rates even 
among the most favorable patients. Standard treatment 
approaches and risk-stratification techniques have since been 
refined considerably, with efforts to de-escalate treatment for 
the lowest-risk patients [53].

Molecular profiling studies have also since revealed that 
breast cancer is not a single disease entity, but rather a class 
of distinct biological subtypes. These subtypes carry 
prognostic and predictive significance with a discrete natural 
history characterizing each [30, 54–56]. Given the costs and 
complexity associated with comprehensive transcriptional 
profiling, surrogate methods using widespread 
immunohistochemical (IHC) and histologic techniques have 
been correlated with the relevant transcriptional profiles; 
these have been largely based on staining for the estrogen 
receptor (ER), progesterone receptor (PR), Her2neu 
overexpression (HER2), and the Ki-67 proliferation marker, 
along with an assessment of histologic grade. Among the 
intrinsic biologic subtypes distinguished by these markers, 
the most favorable is luminal A, typically defined by 
immunohistochemistry showing ER+, PR+, and Her2-, 
along with a low histologic grade and/or low Ki-67 
proliferation rate [27, 31, 57]. Accordingly, luminal A tumors 
appear to confer the lowest risk of LRR among all breast 
cancers. This recent biologic insight may be the key factor in 
identifying patients of sufficiently low risk that RT might be 
reasonably omitted following BCS.

However, with the widespread clinical adoption of 
IHC- based subtyping, concerns have been raised regard-
ing the fidelity of this technique in capturing the underly-
ing molecular profile and predicting intrinsic tumor 
biology. As a result, researchers have sought to develop 

more comprehensive and standardized assays to reliably 
and reproducibly characterize biologic subtype. Two large 
ongoing studies seek to robustly identify subpopulations 
of patients who may be able to safely omit radiotherapy 
following lumpectomy. The Individualized Decisions for 
Endocrine Therapy Alone (IDEA; ClinicalTrials.gov 
NCT02400190) study uses a 21-gene recurrence score 
(Oncotype DX, Genomic Health) to risk-stratify eligible 
patients, whereas the Profiling Early Breast Cancers for 
Radiotherapy Omission (PRECISION, ClinicalTrials.gov 
NCT02653755) trial is employing the prediction analysis 
of microarray 50 (PAM-50) gene expression profile which 
was initially used to describe the intrinsic breast cancer 
subtypes and is now available as a validated prognostic 
and predictive clinical assay [58–60] (ProSigna, 
NanoString). Molecular assays such as these gene expres-
sion profiles have begun to play an increasingly promi-
nent role as adjuncts to traditional clinicopathologic 
features [61].

14.5  Toxicity of Whole-Breast 
Radiotherapy

Whole-breast radiotherapy has benefited from recent 
advances in radiation technology and is now a safe and 
well- tolerated approach. Treatments are typically adminis-
tered daily, in less than 30 min per fraction, without sig-
nificant decrement in day-to-day quality of life. The most 
common adverse effects associated with whole-breast 
radiation are cumulative and typically arise after several 
weeks of treatment; these include radiation-associated 
fatigue and a cutaneous reaction typical of radiation der-
matitis. The extent of fatigue reported by patients is highly 
variable, including some who report no fatigue through the 
end of treatment, while others report feeling generalized 
weakness and resort to daily naps or modified sleep sched-
ules. Regardless of the degree of reported fatigue, the 
majority of patients revert to their baseline activity level 
within 1–2 months of treatment completion, while a minor-
ity will report residual fatigue even after several months of 
follow-up.

Radiation dermatitis is a phenomenon noted among many 
radiation-treated disease sites and shares clinical features 
with the common sunburn. Contemporary approaches that 
employ megavoltage photons can promote “skin-sparing” 
along with algorithms to optimize dose homogeneity which 
have generally improved the expected cutaneous toxicities 
that were previously commonplace with breast radiotherapy. 
Skin reactions with contemporary whole-breast radiation 
techniques are typically mild, consisting of warmth, mild 
tenderness, mild-to-moderate erythema, and occasional 

L. Z. Braunstein



199

pruritus. As with fatigue, the degree of reaction varies 
considerably among patients, likely to owing to both 
anatomic and genetic contributors. Rare patients will exhibit 
more severe skin reactions that range from dry to moist 
desquamation, and skin necrosis has been reported in rare 
circumstances or unusual scenarios such as re-irradiation or 
concurrent surgical manipulation. The majority of mild-to- 
moderate skin effects typically resolve within 1–2 months 
following the completion of radiotherapy, although mild 
hyperpigmentation or breast edema/heaviness may persist in 
the long term [7].

Contemporary treatment planning allows for the estima-
tion of radiation dose to normal structures, making perma-
nent tissue injury exceedingly rare in modern settings. A 
noted long-term complication following lumpectomy and 
breast radiation is a subcutaneous fibrosis of the manipulated 
breast tissue [62, 63]. However, with typical whole-breast 
treatment courses ranging from 40 to 50  Gy, excellent 
cosmesis is noted by the majority of patients.

Secondary radiation-induced malignancies can be a dev-
astating complication following any form of radiotherapy. 
Following whole-breast radiation, lung cancers, angiosar-
comas, and metachronous breast cancers have been 
reported, although each is fortunately exceedingly rare 
[64–67]. Contralateral breast cancers are of particular con-
cern given a number of data to suggest that whole-breast 
radiation may increase the risk of a metachronous contra-
lateral cancer [68–70]. As a result, breast radiation tech-
niques have been continually refined to limit the amount of 
contralateral scatter radiation. Indeed, techniques for 
reducing hotspots, which were historically dependent 
largely on the use of physical wedges which increased scat-
ter dose [71], now exploit advanced technologies such as 
intensity modulation, multiple subfields, and tangents 
designed to limit direct contralateral breast dose. In one 
analysis, contralateral breast dose was decreased by up to 
82% using intensity modulation [72].

As the long-term outcomes for breast cancer have 
become increasingly favorable, focus has appropriately 
been placed on the long-term toxicities of treatment. 
Perhaps most notably, the cardiac consequences of breast 
radiation have received considerable attention given his-
torical techniques and long-term data. The landmark 
EBCTCG analyses described above revealed that among 
patients treated with radiation for breast cancer, there was a 
relative risk of 1.27 for cardiac death in comparison to 
patients who did not receive radiotherapy [1, 20]. Of note, 
this effect was most notable among older subgroups that 
were treated comprehensively with post-mastectomy radia-
tion, using techniques that are now outdated. Fortunately, 
improved treatment approaches have since been developed 
to minimize cardiac dose, and contemporary patients likely 

face far less cardiac risk than their predecessors. A SEER 
analysis demonstrated that radiation no longer increased 
the risk of cardiac death as early as the 1980s, whereas car-
diac toxicity was still elevated in the 1970s [73]. Another 
SEER-Medicare study revealed no increase in cardiac 
events among older patients who underwent radiation for 
left-sided breast lesions [74]. Conversely, a contemporary 
series demonstrated that patients who received radiation for 
left-sided cancers exhibited an increased risk of coronary 
events in comparison to their right-sided counterparts [75]. 
Along similar lines, a landmark study by Darby et al. evalu-
ated the dosimetric relationship between breast radiother-
apy and cardiac toxicity, reporting that for each 1  Gy 
increase in mean cardiac dose, baseline cardiac events rose 
by a relative 7.4% [76]. Of particular note is that cardiac 
toxicity following breast radiation can have a latency in 
excess of 10 years, making the avoidance of cardiac radia-
tion particularly important.

As a result of these and other findings, a number of tech-
niques have been developed to minimize cardiac exposure 
when administering whole-breast radiotherapy. For example, 
a heart block can be used when the tumor cavity is some 
distance from the cardiac silhouette. This small block typi-
cally comes at the expense of complete coverage of the lat-
eral and medial edges of the inferior breast/chest wall, 
although for tumors in the upper quadrants of the breast, this 
tradeoff may be considered acceptable [77]. The deep 
inspiration breath-hold (DIBH) technique is another 
approach to mitigating heart dose, whereby radiation is 
delivered during a prolonged breath hold that inflates the 
lungs, depresses the diaphragm, and typically displaces the 
heard inferomedially away from the targeted chest wall 
(Fig.  14.1). The use of this technique depends on the 
employment of motion management devices, such as surface 
anatomy monitoring (e.g., AlignRT) or spirometric gating 
[78–81]. Additionally, if treating the whole breast and not the 
regional lymph nodes, prone or lateral recumbent positioning 
may allow sparing of the heart by exploiting gravity to 
displace breast tissue away from the chest wall (Fig. 14.2) 
[82–84].

Occasionally, pulmonary toxicity manifests as radiation 
pneumonitis—a syndrome variably consisting of cough, 
dyspnea, fever, and malaise that is typically self-limited, 
arising within 4–12  weeks following radiation. A late, 
fibrotic radiation pneumonitis has also been described, 
developing 6–12  months following RT and comprising 
similar clinical manifestations. While the optimal 
management for radiation-associated lung injury is unknown, 
a common regimen for those with progressive symptoms 
involves a moderate course of glucocorticoid therapy (often 
prednisone 60 mg daily for 2 weeks, followed by a gradual 
taper of 3–12 weeks).
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14.6  Follow-Up After Radiotherapy

Acute radiation-associated toxicities such as fatigue and ery-
thema are typically short-lived and resolve within weeks fol-
lowing treatment. In a minority of cases, symptoms persist 
for months and require close monitoring to mitigate the risk 
of longer-term sequelae. The longer-term risks of breast 
radiotherapy, as described above, include poor cosmesis, 
radiation pneumonitis, cardiac toxicity, and secondary 
malignancy. Brachial plexopathy has been rarely reported 
with treatment of the lymph nodes, as targeting of the supra-
clavicular fossa necessitates delivery of full treatment dose 

to the brachial plexus. Given these late effects, posttreatment 
monitoring is an important component following definitive 
therapy.

Overall long-term management is beyond the scope of 
this chapter and may include follow-up with multidisci-
plinary oncologic providers, in addition to physical thera-
pists, sexual health providers, mental health practitioners, 
and others. Current guidelines recommend annual posttreat-
ment mammography and physical examination 1–4 times 
per year [85], based on the generally favorable outcomes fol-
lowing breast-conserving therapy. Several groups have dem-
onstrated the value of a multidisciplinary approach to the 

a b

Fig. 14.1 The deep inspiration breath-hold (DIBH) technique uses 
spirometric gating or surface monitoring technologies to allow deliv-
ery of radiation during a reproducible inspiration. Favorable anatomic 
dynamics are noted in most patients when comparing a free-breathing 

simulation (Panel A) to DIBH (Panel B). These images represent the 
same index location in the same patient. Note the proximity of the left 
ventricle to the targeted breast/chest wall

a b

Fig. 14.2 In comparison to supine positioning (panel A), select 
patients benefit from prone simulation (panel B) which exploits gravity 
to displace targeted breast tissue away from the chest wall, yielding 

improved geometry and a concomitant reduction in radiation dose to 
the ipsilateral lung and heart
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evaluation, management, and follow-up of breast cancer, 
and, while resource-intensive, patient satisfaction appears to 
benefit from this comprehensive design [86].

14.7  Conclusions

With increasing emphasis on organ preservation among 
oncologic disciplines, there is considerable evidence to 
support the use of breast conservation in the management 
of breast cancer. Indeed, contemporary series demonstrate 
results in most cases that are at least equivalent to those of 
mastectomy yet improve quality of life for treated patients. 
In appropriately selected patients, the conserved breast 
following lumpectomy and radiation maintains excellent 
cosmesis with limited risk. These considerations remain 
particularly relevant with advances in systemic therapy 
and radiation techniques, which are being applied with 
increasing precision based on individual risk. Further 
research will continue to refine our understanding of breast 
cancer biology and of the optimal multidisciplinary 
approach for individual patients.
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Radiotherapy: Principles 
and Consequences for Breast 
Reconstruction

Roberto Orecchia, M. Cristina Leonardi, 
and Veronica Dell’Acqua

15.1  Postmastectomy Radiotherapy 
Indications

A clear evidence of survival advantage by adding radio-
therapy (RT) to high-risk patients after mastectomy 
emerged toward the end of the 1990s, and the number of 
patients who require postmastectomy radiotherapy (PMRT) 
has increased over time. There is a worldwide recommen-
dation that chest wall and supraclavicular RT is adminis-
tered to locally advanced (pT3/pT4) tumors and to any 
tumor size with four or more positive axillary lymph nodes 
[1]. For women at an intermediate risk of recurrence, the 
role of PMRT is more controversial, but it is increasingly 
used, mainly when some aggressive features are present, 
such as young age 40 years or less, negative estrogen recep-
tors, and grade III, vascular, or lymphatic invasion [2]. 
Several specifically addressed trials broadening the indica-
tions for PMRT are still ongoing, and the percentage of 
patients who require adjuvant RT following mastectomy is 
expected to further increase. On the other side, the benefits 
of breast reconstruction (BR) after partial or total mastec-
tomy are well-established, including psychological health 
and aesthetic outcome, and most women are choosing to 
have a BR. The optimal integration of breast reconstruction 
and PMRT is still under investigation. The best strategy is 
each case be discussed within the context of a multidisci-
plinary team in order to offer the best management option 
according to the doctors and patients’ points of view [3]. 
The choice of type of reconstruction (allogeneic versus 

autologous), and the timing (immediate versus delayed), 
depends on several variables, such as comorbidity, tumor 
stage, need for adjuvant therapies, body habits, breast size 
and shape, and personal preference, and all these aspects 
have to be considered.

15.2  Physiopathology of Radiation

Radiation side effects are classified as acute and chronic, 
according to the time at which they occur. Acute effects man-
ifest within days to weeks and usually involve cellular death 
in rapidly proliferating cells. The most typical acute reac-
tions consist of erythema, dry desquamation, edema, and 
epilation. Later, skin hyperpigmentation due to stimulation 
of epidermal melanocytes can be also observed. These initial 
reactions can progress into more severe side effects such as 
moist desquamation, characterized by exposure of the der-
mis, secreting exudates, which results from eradication of 
stem cells from the basal layer. Chronic side effects may 
occur after several months or years and usually manifest as 
atrophy and fibrosis. Clinically, fibrosis causes hardening 
and thickening of the dermis. Dyschromic changes consist of 
either hyperpigmentation or hypopigmentation, due to 
abnormal stimulation or depletion of melanocytes, respec-
tively. Telangiectasia consists of superficial vessel dilatation. 
The mechanisms of radiation-induced damage include either 
the microvascular occlusion theory or the chromosomal 
alteration theory [4]. Recent evidence supports the latter 
theory, showing permanent damage to fibroblasts and to stem 
cells, which are inhibited from replicating and providing new 
vessels [5]. In case of BR, fibrosis and shrinkage can lead to 
an increased incidence of revision surgery, following autolo-
gous reconstruction. In prosthetic-based reconstruction, 
these radiation-induced changes can be associated with 
higher rate of infection, capsular contraction, and revision 
surgery.
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15.3  Delayed Versus Immediate Breast 
Reconstruction

Recommendations range from delaying BR until after 
PMRT to using a delayed-immediate approach, placing a 
temporary tissue expander (TE) before definitive reconstruc-
tion, to performing immediate BR followed by PMRT. BR is 
considered safe by the oncological point of view in terms of 
local control or in any survival endpoint compared to patients 
who only received RT following mastectomy without recon-
struction [6, 7]. The use of immediate BR has markedly 
increased in recent years, due to the positive psychological 
impact, the ease of operating with non-irradiated tissues, 
and the great cost-effectiveness [8, 9]. The potential draw-
backs consist in a more complicated RT technique and in an 
increased postoperative complication rate with adverse cos-
metic outcome [10–12]. Immediate BR can be adversely 
affected by PMRT and may compromise the radiation field 
design leading to a suboptimal radiation delivery [11]. On 
the other hand, delayed BR after PMRT may be technically 
challenging because of chronic inflammation that increases 
the risk of perioperative complications, delayed healing, 
wound infection, and anastomotic failure [13]. The main 
points emerging from a comprehensive review including 11 
studies are that immediate BR and PMRT are more likely to 
cause morbidity when compared to immediate BR alone, 
and autologous tissue is the superior reconstruction tech-
nique in terms of postoperative morbidity in case of PMRT 
after BR, and delaying BR until the completion of PMRT 
had no significant effect on outcome [14]. Most of studies 
addressing the issue of sequencing do not find any increase 
in overall complication rates between immediate BR and 
delayed BR [15, 16] but point out the different nature of 
complications [17]. Early complications (vessel thrombosis, 
partial or total flap loss, infection, no healing open wounds) 
tend to develop in patients having PMRT first, whereas 
patients having BR first have a higher risk of late complica-
tions (fat necrosis, flap volume loss, and flap contracture) 
[18, 19]. Javaid et al. conducted a systematic review includ-
ing ten studies on the optimum timing of RT in relation to 
autologous BR [20]. All studies but one described an 
increased complication rate when BR is combined with 
PMRT compared to BR alone, from 0–21% to 16–33%. The 
general recommendation is to delay the BR with autologous 
tissue until after the end of RT in order to avoid adverse 
cosmetic outcome [21, 22]. Regarding the appropriate tim-
ing of delayed BR after PMRT, there is no consensus in the 
literature. In one dedicated study, an interval of 12 months 
between the completion of PMRT and delayed abdominal 
free flap BR was shown to minimize complications and opti-
mize outcomes [23]. The most frequent complication of BR 
using a prosthesis is capsular contracture (CC). Although 
both previous and postoperative RT are strongly involved in 

capsule formation [24], for patients irradiated after immedi-
ate BR, the risk increases a lot [25]. In the study conducted 
by Behranwala et al., capsule formation is three times more 
likely to occur after immediate BR in association with a RT 
field [26]. Regarding the appropriate timing of PMRT after 
BR with TE/PI, Tallet et al. found that the complication rate 
was not influenced by the RT delivered either 1 or 5 months 
after BR with an expander [27]. However, using an animal 
model, Goodman et al. demonstrated that a time interval of 
2–3 weeks after complete filling of the expander increased 
tissue tolerance to radiation [28]. In previously irradiated 
patients, delaying BR for at least 12 months after the com-
pletion of RT seems to reduce the incidence of CC [29, 30]. 
Kronowitz et al. reported on a two-stage approach delayed-
immediate BR as to optimize outcomes in those patients for 
whom the need for PMRT is unknown at the time of mastec-
tomy [31]. The first stage consists in placing a saline-filled 
tissue expander, followed by immediate BR if RT is not 
required, according to the final histopathology report. 
Conversely, if RT is required, the expander is deflated, and 
patients undergo delayed BR after the completion of RT 
using an autologous tissue flap. This approach appears to be 
both technically feasible and safe. A systematic review of 
the literature published from 2000 to 2015 on the surgical 
outcomes after BR and adjuvant therapy has been quite 
recently published [32]. This included 56 manuscripts (5437 
patients) evaluating patients treated with PMRT and 11 
manuscripts (820 patients) evaluating patients treated with 
chemotherapy. Pooled analysis of the PMRT cohort reported 
a total complication rate of 35%. A significantly higher 
weighted incidence of reoperation (P < 0.0001), total com-
plication (P  <  0.0001), and reconstructive failure 
(P  <  0.0001) was observed on prosthetic reconstruction 
compared to autologous. Reconstructive failure had a 
weighted incidence of 16.8% in device-based reconstruction 
and 1.6% in autologous reconstruction. A subgroup analysis 
of reconstructive failure based on the timing of PMRT dem-
onstrated a significant increase when PMRT preceded defin-
itive implant reconstruction (irradiation to the TE) when 
compared to PMRT following definitive permanent implant 
(18.8% versus 14.7%; P  =  0.006). Only a trend toward 
PMRT preceding autologous reconstruction versus delaying 
PMRT was observed. As opposite, there was a little evidence 
that adjuvant chemotherapy is associated with poorer cos-
metic outcomes.

15.4  Type of Reconstruction

For women receiving BR, there are a variety of reconstructive 
options available, each with its own pros and cons. The four 
most common types of BR performed today are expander/
implant (TE/PI), latissimus dorsi (LD), transverse rectus 
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abdominis myocutaneous flap (TRAM), and deep inferior 
epigastric perforator flap (DIEP). The decision regarding 
which type of BR should be used is determined by a number 
of variables related to disease, patients’ characteristics, and 
doctors’ expertise [33]. Autologous BR is always the prefer-
ential choice when a patient is a candidate for RT. In a study 
conducted by Jhaveri et  al., the impact on cosmesis, func-
tional outcome, and daily life activity was significantly 
heavier for TE/PI compared with autologous BR [34]. The 
group from Massachusetts General Hospital reported compli-
cation rates of 53% and 12%, respectively, with TE/PI and 
autologous BR, with none of autologous BR requiring correc-
tive surgery [21]. A retrospective review of patients who 
underwent mastectomy plus autologous or TE/PI BR at 
Cleveland Clinic was performed by Berry et al. [35]. In the 
TE/PI population, there were a total complication rate of 
31.8% and overall major complication rate of 24.8%. RT 
increased major complication rate from 21.2% to 45.4%. The 
most common complications were implant extrusion and 
CC. However, TE/PI BR was successful in 70.1% of patients 
receiving RT. In the autologous BR group, there was a total 
complication rate of 31.5%, and 19.7% had major complica-
tions. There was no statistically significant difference between 
the irradiated and non-irradiated autologous tissue BR, with 
major complication rates of 17.9% and 20.5%, respectively. 
Different autologous flap types provided similar complication 
rates. Berry found that preoperative and postoperative RT led 
to higher major complication rates compared with no RT 
(P < 0.001), and autologous BR had significantly fewer major 
complications compared with TE/I BR in both preoperative 
(P < 0.005, odds ratio 0.22) and postoperative RT (P < 0.05, 
odds ratio 0.35). Conversely, in the study conducted by 
Anderson et al., the type of BR irradiated did not predict for 
complications, and both BR with TRAM and TE/PI experi-
enced a very low rate of major complications (0–5%), prob-
ably due to a more sophisticated RT technique [36].

15.4.1  Allogeneic Reconstruction

The reconstructive technique with TE/PI represents a faster 
and less complex operative procedure as compared to autolo-
gous tissue BR, in spite of its having a greater bearing on 
complication rates [14]. Long-term complications include 
CC, infection, pain, skin necrosis or inadequate healing, 
fibrosis and progressive asymmetry, implant rupture, extru-
sion, or malpositioning (Figs. 15.1 and 15.2). CC is by far the 
most complication: the etiology of CC is probably multifacto-
rial, where subclinical infections, patient sensitivity to the 
inflammatory response, and hematomas may also play a role 
[37]. Some authors have hypothesized that RT may activate 
the wingless signaling pathway implicated in regulating 
fibro-proliferation in capsular tissue around the allogeneic 

reconstructions. Abnormal levels of proteins involved in the 
fibro-proliferative processes have been described in irradiated 
capsules compared with non-irradiated capsules [38]. 
Clinically, examining patients with bilateral TE/PI recon-
struction and unilateral RT, a clear difference in CC between 
irradiated and non-irradiated breasts was observed in 60% of 
the cases [39]. The rate of complications and unfavorable aes-
thetic results ranges from 3% to 40% in the absence of RT 
[40] and might raise to 17–80% by adding RT [41]. Tallet 
et al. reported a three times higher complication rate (14% 
versus 51%) and prosthesis loss rate (9% versus 24%) when 

Fig. 15.1 Photograph of a patient with radiation-induced deformity of 
the tissue expander after immediate breast reconstruction

Fig. 15.2 Photograph taken after completion of radiotherapy showing 
capsular contracture of the permanent implant of the right breast
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RT was applied [27], whereas a sixfold higher odds of com-
plications (OR, 6.4; 95% CI, 1.6–25.0) was observed in the 
Michigan Breast Reconstruction Outcomes prospective study 
[42]. In that series, the use of RT was significantly associated 
with BR failure, and complications occurred in 68% of the 
irradiated group compared with 31% in the no RT group 
(P < 0.006). The overall complication rate in the irradiated 
group was 52.5% with 32.5% of CC, as compared with 10% 
in a non-irradiated control group in a study including 40 
patients [15]. Ascherman et al. reported on 27 patients recon-
structed with TE/PI that the irradiated group had a higher 
overall complication rate compared with the control group 
(40.7% versus 16.7%) requiring a more frequent removal of 
the implant (18.5% versus 4.2%) [16]. In the study by 
Drucker-Zertuche et al., the irradiated group, facing a greater 
complication rate (45.9% versus 11.6%), also underwent a 
higher percentage (54%) of major or minor correction surger-
ies as compared to 5% in the non-RT group and experienced 
a greater BR failure rate (16.2% versus 0%) [43]. Despite the 
fact that RT increases the rate of complications, TE/PI remains 
for many investigators an acceptable option for reconstruc-
tion. The group from the Memorial Sloan Kettering Cancer 
Center continues to use immediate BR with TE/PI for women 
who are not ideal candidates for autologous tissue reconstruc-
tion despite finding in their series 68% of CC after RT, which 
was significantly higher than that for non-irradiated patients 
(40%, P < 0.025) [41]. Complications aside, the overall suc-
cess rate for implant BR was 90% among the irradiated 
patients compared with 99% among the non-irradiated 
patients, and 80% of the irradiated women demonstrated 
acceptable aesthetic results versus 88% of non-irradiated 
women. Hazard et al. reached the same conclusions in a small 
retrospective study, with an acceptable rate of CC and good or 
excellent cosmetic outcomes in 85% of cases [7]. Modern RT 
with the alternate use of customized bolus and intensity-mod-
ulated radiotherapy (IMRT) in one-third of cases allows the 
achievement of a very low incidence of complications as 
observed in the series conducted by Anderson, which might 
be promising for future studies [36]. The combined use of an 
autologous flap and an implant did not offer protection from 
experiencing higher complication rates when BR was per-
formed before PMRT (67%) as compared with PMRT being 
administered first (30%) which was of borderline significance 
(P < 0.093) [18]. However, immediate BR with implant in 
conjunction with a flap shows a rate of CC which is threefold 
lower than that with implant alone (6.8% versus 25%) [27]. 
With regard to patients who have previously undergone 
PMRT, BR with TE/PI alone is considered a relative contrain-
dication because of the risk of bone deformity and rib frac-
tures [44]. However, in a selected group of women who did 
not develop severe skin changes nor induration with initial 
PMRT, delayed TE/PI reconstructions have been considered 
as an option, as shown in one study [46].

15.4.2  Autologous Reconstruction

The two most commonly used autologous tissue flaps for BR 
are the latissimus dorsi (LD) and transverse rectus abdominus 
myocutaneous (TRAM) flaps. Recent studies report on the 
use of the deep inferior epigastric perforator flap (DIEP), 
whereas with regard to the superficial inferior epigastric 
artery flap (SIEA) and others based on gluteal and thigh 
regions, the ability to withstand RT is still unknown. The free 
flap version of the TRAM appears to be more resistant to RT 
changes than a pedicled TRAM, because of the different 
blood supply [47]. However, the fewer complications and flap 
losses after irradiation of free TRAMs as compared to pedi-
cled TRAMs observed in several studies are not confirmed by 
others [48]. The most common complications after autolo-
gous BR are fat necrosis, flap and mastectomy skin loss, 
fibrosis, and contracture. Even in the absence of RT, compli-
cation rates range from 5% to 41%. The addition of RT 
increases this incidence, and current literature reports compli-
cation rates in the range of 7% to 87.5% [19, 47–55, 58]. 
Complications occur irrespectively of whether an immediate 
or delayed BR is performed [49], but a trend toward an 
increase in complications (overall aesthetic appearance, sym-
metry, flap contracture, and hyperpigmentation) was evident 
for immediate BR and PMRT [50]. The TRAM flap is one of 
the most commonly studied flaps in the literature for 
BR. When the need for PMRT is unknown at the time of sur-
gery, the TRAM flap is a good option to provide good toler-
ance and aesthetically acceptable results (Fig. 15.3). Apart 

Fig. 15.3 Cosmetic results after postmastectomy radiotherapy to the 
right side and delayed breast reconstruction with TRAM flap
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from fat necrosis, a recent study from Emory University did 
not find any difference either in complication rate or in the 
need for surgery revision among patients with immediate BR 
alone as compared with patients receiving PMRT, although 
cosmesis was worse [48]. On the other hand, studies from the 
MD Anderson Cancer Center indicate that RT after autolo-
gous BR clearly increased morbidity and worsened the cos-
metic results, supporting the delay of BR until after RT [24]. 
In their experience, no flap loss was reported, but fat necrosis 
was observed in 34%, atrophy and loss of symmetry in 78%, 
and hyperpigmentation in 37% of cases. These changes 
required multiple revisions and additional flaps to correct 
deformities. Williams et  al. compared the outcomes of 
patients who had preoperative RT and then TRAM flap BR 
with those of patients who did not undergo preoperative RT 
[23]. Overall complication rates were comparable between 
the two groups with exception of fat necrosis which was seen 
in 17% of the irradiated group versus 10% of the non-irradi-
ated patients. Jacobsen et al., reporting on a series from the 
Mayo Clinic, confirmed no increase in complication rates in 
patients who received preoperative RT compared to patients 
who received BR alone [52]. In the study conducted by 
Albino et al. among 76 women who underwent autologous 
BR, complications occurred in 70% of cases after RT, and 
47% of these required surgery for postoperative RT effects 
[53]. Fat necrosis or fibrosis was noted in 19.7%, skin compli-
cations (retraction or hypertrophic scarring) were recorded in 
30.3%, and general dissatisfaction arose in 27.6% of patients. 
Previous published series of LD BR have shown a capsular 
contracture rate affecting between 0% and 56% of cases [26, 
54, 57, 58]. This great variability can be attributed to the vari-
ation in sample size, follow-up, technique, and population 
involved. The LD muscle is considered a useful flap in the 
previously irradiated chest, and no increase in flap loss has 
been documented, although prior RT negatively affects the 
aesthetic results [56]. Nevertheless, patient satisfaction was 
similar between patients undergoing immediate and delayed 
BR with PMRT [57]. Apffelstaedt et al. showed no significant 
difference in complication rate between preoperative RT and 
non- irradiated women [58]. More recently, some studies are 
focused on the DIEP flap BR. The general recommendation 
remains that of delaying BR until after the completion of 
PMRT.  A case-control study from the Memorial Medical 
Center in New Orleans, comparing a small series of patients 
receiving PMRT after BR with patients having DIEP flap BR 
alone, found substantially higher rates of fat necrosis (23% 
versus 0%), fibrosis or shrinkage (57% versus 0%), and con-
tracture (17% versus 0%) in the irradiated cases, but no differ-
ence in the rate of flap revisions or dehiscence [62]. However, 
a recent study from Dundee found that postoperative RT did 
not significantly affect breast volume after immediate DIEP 
flap BR and that there was no difference in other complica-
tions between irradiated and non-irradiated cases [63].

15.5  Impact of Reconstruction on Delivery 
and Quality of PMRT

Conventional RT doses in the literature are around 50 Gy in 
1.8–2 Gy daily (five times a week) fractions using tangential 
beams with a variable proportion of patients receiving boost 
doses to the scar of typically around 10–16 Gy. Altered frac-
tionated schemes, such as hypofractionaction, are less used 
due to concern it may be associated with a higher risk of late 
side effects. However, Whitfield et al. reported that the rates 
of severe CC in patients receiving the common UK fraction-
ation of 40 Gy in 15 fractions over 3 weeks appeared compa-
rable to the conventional 5-week schedule, achieving a crude 
rate of 19.5% [64]. Modern RT modalities using an immobi-
lization device and computed tomography to plan RT deliv-
ery are bound to minimize complications [61, 66]. In older 
series in which the RT technique was not optimal, patients 
experienced higher complication rates [67]. An important 
issue in BR is whether the immediate reconstruction impairs 
the delivery of PMRT. In fact, the reconstructed breast is dif-
ferent in size, shape, and firmness compared with the natural 
one and may cause technical problems with the design of the 
radiation fields. The thickness of the chest wall (CW) in a 
reconstructed breast may be not uniform, causing dosimetric 
inhomogeneities of dose within the treatment field, which 
might translate into higher risk of complications [68]. 
Because of the steep contour caused by the expander or pros-
thesis, the junction between the radiation fields can be less 
precise leading to regions of under- and overdosage 
(Fig. 15.4). In two follow-up studies from the MD Anderson 
Cancer Center, the authors examine the impact of an imme-

Fig. 15.4 Axial computed tomography slice showing the geometrical 
match between the medial electron beam field and the lateral photon 
tangential fields occurring over the steeply sloping contour of the 
reconstructed breast with permanent implant
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diate BR on optimal coverage of the targeted areas including 
CW and internal mammary nodes (IMN) and avoidance of 
the lung and heart. In the first report published in 2005, only 
4 of the 18 plans met the criteria for optimal treatment [69]. 
In 2006, a further report on 110 patients with immediate BR 
who were compared with a group of 108 patients without BR 
was published. The treatment plan was compromised in 52% 
of the patients with immediate BR compared with just 7% in 
the control group, 20% of them having a major compromise 
[11]. The largest compromises were observed in those with 
left-sided cancers. Delaying BR makes it easy to deliver RT 
and to spare the organs at risk, allowing the use of electrons 
[70]. By using the more sophisticated approach of intensity- 
modulated RT (IMRT), patients with immediate BR can 
achieve excellent local control with acceptable heart and 
lung doses, even when IMN are being treated, although 
doses to heart and lung will be higher (Fig.  15.5). IMRT 
allow to adequately cover the target volume in almost three 
quarters of patients [71]. The overall complication rate was 
extremely low in a group of patients, where IMRT was used 
in one-third of the cases, due to the improved dose homoge-
neity [37]. Regarding the compatibility of radiation and TE/
PI reconstructions, prostheses do not interfere with dosimet-
ric distribution as they are essentially tissue equivalent [72, 
73]. Similarly, no dosimetric effects of saline-filling in the 
expanders with consecutively relevant changes in the pre-
scribed dose were seen in dedicated studies [67]. TE should 
be kept at a constant volume during RT to avoid treatment 
setup changes and deviation from the prescribed radiation 
dose. With repeated dosimetric evaluations during the course 

of treatment, the expanders appear to go through minimal 
anatomical changes without any interference with the pre-
scribed dose distribution [74]. The quantification of the radi-
ation dose distribution in the vicinity of the metallic port of 
the TE and the determination of its potential contribution of 
the high complication rate are controversial and debated 
(Fig. 15.6). Two studies measuring the dosimetric changes 
around the metallic port showed an increased dose in the 
immediate vicinity of the metallic port due to the scattering 
of secondary electrons. As this increased dose does not reach 
the surface of the expander, it can hardly contribute to 
increase complication rate [75, 76]. On the other hand, the 
metallic port can attenuate the radiation beam and decrease 
the dose to the tissue, which lies in its direct shadow. 
However, in clinical situations, both the small size of the 
metallic port and the use of tangential opposed beams make 
underdosage quite small and acceptable [77]. Risk factors 
for increased complications related to radiation treatment 
have been identified throughout the studies. The use of a 
bolus is associated with more severe intensity of acute side 
effects and impaired cosmesis [78]. The choice of a custom-
ized bolus rather than a standard one may lead to a signifi-
cantly better outcome. The subpectoral placement of the 
implant may be preferable over a subcutaneous placement 
because of the lower propensity for capsular contracture due 
to radiotherapy [79]. Textured implants are less likely to 
develop CC than smooth ones, since they allow minimal 
abnormal collagen deposition on their surface [80]. Using 
modern techniques and practice, the impact of BR recon-
struction on timing of PMRT, target coverage, and dose at 
organs at risk has been recently investigated in a specialized 
breast multidisciplinary center [81]. The results were that 
reconstruction did not significantly increase the mean time to 
PMRT initiation (51 days reconstructed versus 45 days non- 
reconstructed) or the number of patients who initiated PMRT 

Fig. 15.5 Intensity-modulated radiotherapy plan on axial computed 
tomography image using inverse-planned multisegmental technique to 
treat left chest wall and bilateral internal mammary nodes

Fig. 15.6 Axial computed tomography slice showing the interference 
of high-Z metallic port with photon tangent beams of radiation fields in 
the tissue expander reconstruction
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12 weeks, as usually recommended, of the last therapeutic 
intervention (96.0% versus 92.4%). There was no significant 
difference in the percentage of internal mammary node tar-
get coverage and on the mean ipsilateral lung V20 or the 
mean heart dose.

15.6  Reconstruction in Previously 
Irradiated Fields

BR in case of salvage mastectomy for local recurrence after 
breast conservative surgery and RT (QUART) faces the dif-
ficulty of being performed on previously irradiated and 
manipulated tissue. Prior RT to the chest may have a negative 
impact on the recipient vessels and predispose to vascular 
complications. In a study reviewing the outcome of flaps 
placed into an irradiated field, there is a significantly higher 
rate of intraoperative vascular complications (7.6% vs. 
14.2%, P  <  0.003) in the irradiated group (9.5% versus 
17.3%, P < 0.001) and a trend toward higher anastomotic 
revision rates [82]. More recent studies show that the combi-
nation of flaps alongside breast prosthesis offers greater 
advantages in previously irradiated patients. In fact, several 
studies demonstrated that when an autologous flap is used 
with an implant for reconstruction of previously irradiated 
breast, the flap may protect the implant from the negative 
effects of RT. An interesting study by Michy et al. reported a 
series of patients treated with neoadjuvant RT in which 
immediate BR accomplished by LD with prosthesis showed 
a lower complication rate and fewer additional surgical revi-
sions than either TRAM alone or a simple prosthetic implant 
[83]. Similar results are recorded in small series of patients 
undergoing salvage mastectomy plus LD-based immediate 
BR, where the incidence of CC was acceptable, being as 
high as 12–17% [84]. The use of TE alone is generally con-
sidered a contraindication in the case where previous RT has 
been administered. Few reports of abnormal concave and 
painful deformity of the CW were reported using a TE after 
QUART [85]. Conversely, the feasibility of implant recon-
struction after QUART was described by Persichetti [86]. No 
significant difference in the total number of capsular contrac-
tures was observed between previously irradiated patients 
undergoing immediate BR with two-stage TE/PI and the 
non-irradiated group, but major complications occurred 
more frequently if RT had been delivered.

15.7  Aesthetic and Satisfaction 
Consideration

The cosmetic outcome of all BR deteriorated over time even 
though RT is not performed [87]. In fact, the irradiated 
reconstructed breasts show the worst aesthetic outcome that 

can be evident even after long periods of time. A worsened 
aesthetic result is observed with increasing tumor stage, 
bolus application, and earlier delivery of RT after the recon-
structive procedure [88], even if the sequencing of PMRT did 
not affect the level of satisfaction, with sometimes a trend 
toward improved cosmetic outcomes when BR is delayed. 
Recent evidence demonstrated that autologous tissue flaps 
provide greater levels of aesthetic satisfaction relative to TE/
PI reconstruction. Excellent/good cosmetic outcome is gen-
erally reported in more than 80% of patients undergoing 
PMRT and autologous BR, although aesthetic appearance 
and satisfaction are generally lower compared to non- 
irradiated cases [54]. A very recent review tried to evaluate 
the current available data regarding aesthetic outcomes, 
patient satisfaction, and BREAST-Q scores to better under-
stand both the impact of PMRT and its timing relative to 
reconstruction on patient-centered outcomes to facilitate the 
informed consent and shared decision-making process  
[23, 53].
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Postmastectomy Radiation

Tracy-Ann Moo, Alice Ho, and Mahmoud El-Tamer

Postmastectomy radiation is a well-established component 
of breast cancer treatment in patients with advanced disease. 
Its role in patients with early disease continues to be the 
subject of much scientific inquiry and debate. Current con-
sensus guidelines recommend administration of postmas-
tectomy radiation in women with four or more positive 
axillary nodes or tumors greater than 5 cm [1–3]. It is not 
routinely recommended for patients with tumors ≤ 5 cm and 
node-negative disease. However, in the group of women 
with one to three positive lymph nodes and T1–2 breast can-
cers, the recently published Postmastectomy Radiation: An 
American Society of Clinical Oncology (ASCO), American 
Society for Radiation Oncology (ASTRO), and Society of 
Surgical Oncology (SSO) Focused Guideline Update has 
endorsed that while postmastectomy radiation reduces 
locoregional failure in this group, there are certain subsets 
who are likely to have a low risk of locoregional failure, 
and, therefore, the absolute benefit of postmastectomy radi-
ation may be outweighed by the risks in this group [4]. In 
these cases, decisions regarding the administration of post-
mastectomy radiation require a multidisciplinary approach 
and are largely based on an individualized assessment of 
risk versus benefit. Factors to consider that impact risk 
recurrence are age 40–45 years, limited life expectancy due 
to older age or comorbidities, co-existing conditions that 
might increase the risk of complications, pathologic find-
ings associated with a lower tumor burden (T1 tumor size, 
absence of lymphovascular invasion, presence of only a 
single positive node and/or small size of nodal metastases, 
or substantial response to neoadjuvant systemic therapy), 
and biologic characteristics of the cancer associated with 

better outcomes and survival, and/or greater effectiveness of 
systemic therapy. Beyond its use in advanced disease, post-
mastectomy radiation is also considered in cases where 
there is concern for local control as in positive margins after 
mastectomy.

16.1  The Basis for Postmastectomy 
Radiation

The utilization of postmastectomy radiation has evolved 
considerably over the past decades, in large part due to 
advances in technology as well as technique. Early trials 
of postmastectomy radiation included patients treated 
with antiquated techniques which lead to increased radia-
tion doses to normal structures, including the heart and 
lung. Radiation exposure to these vital structures resulted 
in a greater than expected number of cardiovascular-
related deaths [5, 6]. Cuzick et al. performed a meta-anal-
ysis involving 7941 women participating in trials of 
mastectomy with and without postmastectomy radiation 
initiated prior to 1975 [6, 7]. A greater than expected 
number of cardiovascular- related deaths were observed in 
the irradiated group. Although there was an overall 
improvement in breast cancer mortality in those patients 
who received postmastectomy radiation at 10 years, this 
effect was diminished by the excess number of cardiovas-
cular-related deaths. The question of safety and efficacy 
of postmastectomy radiation led to a short-lived decline in 
its use in breast cancer treatment prior to the 1990s. 
However, with the advent of 3D conformal techniques, 
breath-hold techniques that limit the dose delivered to the 
heart, as well as the application of sophisticated technolo-
gies such as intensity-modulated radiation therapy and 
proton beam therapy to the treatment of breast cancer over 
the past decade, there has been a resurgence in the use of 
postmastectomy radiation, particularly in patients with 
1–3 positive nodes.

16

T.-A. Moo () · A. Ho · M. El-Tamer
Breast Service, Department of Surgery, Memorial Sloan Kettering 
Cancer Center, New York, NY, USA
e-mail: moot@mskcc.org; eltamerm@mskcc.org 



216

16.2  Evidence Supporting 
Postmastectomy Radiation

The advent of systemic therapy and emerging data showing 
a benefit in terms of systemic and local recurrence resulted in 
a rethinking of the potential role of postmastectomy radia-
tion in the treatment of breast cancer. This led to the initia-
tion of trials geared toward evaluating the potential benefits 
of postmastectomy radiation in the presence of systemic 
therapy. Two landmark randomized controlled trials were 
published in the late 1990s: the Danish trial and the British 
Columbia trial [8, 9]. In Danish Breast Cancer Cooperative 
Group Protocol 82b, premenopausal women with breast can-
cer were randomized to modified radical mastectomy and 
cyclophosphamide-methotrexate-fluorouracil (CMF) with or 
without postmastectomy radiation. A total of 1708 patients 
were enrolled from 1982 to 1989. The British Columbia trial 
enrolled premenopausal women with breast cancer undergo-
ing modified radical mastectomy and receiving adjuvant 
CMF, and randomized them to postmastectomy radiation 
versus no radiation. A total of 318 node-positive women 
were enrolled. Both trials demonstrated an improvement 
in  locoregional control as well as overall survival in the 
group of women treated with both chemotherapy and post-
mastectomy radiation. A 20-year follow-up of the British 
Columbia trial demonstrated a statistically significant reduc-
tion in the rate of locoregional and systemic breast cancer 
recurrence in the postmastectomy radiation group compared 
to chemotherapy alone [10]. Locoregional recurrence-free 
survival rates between the irradiated and non-irradiated 
group were 90% and 74%, respectively (risk ratio [RR] 0.36, 
95% confidence interval [CI] 0.18–0.71, p = 0.002). Breast 
cancer-specific survival was 38% in the chemotherapy-alone 
group versus 53% in the postmastectomy radiation group 
(RR 0.67, 95% CI 0.49–0.90, p = 0.008). There was also an 
improvement in overall survival in the postmastectomy radi-
ation group compared to chemotherapy-alone group, 47% 
versus 37% (RR 0.73, 95% CI 0.55–0.98, p = 0.03). All in 
all, survival outcomes were substantially improved. There 
were also low rates of cardiovascular-related deaths in both 
groups, 1.8% in the postmastectomy radiation group versus 
0.8% in the chemotherapy-alone group (p = 0.62). Similarly, 
the Danish trial demonstrated a decrease in locoregional fail-
ure with chemotherapy and postmastectomy radiation versus 
chemotherapy alone, 9% versus 32% (p <  0.001), respec-
tively. There was also an increase in disease-free survival as 
well as overall survival in the postmastectomy radiation 
group compared to chemotherapy alone—48% versus 35% 
(p = 0.001) and 54% versus 45% (p < 0.001) [8]. The Danish 
group also established these findings in postmenopausal 
women treated with tamoxifen alone versus tamoxifen and 
postmastectomy radiation. They found a decrease in locore-
gional failure—35% versus 8% (p < 0.001)—and an increase 
in disease-free survival at 10  years—24% versus 36% 

(p  <  0.001) [11]. The Danish trial also aimed to identify 
groups with particular risk factors, which improved with the 
addition of postmastectomy radiation. High-risk groups 
identified were women with tumors greater than 5 cm (34% 
to 10%) and pectoral fascia invasion (45% to 6%) or skin 
invasion (34% to 8%). Altogether, these studies established 
postmastectomy radiation as an essential component of 
locoregional control in breast cancer. However, there 
remained questions as to specific subgroups within these tri-
als that might have limited benefit from postmastectomy 
radiation, such as those with 1–3 positive nodes.

16.3  Effect of Nodal Status 
on Locoregional Recurrence

Several studies have investigated the influence of nodal status 
on locoregional recurrence. Among older “historical” trials of 
patients treated with mastectomy and no radiation, a study by 
Recht et al. including 2016 patients enrolled in randomized 
trials at 10 years found a 12.9% risk of locoregional recur-
rence in the group of patients with 1–3 positive nodes com-
pared to 28.7% for patients with 4 more positive lymph nodes 
[12]. Katz et al. examined rates of locoregional recurrence in 
1031 patients who had undergone mastectomy and adjuvant 
anthracycline-based chemotherapy [13]. Investigators found 
that 10-year rates of locoregional recurrence increased as the 
number of positive lymph nodes increased. Locoregional 
recurrence rates were 4%, 10%, 21%, and 22% for patients 
with 0, 1–3, 4–9, and ≥10 positive lymph nodes, respectively. 
Furthermore a tumor size greater than 4  cm or extranodal 
extension ≥ 2  mm predicted an increase in  locoregional 
recurrence rate in excess of 20% (p < 0.01). These studies 
supported hypotheses that a greater locoregional recurrence 
risk was associated with increasing nodal involvement.

Current guidelines recommend postmastectomy radiation 
for locoregional control in patients with advanced primary 
tumors (T3/T4) or four or more positive axillary lymph 
nodes. In women with earlier-stage tumors (T1/T2) and 1–3 
positive lymph nodes, the guidelines are less clear. The 
National Comprehensive Cancer Network (NCCN) guide-
lines recommend strongly considering postmastectomy radi-
ation in this group [14].

16.4  Postmastectomy Radiation in Patients 
with T1-2 Tumors and 1-3 Positive 
Lymph Nodes

The most recent meta-analysis by the Early Breast Cancer 
Trialists’ Collaborative Group provides convincing evidence 
that postmastectomy radiation reduces both recurrence and 
breast cancer mortality in women with 1–3 positive lymph 
nodes. This meta-analysis included individual data for 8135 
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women assigned to modified radical mastectomy with and 
without postmastectomy radiation [15]. In an effort to address 
previous concerns regarding the adequacy of axillary lymph 
node dissection in these trials, they further stratified the 
groups into patients having greater than or equal to 10 lymph 
nodes removed as having an axillary dissection, and those 
with less-extensive axillary surgery as having axillary sam-
pling. There were 1314 women with axillary dissection and 
1–3 positive lymph nodes. Of these, 1133 women were 
enrolled in trials in which systemic therapy was given. In this 
group, the administration of radiotherapy reduced locore-
gional recurrence. At 10 years, locoregional recurrence in the 
postmastectomy radiation group was 4.3% compared to 21% 
in the no-radiation group (p < 0.0001). Overall recurrence 
was significantly reduced (RR 0.68, 95% CI 0.57–0.82, 
p = 0.00006), as was breast cancer mortality at 20 years (RR 
0.80, 95% CI 0.67–0.95, p = 0.01). These data provide strong 
evidence for the use of postmastectomy radiation in patients 
with 1–3 positive lymph nodes. However, with modern adju-
vant hormonal, anthracycline-containing, and HER2 directed 
therapies, locoregional recurrence rates have decreased, mak-
ing the risk reduction that would be observed in patients 
treated today likely much less than that seen in these trials. 
Recurrence rates reported in the group of patients with 1–3 
positive lymph nodes in more modern retrospective series are 
below 5%. We looked at 1331 women with breast cancer 
treated at Memorial Sloan Kettering Cancer Center between 
1995 and 2006. All patients had T1–2 tumors and 1–3 posi-
tive axillary lymph nodes. At 5 years, the locoregional recur-
rence rate was 3.2% in the postmastectomy radiation group 
versus 4.3% in the no-radiation group (p = 0.57). Risk factors 
for recurrence were age < 50 years and lymphovascular inva-
sion [16]. This group, however, represents a selected group of 
patients in which those who were at higher risk were given 
postmastectomy radiation. That being said, these data illus-
trate that with adequate selection criteria, a low local recur-
rence rate can be achieved in patients with T1–2 tumors and 
1–3 positive axillary lymph nodes, and that postmastectomy 
radiation may not be indicated for all patients in this group. A 
similar study by Buchholz et al. looked at locoregional recur-
rence rates in 1027 patients with T1–2 breast cancer and 1–3 
positive lymph nodes treated in two different eras. The early 
era spanned from 1978 to 1997, the later era from 2000 to 
2007. In the earlier cohort, postmastectomy radiation signifi-
cantly reduced the rate of local recurrence at 5 years. Those 
patients receiving postmastectomy radiation had a recurrence 
rate of 3.4% compared to 9.5% in those without postmastec-
tomy radiation (p = 0.02). This benefit in locoregional recur-
rence was not seen in patients treated in the later cohort. 
Five-year locoregional recurrence rates in the cohort treated 
between 2000 and 2007 were 2.8% without postmastectomy 
radiation and 4.2% with postmastectomy radiation (p = 0.48). 
Overall, the most significant factor predicting locoregional 
recurrence was the era in which the patient was treated [17].

16.5  Identification of a High-Risk 
Subgroup Among Patients with T1–2 
Tumors and 1–3 Positive Lymph 
Nodes

Several studies have sought to identify a subgroup of patients 
among those with 1–3 positive lymph nodes who may benefit 
from postmastectomy radiation. Truong et al. looked at 821 
women with T1–2 tumors and 1–3 positive lymph nodes who 
did not receive postmastectomy radiation and found that age 
less than 45  years, more than 25% positive lymph nodes, 
medial tumor location, and estrogen receptor negative status 
predicted for a higher risk of locoregional recurrence [18]. 
Wallgren et al. reviewed over 5000 patients enrolled in the 
International Breast Cancer Study Group trials and found 
that among patients with 1–3 positive lymph nodes, those 
with lymphovascular invasion, grade 3 tumors, and pre-
menopausal status were at an increased risk for locoregional 
recurrence. These studies propose high-risk criteria that may 
be used to select women from the group of patients with 1-3 
positive lymph nodes for postmastectomy radiation. Young 
age and the presence of lymphovascular invasion appear to 
be consistently reported as negative prognostic indicators 
across several studies [19–21]. Strong consideration of post-
mastectomy radiation in these subgroups may be warranted. 
The recommendation for postmastectomy radiation in high-
risk women with 1-3 positive lymph nodes, as defined by the 
presence of young age and lymphovascular invasion, has 
been supported by the 2016 Postmastectomy Radiation 
ASCO/ASTRO/SSO Focused Guideline Update [22].

The management of the axilla and how this impacts post-
mastectomy radiation decision making in patients with 1-3 
positive lymph nodes is also an issue of active debate. 
Several trials have addressed the management of the axilla in 
node-positive early-stage breast cancer; however, none of 
them have been able to be extrapolated to the 1–3 node-pos-
itive mastectomy population to answer the question of 
whether postmastectomy radiation is necessary after sentinel 
node biopsy alone. The American College of Surgeons 
Oncology Group Z0011 study demonstrated similarly favor-
able disease outcomes among patients having breast conser-
vation with 1–2 positive sentinel nodes as those who received 
axillary dissection. These results are not applicable to mas-
tectomy patients, leading to the question of whether or not 
postmastectomy radiation is indicated in women with T1–2 
tumors and a positive sentinel node biopsy who do not 
undergo completion axillary lymph node dissection [23]. 
The International Breast Cancer Study Group 23–01 trial 
examined the use of completion axillary dissection vs. 
observation in women with T1–2 breast cancer and sentinel 
lymph node micrometastases, and demonstrated no differ-
ence in outcome [24]. A minority (9%) of the study popula-
tion included patients treated with mastectomy. Whole-breast 
radiation was administered to those treated with breast-con-
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serving surgery, but not to those treated with mastectomy. 
Finally,  the European Organization for Research and 
Treatment of Cancer AMAROS trial compared axillary dis-
section versus axillary radiation in women with T1–2 breast 
cancer and 1–2 positive nodes. Investigators found compa-
rable recurrence rates with a significantly lower incidence of 
lymphedema in the group undergoing axillary radiation. 
However, only 18% of the study population included women 
treated with mastectomy [25]. In view of the differences in 
patient populations between trials and the low representation 
of women treated with mastectomy, the question of whether 
or not postmastectomy radiation is indicated in all patients 
with few positive nodes who receive SLNB alone for axil-
lary management remains unresolved. The ASCO/ASTRO/
SSO Focused Guideline Update specifically highlighted this 
question as a current clinical dilemma and concluded that 
“clinicians may offer ALND for women with early-stage 
breast cancer with nodal metastases found on SLNB who 
will undergo mastectomy,” although the  quality of the evi-
dence supporting this recommendation was “low” [4].

It is clear that a randomized controlled trial incorporating 
contemporary therapy is required to clarify the indications 
for postmastectomy radiation in early breast cancer. The 
SUPREMO (Selective Use of Postoperative Radiotherapy 
After Mastectomy) trial is a phase III randomized trial 
evaluating the role of postmastectomy chest wall radiation in 
intermediate-risk breast cancer that closed to recruitment in 
2013. The study aimed to recruit 1600 women with stage II 
breast cancer following mastectomy and receipt of appropri-
ate adjuvant systemic therapy to postmastectomy radiation 
versus no radiation. Results will likely shed more light on the 
benefit of postmastectomy radiation in the coming years. 
Investigators in Canada are also conducting a randomized 
trial of nodal radiation therapy/postmastectomy radiation in 
women with 1–3 positive nodes who have been treated with 
breast-conserving surgery or mastectomy (Tailor RT).

16.6  Postmastectomy Radiation 
for Positive Margins

Positive margins after mastectomy for breast cancer are often 
viewed as a risk factor for locoregional recurrence. However, 
there are limited supporting data for this view, as positive 
margins after mastectomy are relatively uncommon. Truong 
et  al. examined outcomes among 94 patients with T1–2 
tumors and negative lymph nodes who had positive margins 
after mastectomy. Forty-one patients received postmastec-
tomy radiation, and 53 did not. At a median follow-up of 
7.7 years, there was a non-significant trend toward an increase 
in locoregional recurrence among those patients who had not 
received postmastectomy radiation, 11.3% vs. 4.9% 
(p  >  0.1). Locoregional failure rates approached 20% in 

women with positive margins and at least one of the follow-
ing risk factors: age ≤ 50 years, T2 tumor size, grade 3 his-
tology, or lymphovascular invasion [26]. Similarly Freedman 
et al. examined local recurrence in 34 patients with close or 
positive margins after mastectomy for a tumor smaller than 
5 cm. All patients had 0–3 positive axillary lymph nodes and 
no postoperative radiation. The 8-year local recurrence rate 
was 18% and increased to 28% in those patients who were 
age ≤ 50 years [27]. Given the rarity of this finding and the 
scarcity of data on outcomes, the decision for postmastec-
tomy radiation in patients with positive margins should be 
made in the multidisciplinary setting, with consideration 
given to the presence of the additional risk factors.

16.7  Postmastectomy Radiation After 
Neoadjuvant Chemotherapy

As the delivery of neoadjuvant chemotherapy (NAC) in 
patients with operable disease has increased, the administra-
tion of postmastectomy radiation poses a significant chal-
lenge. Particular areas of controversy include cases where 
NAC results in downstaging of axillary disease (ypN0) or a 
pathologic complete response (pCR) in the breast and axilla. 
It is unclear whether or not postmastectomy radiation may be 
withheld without increasing the risk of locoregional recur-
rence, and there are no prospective trials to date that might be 
used to guide decision-making. Studies looking at retrospec-
tive data have demonstrated that women at the highest risk of 
locoregional recurrence after NAC followed by mastectomy 
are those who have residual lymph node involvement at sur-
gery and those who present with advanced clinical disease 
(stage III) [28, 29]. There may be a role for omission of post-
mastectomy radiation in patients achieving a pCR or com-
plete nodal response (ypN0). Mamounas et  al. looked at 
predictors of locoregional recurrence after NAC in a com-
bined analysis of the National Surgical Adjuvant Breast and 
Bowel (NSABP) B-18 and B-27 neoadjuvant trials consist-
ing of 3088 patients. In these trials, mastectomy patients 
(n = 1071) were not permitted to receive postmastectomy 
radiation, and so these data provided an opportunity to study 
predictors of locoregional recurrence. Chemotherapy regi-
men consisted of doxorubicin/cyclophosphamide alone or in 
combination with docetaxel. Independent predictors of 
locoregional recurrence among the mastectomy group were 
increasing clinical tumor size (p = 0.009) and positive clini-
cal nodal status prior to NAC (p = 0.001) that converted to 
negative pathological nodal status with breast pCR 
(p = 0.001) [30]. These findings suggest that age, clinical/
pathologic tumor features prior to NAC, and tumor response 
in the breast and axilla may be used to select patients who 
would benefit from adjuvant radiation following 
NAC.  Nevertheless, prospective, randomized studies are 
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needed to optimize patient selection for postmastectomy 
radiation after NAC.  NSABP B51/Radiation Therapy 
Oncology Group (RTOG) 1304 is a phase III clinical trial 
designed to evaluate the effect of chest wall and regional 
nodal irradiation on recurrence-free survival after mastec-
tomy or breast conservation in patients who present with N1 
disease and convert to N0 after NAC. Women in the mastec-
tomy group will be randomized to observation vs. chest wall 
and regional nodal irradiation, and those undergoing lumpec-
tomy will be randomized to whole-breast radiation vs. 
whole-breast and regional nodal irradiation. The anticipated 
completion date of this trial is 2028.

16.8  Complications of Postmastectomy 
Radiation

Chest wall radiation poses a risk of toxicity to the skin, 
underlying skeletal structures, heart, and lung. Radiation to 
the nodal fields also adds the risk of injury to the brachial 
plexus and axillary lymphatics, which may result in brachial 
plexopathy and lymphedema. Skin reactions and fatigue are 
the most commonly observed acute toxicities, and are usu-
ally self-limited, resolving within 4–6 weeks of treatment. 
The use of contemporary radiation techniques with 3D con-
formal radiation, intensity-modulated radiation therapy, and 
proton therapy has minimized high doses of radiation expo-
sure to the heart and lungs, and subsequently reduced associ-
ated toxicities such as radiation pneumonitis, and late cardiac 
morbidity such as ischemic heart disease and myocardial 
infarction. Although excess cardiac morbidity was reported 
in earlier trials [7], more recent data demonstrate comparable 
cardiac morbidity among patients treated with and without 
chest wall radiation [31, 32]. The Danish Breast Cancer 
Cooperative Group 82b and 82c postmastectomy radiation 
protocols showed no excess cardiac mortality between radi-
ated and non-irradiated groups with a median follow-up of 
12 years [32].

Postmastectomy radiation can result in a number of com-
plications after both autologous and implant-based recon-
structions. These complications range from poor cosmesis 
to fat necrosis, fibrosis, and capsular contracture. Cordiero 
et  al. examined 2133 implant reconstructions with 319 
undergoing postmastectomy radiation and found that grade 
4 capsular contracture occurred in 6.9% of irradiated 
implants compared to 0.5% of those not irradiated (p < 0.01). 
Furthermore, predicted implant loss rates at 12 years were 
17.5% and 2% in the irradiated versus non-irradiated 
implants, respectively (p < 0.01) [33]. Despite these compli-
cations, 92% of patients in this study had good to excellent 
cosmetic results, and 94% would choose implant recon-
struction again. In the setting of postmastectomy radiation, 
autologous reconstruction has been demonstrated to be an 

oncologically safe option with improved cosmesis [34]. 
Consideration should be given to performing autologous 
reconstruction as a staged procedure with tissue expanders 
being placed at the time of mastectomy and flap reconstruc-
tion after delivery of postmastectomy radiation. Garvey 
et al. examined complications in 625 autologous reconstruc-
tions and found 6.4% irradiated compared to 93.6% non-
irradiated. Investigators found that while overall 
complication rates were similar for both irradiated and non-
irradiated flaps, rates of fat necrosis were significantly 
higher in the irradiated group: 22.5% versus 9.2% 
(p = 0.009) [35].
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Oncologic Principles for Breast 
Reconstruction: Indications and Limits

Patricia A. Cronin, Virgilio S. Sacchini, 
and Jennifer L. Marti

17.1  Introduction

Breast cancer occurs in one of eight women in the United 
States [1]. Although many patients are candidates for 
breast-conservation therapy, the rates of mastectomy and of 
contralateral risk-reducing mastectomy have risen in recent 
years in the United States [2–9]. The vast majority of 
patients undergoing mastectomy are candidates for breast 
reconstruction. Accordingly, the number of breast recon-
struction operations has also increased [5, 10]. Extensive 
literature clearly supports the advantages and oncologic 
safety of reconstruction after mastectomy. Reconstruction 
after mastectomy has been shown to be effective in restor-
ing body image, improving quality of life, and reducing the 
psychological distress of mastectomy [11–15]. At the same 
time, immediate reconstruction has been found to be onco-
logically safe after mastectomy, even in cases of advanced 
breast cancer [16–18]. This has been conclusively demon-
strated in multiple studies, including a meta-analysis by 
Gieni et al. [19], which confirmed no increased risk of local 
recurrence with immediate breast reconstruction (IBR) 
after mastectomy. Historically, fewer than 25% of U.S. 
patients underwent reconstruction after mastectomy [20, 
21]. This rate has been increasing in recent years (37.8–
63%), but there are persistent concerns with respect to 
access, as there can be many geographic variations [10, 22]. 
The overall increased pool of reconstructive patients may 
come from a number of sources. There is expanded insur-
ance coverage as a result of enactment of the U.S. Women’s 
Health and Cancer Rights Act and increased awareness of 

IBR following mastectomy due to state  legislation that 
mandates surgeons inform patients about reconstruction 
[23].

Options for breast reconstruction include reconstruction 
with autologous tissue or with a tissue expander and implant. 
Autologous flap options include latissimus dorsi myocutane-
ous flaps, transverse rectus abdominus myocutaneous 
(TRAM) flaps, deep inferior epigastric perforator flaps, and 
gluteal artery perforator flaps. Implants contain either saline 
or silicone. An immediate one-stage reconstruction with an 
implant may be feasible; however, most patients undergo a 
staged procedure with a tissue expander to allow for interval 
expansion, followed by an exchange to a permanent implant. 
Autologous reconstruction may be difficult or complicated 
in patients who have undergone prior surgery at potential 
donor sites; who have medical comorbidities such as hyper-
tension, diabetes, and chronic obstructive pulmonary dis-
ease; who are smokers; or who are at the extremes of body 
mass index.

17.2  Mastectomy Options

17.2.1  Skin-Sparing Mastectomy

Skin-sparing mastectomy (SSM) is the surgical approach to 
mastectomy that is most commonly utilized in conjunction 
with IBR. SSM followed by IBR has been shown to be supe-
rior to standard mastectomy and breast reconstruction in 
terms of aesthetic outcomes [24]. Acceptance of SSM, 
though initially hesitant due to concerns about local recur-
rence, has rapidly become routine practice. It involves exci-
sion of all breast tissue, including the nipple-areola complex 
(NAC) while preserving the breast skin envelope. Nipple-
sparing mastectomy (NSM), in contrast, includes the preser-
vation of the NAC. Of note in the literature, some authors 
have used the term SSM interchangeably with NSM to refer-
ence to a nipple-sparing technique.
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Concerns with regard to the oncologic safety of SSM 
arose from the possibility of residual breast tissue following 
this technique, leading to an increase in the risk of local 
recurrence. Residual breast tissue was found in 59.5% of 
SSM skin flaps in a study by Torresan et al. [25], which tried 
to address this question. However, three-quarters of 
mastectomy specimens in a population of predominately 
standard mastectomy have an anterior margin that is positive 
for breast tissue [26]. There are no randomized data 
comparing SSM to standard mastectomy with or without 
IBR.  A meta-analysis of seven observational studies [27] 
that compared local recurrence rates in patients who had 
SSM and IBR with standard mastectomy with no 
reconstruction found no significant difference in the local 
recurrence rates between SSM and standard mastectomy (odds 
ratio [OR] 1.22, 95% confidence interval [CI] 0.85–1.74). A 
recent series with 10 years of follow-up demonstrated local and 
locoregional recurrence rates of 2.9% and 8.2%, respectively, 
in an oncologically unselected population of women under-
going SSM and IBR [28].

As SSM involves near maximal preservation of the skin 
of the breast, any tumor involvement of that skin (such as 
ulceration, fungation) in locally advanced breast cancer may 
limit the usage of this technique, but may not necessarily 
preclude it. Discrete areas of skin tethering do not necessarily 
translate to involvement of skin and are not a contraindica-
tion to SSM. Eighty-seven patients who had more-advanced 
tumors with stage IIB (T3 N0) or stage III disease who had 
SSM (n = 73) or NSM (n = 14) with IBR had no difference 
in 5-year local recurrence, disease-free survival, or overall 
survival compared to similar staged disease that had standard 
mastectomy [29]. Inflammatory breast cancer is a contraindi-
cation to SSM.

17.2.2  Nipple-Sparing Mastectomy

After SSM, patients may subsequently undergo nipple 
reconstruction. This requires an additional surgical proce-
dure and tattooing, and, ultimately, many patients may 
never pursue this. Furthermore, results may be disappoint-
ing. Jabor et al. [30] reported a 14% rate of patient dissat-
isfaction after NAC reconstruction owing to loss of nipple 
projection, and the overall appearance and texture of the 
reconstructed NAC. Therefore, preservation of the NAC 
with a nipple- sparing mastectomy (NSM) may be desir-
able in some patients. Preservation of the NAC may 
enhance cosmetic outcome and offer psychological bene-
fit, as the NAC plays an important role in the identification 
of a woman’s body image [31]. NSM has higher reported 
rates of patient cosmetic satisfaction in patients [32, 33], 
and improved psychosocial and sexual well-being as com-
pared to SSM [34].

When selecting a candidate for NSM, one must consider 
the risk of cancer involvement of the NAC, and the size and 
degree of ptosis of the breast [35]. Candidates for NSM 
include patients undergoing risk-reducing mastectomy and 
selected patients with ductal carcinoma in situ (DCIS) or 
invasive breast cancer [36]. In appropriately selected patients, 
only 12% will have tumor involvement at the NAC, 
precluding preservation [37, 38]. The factors associated with 
nipple involvement include tumors larger than 2–4  cm, a 
tumor-nipple distance of less than 2  cm, breast tumors 
overlapping more than one quadrant, grade 3 or 
undifferentiated cancers, stage III disease, human epidermal 
growth factor receptor 2 (HER2)/neu positivity, and an 
extensive intraductal component of greater than 25% [39–
41]. With increasing adoption of the NSM technique, the 
boundaries of the criteria initially suggested for patient 
selection are being pushed, with some centers offering the 
technique to those with more advanced disease [42–45]. A 
study utilizing the National Cancer Institute’s Surveillance, 
Epidemiology, and End Results database demonstrated a 
202% increase in the use of NSM between 2005 and 2009 in 
the United States [46].

Patients with invasive cancer, with small tumors located 
in the periphery of the breast, have the lowest risk of NAC 
involvement. The lowest risk of NAC involvement occurs in 
tumors smaller than 2 cm, located at least 2.5 cm from the 
NAC. Tumors located within 2 cm of the NAC, or larger than 
4 cm, were found in one report to have occult tumor present 
at the nipple in 50% of cases [47]. A pathologic analysis of 
140 mastectomy specimens reported a 16% rate of NAC 
involvement with cancer. In all cases, the primary tumor was 
located within 2.5  cm of the NAC [48]. Many series of 
carefully selected patients have reported low rates of NAC 
involvement, ranging from 6% to 10% [35, 49, 50].

Identification of NAC tumor involvement precludes NAC 
preservation. Intraoperative pathologic assessment with 
frozen section of the retroareolar ducts can be useful to 
identify the presence of NAC tumor involvement at the initial 
surgery [37, 40, 51]. Dissection of the retroareolar ducts 
should be done sharply, as cautery can cause thermal damage 
to the NAC [51]. Coring of the nipple ducts may be facilitated 
by everting the nipple [51].

Multiple series with less than 3 years of follow-up have 
reported recurrence rates of 5% or less after NSM, compa-
rable to rates of recurrence after SSM [32, 38, 52, 53]. 
Voltura et  al. [53] reported a 5% recurrence rate at 
24  months in patients with aggressive triple-negative 
tumors. Sacchini et al. [52] reported recurrences in only 2 
of 123 patients undergoing NSM, with a median follow-up 
of 25 months. Recurrences did not occur at the NAC. Breast 
cancer occurred in two patients who underwent risk-reduc-
ing mastectomies, located in peripheral locations. In a 
review of 112 patients who underwent NSM and had tumors 
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located at least 2 cm from the nipple, 5% of patients had 
recurrence at a mean follow-up of 59  months [40]. 
Recurrences occurred in the chest wall, upper breast, and 
inframammary fold, with only one recurrence in the NAC 
[40].The location of these recurrences highlights the impor-
tance of considering the potential for elevated risk at the 
periphery of the breast after NSM, as access to the periph-
eral breast may be more difficult if a small periareolar inci-
sion is used.

Four thousand six hundred and sixty-three patients who 
had therapeutic NSM from eight studies that had comparative 
arms were included in a meta-analysis that looked at overall 
survival, disease-free survival, and local recurrence [54]. 
Seven of the eight studies had information on overall survival, 
and the weighted average risk difference was 3.4% in favor 
of NSM; this was not statistically significant. Similarly, five 
of the studies with data on disease-free survival and all eight 
studies with data on local recurrence also showed weighted 
average risk differences in favor of NSM—9.6% and 0.4%, 
respectively—which were also not statistically significant. 
The results of a subset analysis of studies with longer than 
5  years of follow-up were similar to the overall group. A 
systematic review was also performed and reported in the 
same publication [54] to include studies that did not have a 
comparative arm. They divided the studies into their reported 
length of follow-up, <3 years, 3–5 years, and >5 years, and 
found weighted averages for local recurrence of 5.4%, 1.4%, 
and 11.4%, respectively.

The oncologic safety of NSM in BRCA mutation carriers 
is controversial, as breast tissue connects with the nipple and 
cannot be completely resected with NAC preservation. One 
pathologic analysis of mastectomy specimens of BRCA 
patients revealed that terminal ductal lobular units were 
present in 24% of the NACs and 8% of nipples [55]. In this 
study, occult NAC tumor involvement was 0% in risk- 
reducing specimens and 10% in therapeutic specimens. 
These rates are similar to those for non-BRCA mutation 
carriers. In a recent study of 177 NSM with IBR performed 
in 89 BRCA mutation carriers, there was no evidence of 
compromise to oncological safety at short-term follow-up 
[56]. Twenty-six patients had NSM for early-stage breast 
cancer and a contralateral prophylactic mastectomy. There 
were no local or regional recurrences in the 26 patients with 
breast cancer at a median follow-up of 28 months. Sixty- 
three patients had prophylactic NSM, eight of whom had an 
incidental diagnosis of DCIS. There were no newly diagnosed 
breast cancers in the 63 patients undergoing prophylactic 
NSM at a median follow-up of 26 months. Five patients (6%) 
required subsequent excision of the nipple-areola complex 
for oncological or other reasons. Studies with longer 
follow-up are needed before we can say with absolute 
certainty that NSM is an oncologically sound procedure in 
BRCA patients.

17.3  Reconstruction Options

17.3.1  Immediate Versus Delayed 
Reconstruction

Most patients undergoing mastectomy are candidates for 
immediate reconstruction. Immediate reconstruction offers 
multiple advantages, including one-stage surgery, better 
cosmetic outcome, and improved psychological state. In the 
only randomized controlled trial to date comparing 
immediate and delayed breast reconstruction, Dean et  al. 
[57] reported increased psychological well-being with 
immediate reconstruction. Immediate reconstruction is 
associated with reduced psychiatric morbidity at 3 months 
[12]. Immediate reconstruction often achieves a better 
aesthetic result than delayed reconstruction, owing to 
preservation of the skin envelope and inframammary fold 
[58]. For patients who undergo delayed reconstruction, use 
of an autologous flap is preferable to use of an implant, as the 
process of tissue expansion required for an implant is difficult 
owing to skin stiffness, resulting in a suboptimal cosmetic 
result [59]. A combination of a tissue expander and an 
implant with a latissimus dorsi flap is another option for 
breast reconstruction.

17.3.2  Prosthetic Versus Autologous 
Reconstruction

Reconstructive options can be divided into two types, pros-
thetic and autologous [60, 61]. Prosthetic reconstruction is a 
simpler operative procedure and associated with a shorter 
postoperative recovery. The downside is that prosthetic 
devices have a shelf life and may need replacement at some 
point in time. Autologous reconstruction is a broad category 
that encompasses any technique where the breast is 
reconstructed from the patient’s own tissue. This includes 
both pedicled techniques and more technically demanding 
free flap techniques. The length of stay is typically longer 
(3–7 days) after an autologous reconstruction than it is after 
a prosthetic reconstruction (1 day) [62, 63]. The advantage of 
autologous reconstruction is that when successful, the result 
is durable. The decision as to which to choose will be based 
on patient factors, surgeon factors, and oncologic factors.

17.4  Adjuvant Therapies

17.4.1  Radiation Treatment

Immediate reconstruction in patients who will undergo antici-
pated postmastectomy radiotherapy (PMRT) is controversial. 
The two main issues that raise concern are compromised 
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delivery of radiotherapy in the face of a reconstructed breast 
and the impact of radiotherapy on the long-term cosmetic 
result of the reconstruction [64].

Historically, delayed reconstruction has been recom-
mended when PMRT is planned. Some still advocate this 
approach, owing to concerns of compromised delivery of 
radiotherapy in the presence of a reconstructed breast, 
whether a tissue flap or an implant [65–68]. Concerns include 
compromised delivery to the internal mammary lymph 
nodes, non-uniform radiotherapy delivery, underdosing of 
the chest wall, and increased radiotherapy dose to normal 
tissues with a breast reconstruction in place [64]. The evi-
dence is conflicting. On the one hand, Motwani et al. [67] 
reported compromised delivery of radiotherapy in 52% of 
patients who had undergone immediate reconstruction, com-
pared with 7% of controls. However, Koutcher et  al. [69] 
found no compromised delivery of radiotherapy to the chest 
wall in most patients, with an excellent 30-month actuarial 
locoregional control rate of 97%. Owing to concerns of com-
promised radiotherapy delivery attributable to the recon-
structed breast, a “delayed-immediate” reconstruction 
algorithm is advocated at The University of Texas MD 
Anderson Cancer Center for patients who will receive PMRT 
[70]. With this approach, a tissue expander is placed at the 
time of mastectomy and is deflated during adjuvant radio-
therapy. Tissue expansion is performed after the completion 
of radiotherapy, and reconstruction with an autologous flap 
is performed 4–6 months thereafter [71]. In this series, the 
approach resulted in low complication rates, with tissue 
expander loss in 14% of patients. The recurrence rate at 
32 months of follow-up was low, at 3% [72]. The complica-
tion rate with a “delayed-immediate” approach with subse-
quent flap reconstruction may be lower than that for a 
standard delayed flap reconstruction (26% vs. 38%, p = 0.40) 
[71]. Despite the concerns about radiation delivery that 
prompted development of the “delayed-immediate 
approach,” many authors have reported acceptable recur-
rence rates and cosmetic outcomes with immediate recon-
struction followed by PMRT [69]. In one retrospective 
review of 191 patients requiring PMRT who underwent 
TRAM flap reconstruction in either an immediate or a 
delayed fashion, the risk of locoregional recurrence was not 
significantly increased in the group undergoing immediate 
reconstruction (3.7% vs. 1.8%, p = 0.65) at 40 months of 
follow-up [73]. In a similar, more recent study by the same 
authors, 492 patients with stage II or III breast cancer who 
underwent modified radical mastectomy and chemotherapy 
followed by PMRT, and who underwent immediate or 
delayed TRAM reconstruction, showed no difference in local 
recurrence, disease-free survival, or overall survival, with a 
mean follow-up of 7.2 years [74]. Similarly, Wright et  al. 
[75] retrospectively reviewed 104 patients who underwent 
exchange for a permanent implant prior to PMRT. Local con-

trol rates were excellent—0% at 5  years—and immediate 
reconstruction was not associated with an elevated risk of 
distant metastases or death. In contrast to these data, others 
have reported higher rates of locoregional recurrence among 
patients undergoing immediate reconstruction. Nahabedian 
et al. [76] retrospectively analyzed 146 patients who under-
went immediate or delayed reconstruction after 
PMRT. Locoregional recurrence rates were higher in patients 
who underwent immediate versus delayed reconstruction 
(27% vs. 15%, p = 0.04). These data should be interpreted 
with caution because of the higher-than-expected rates of 
recurrence [76, 77]. As a result of these conflicting data, the 
safety of immediate reconstruction prior to PMRT remains 
controversial.

In addition to conflicting data about oncologic safety, there 
is also debate about the impact of reconstruction prior to 
PMRT on cosmetic outcomes. The main complications 
caused by radiation on the reconstructed breast include fat 
necrosis, impaired wound healing, contracture, fibrosis, vol-
ume loss, and architectural distortion [78]. There are data to 
support superior cosmetic results with delayed reconstruction 
compared with immediate reconstruction. Javaid et al. [78], 
in a systematic review of ten published reports of patients 
undergoing immediate and delayed reconstruction and 
PMRT, found a higher incidence of breast fibrosis and con-
tracture with immediate reconstruction. Other groups have 
also reported lower rates of complications after delayed 
reconstruction. Adesiyun et  al. [79], in a review of 113 
patients who underwent immediate or delayed breast recon-
struction with PMRT, reported a lower rate of complications 
in the delayed reconstruction group (32% vs. 44%, p = 0.18), 
although this difference was not statistically significant. The 
patients’ general satisfaction with their cosmetic outcome 
was similar in the two groups (68%) [79]. Another group 
found no significant difference in complication rates with 
immediate or delayed reconstruction with TRAM flaps in 
patients who received PMRT, but the authors ultimately rec-
ommended delayed reconstruction because of the possible 
low power of the study [80]. Compared with the aforemen-
tioned studies, other groups have reported acceptable cos-
metic results and complication rates with immediate 
reconstruction. A meta-analysis of 11 studies by Barry et al. 
[81] concluded that postoperative outcomes did not differ 
depending on whether reconstruction was performed before 
or after PMRT. Autologous flaps appeared to have superior 
outcomes. Postoperative complications such as fibrosis, con-
tracture, infection, fat necrosis, and reoperation were lower 
with autologous flap reconstruction than with implant recon-
struction [82]. Thus, if immediate reconstruction is pursued, 
many authors advocate reconstruction with an autologous 
flap over a tissue expander/implant to enhance cosmetic 
results [17]. Although many authors have reported superior 
outcomes with flap reconstruction compared with implant 
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reconstruction prior to PMRT, this does not necessarily imply 
that successful outcomes cannot be achieved with implant 
reconstruction. For example, Cordeiro et al. [83, 84] reported 
satisfactory aesthetic results with immediate tissue expander 
placement, followed by exchange for a permanent implant 
prior to radiotherapy. Aesthetic results were categorized as 
“good to excellent” in 90% of patients, with an implant loss 
rate of 9.1% [83].

17.4.2  Systemic Therapy

Adjuvant chemotherapy is frequently required for the sys-
temic management of breast cancer. One concern often 
voiced is that IBR increases the time to adjuvant chemo-
therapy, which may have a negative impact on recurrence 
and survival rates. Xavier Harmeling et al. [85] in a sys-
tematic review of 14 studies of women who underwent 
mastectomy with and without IBR followed by adjuvant 
chemotherapy found what they classified as significant 
delays after IBR averaging 6.6–16.8 days in four studies. It 
is unclear whether a delay of this magnitude is of any clini-
cal significance. The IBR in these studies was a mixture of 
prosthetic and autologous. One could hypothesize that free 
flap reconstruction could lead to the greatest delay in adju-
vant therapy. Kontos et al. [86] examined 27 women who 
underwent free flap reconstruction in comparison to a con-
trol group that did not undergo any reconstruction. The 
mean time to initiation of chemotherapy was 15 days lon-
ger in the flap group than in the control group (55 days vs. 
40 days). The initiation of chemotherapy was delayed past 
6 weeks in 28.8% of the control group vs. 67% of the flap 
group and past 12 weeks in 3.6% of the control group vs. 
7% of the flap group. The most common reasons for delay 
were flap and donor site complications. The optimal time 
of chemotherapy administration for patients with breast 
cancer is not precisely defined. Current guidelines recom-
mend the initiation of adjuvant chemotherapy 4–12 weeks 
postmastectomy [87, 88].

17.5  Special Issues

17.5.1  Inflammatory Breast Cancer

In patients with inflammatory breast carcinoma, delayed 
reconstruction is recommended because of extensive skin 
involvement and a high risk of local recurrence [89]. The 
required resection of skin precludes an SSM. Furthermore, 
timely administration of radiotherapy is imperative, making 
the delay for healing after reconstruction undesirable. 
Therefore, reconstruction should be delayed in patients 
undergoing mastectomy for inflammatory breast cancer. 

This recommendation is reflected in the 2016 National 
Comprehensive Cancer Network guidelines [90].

There is a published series of 59 patients with inflamma-
tory breast cancer who underwent a mixture of immediate 
(n = 7) and delayed reconstruction (n = 52). Complications 
occurred in 21 patients (35.6%), with one total flap loss 
(1.7%). Of note, the authors noted a survival benefit in those 
patients who underwent breast reconstruction compared to 
those with inflammatory breast cancer who did not, and this 
suggests a selection bias in those who underwent reconstruc-
tion, which is not surprising. Forty-nine patients (83.1%) 
were alive without evidence of recurrent disease at a median 
follow-up of 44 months. The immediate reconstructions in 
this cohort were performed for five patients who had an 
inflammatory breast recurrence previously treated with 
lumpectomy and radiation, and in two patients who required 
free flap insertion for chest wall coverage.

There are some small series that have reported success 
with immediate reconstruction. Chin et al. [91] performed a 
retrospective analysis of 23 patients with inflammatory 
breast cancer who underwent immediate (n = 14) or delayed 
reconstruction (n  =  9). They reported similar rates of 
locoregional recurrence (29% vs. 33%, p not significant), 
suggesting no compromised oncologic outcome with 
immediate reconstruction. Importantly, these small studies 
do not offer sufficient statistical power to conclusively 
demonstrate the safety of IBR for patients with inflammatory 
breast cancer, and therefore it is not recommended.

17.5.2  Lipofilling

Lipofilling is a technique where the patient’s own fat is har-
vested using a liposuction technique and then transplanted 
into the breast. The technique has been used for many years 
in aesthetic surgery, and it has been increasingly used for 
postmastectomy and postlumpectomy breast reconstruction. 
It can allow optimization of the aesthetic outcome and to 
help manage complications such as volume deficit, 
asymmetry, surface deformities, and scar retraction [92, 93]. 
Many studies have reported high surgeon and patient 
satisfaction with the aesthetic and functional outcome [94].

Two case-controlled series demonstrated no statistical 
difference between those who had lipofilling and matched 
controls. With mean follow-up post primary breast cancer 
surgery of 88 months and 32 months post lipofilling, Gale 
et  al. found a 5.2% ipsilateral disease-related event rate 
compared to 4.5% in the control arm (p = 0.95) [95]. An 
earlier similar study by Petit et  al. [96] showed similar 
results, but a subset analysis of those with ductal (DCIS) 
(n  =  35) or lobular (LCIS) carcinoma in situ (n  =  2) 
demonstrated increased local recurrence in the lipofilling 
patients and prompted further investigation. In a follow-up 
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retrospective case-control cohort study from the same 
authors [97] of 59 patients with DCIS or LCIS, the median 
follow-up was 63 and 66 months from surgery and 38 and 
42  months from baseline, for the lipofilling and control 
groups, respectively; the 5-year cumulative incidence of 
local events was 18% and 3% (p = 0.02). Therefore, caution 
may be needed in offering this technique to those with DCIS 
or LCIS.

There have also been concerns with the effect that lipofill-
ing may have on radiologic surveillance. In a meta- analysis 
of 1979 patients [94] who had lipofilling and had radiologi-
cal follow-up, 323 (14.5%) had radiological abnormalities, 
of which 263 needed an interval radiologic exam and follow-
up. Of those with radiological abnormalities, 60 proceeded 
to biopsy, representing 2.7% of the total sample reporting 
radiological outcomes. Biopsy results were not reported.

17.5.3  Partial Breast Reconstruction

Oncoplastic surgery represents the most recent option in the 
reconstructive armamentarium of breast and plastic surgeons. 
This option is frequently considered in women with a large 
tumor-to-breast ratio in order to complete their breast cancer 
resection rather than total mastectomy. The primary 
limitation of breast conservation is that 20–30% of women 
will have a contour abnormality, especially following the 
radiation therapy [98–100]. The ability to replace breast 
volume with autologous tissue for effective correction of 
volume loss has allowed breast-conserving surgery to be 
performed with good cosmetic outcomes [101, 102]. 
Mastopexy and reduction techniques can also be used to 
achieve this, sometimes combined with a similar contralateral 
procedure for symmetry [103]. It can be performed 
immediately or as staged procedures. The local rearrangement 
of breast tissue or insertion of a flap can interfere with 
subsequent interpretation of the margins if they need to be 
re-excised. The staged approach can assist in ensuring that 
the surgeon has achieved clear margins and is usually per-
formed 1–2 weeks later and before radiation therapy.

17.6  Conclusions

Most patients are candidates for SSM and IBR after mastec-
tomy. For patients who will require postmastectomy radia-
tion, immediate reconstruction is controversial, but many 
authors have reported acceptable cosmetic results and locore-
gional recurrence rates with immediate reconstruction. 
Nipple-sparing mastectomy with IBR may be an attractive 
option for women for risk reduction or in selected patients 
with early-stage breast cancer.
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Surgical Margins in Breast-Conserving 
Surgery
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18.1  Surgical Margins in Breast- 
Conserving Surgery

Breast-conserving therapy (BCT), consisting of removal of 
the primary tumor and whole-breast irradiation, is a well- 
accepted method for breast cancer management. Six 
prospective randomized trials, some with follow-up of 
20 years or more [1, 2], have established without a doubt that 
there is no survival advantage for mastectomy compared to 
more limited surgery and radiotherapy (RT). Over time, rates 
of local recurrence after BCT have declined steadily and are 
now considerably less than 10% at 10 years of follow-up [3, 
4]. However, the appropriate extent of surgical resection 
needed to maintain local control remains a matter of debate, 
and the lack of consensus regarding what constitutes an 
adequate negative margin results in multiple trips to the 
operating room for margin re-excision in a significant num-
ber of patients, and in unnecessary mastectomies in others 
[5]. The perception that a more widely clear margin enhances 
local control has been a major factor in the development of 
oncoplastic surgery.

The demonstration in the Early Breast Cancer Trialists’ 
Collaborative Group (EBCTCG) overview that differences 
in local control between treatments of 10–20% at 5 years are 
associated with significant differences in breast cancer- 
specific survival at 15 years [6] has focused new attention on 
the importance of local control. For many years, disease 
burden as defined by margin status was felt to be the primary 
determinant of local control. Over time, it has become 
increasingly clear that both the underlying genetics of the 
tumor and the availability of effective systemic therapy are 
also critical components of local control. In this chapter, we 

will discuss techniques of margin evaluation, review the 
available data on the relationship between margin status and 
local control for invasive and intraductal cancer, and discuss 
the impact of molecular subtype of breast cancer and tar-
geted therapy on local control outcomes.

18.2  Methods of Margin Evaluation

The term “margin” is often used without specifying the 
pathologic method used to determine the margin status. 
Unfortunately, there is no standard method of margin evalu-
ation, nor are there a standard number of histologic sections 
which are examined from each margin surface. Margins can 
be evaluated using a radial method or a shaved method, or by 
shaving the walls of the lumpectomy cavity. These tech-
niques are described below. Variations in pathology proto-
cols take on considerable potential significance when 
clinicians assert that differences of 1–2 mm separate an ade-
quate from an inadequate resection. This variability in mar-
gin processing is documented in a study which examined 91 
consecutive excisional breast biopsies submitted from 50 
different hospitals to a single university pathology depart-
ment over a 2-year period [7]. Only 18% of reports described 
the technique (shaved or radial) used to evaluate the margins. 
Only 30% of the specimens were submitted in total; an 
unknown amount of tissue was submitted in 1%; and repre-
sentative sections averaging 13 blocks per specimen were 
submitted in 69%.

18.2.1  Radial Margin Approach

The most common method of margin assessment is the per-
pendicular (or radial) margin technique, which allows for 
precise measurement of the distance separating the tumor 
from the inked margin. With this method, the specimen is 
received with at least two of the margins marked with clips 
or sutures to indicate specimen orientation. The six margins 
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of the specimen are inked in six different colors by the 
prosector. The ink should be applied gently to prevent 
artificial disruption. Excess ink should be carefully removed 
by pressing with gauze to reduce the problem of “running” 
ink. A brief application of acetone on the inked surface helps 
stain enhancement and reduces the problem of running ink. 
The inked specimen is sequentially cut into 0.2–0.3 cm slices 
perpendicular to its long axis so that the perimeter of each 
tissue slice contains few (two to four) margins identified by 
the different ink colors. Margins within 0.5  cm from the 
index lesion are best evaluated in their entirety, and the more 
distant margins can be representatively sampled (Fig. 18.1a). 
With this method, the pathologist can report the exact 
microscopic distance from the tumor to each individual 
margin and distinguish between a truly positive margin 
(tumor at ink) and a close margin. The extent of tumor at the 
margin or in close proximity to it can also be assessed.

The disadvantages of this method include running ink, 
imprecise margin orientation, and surface complexity. 
Running of the ink from the irregular fatty specimen surface 
to the inside of the specimen (Fig. 18.2a) and different color 
inks running into each other (Fig. 18.2b) occur frequently, 
leading to possible overinterpretation and false-positive 
margins. In addition, breast tissue is soft and may be artifi-
cially disrupted when the specimen is compressed to obtain 
a specimen radiograph or during gross examination. 
Flattening of the specimen in the gross room may distort the 

margin orientation. In one study, surgeons and pathologists 
disagreed on margin designation in 31% of cases when two 
marking sutures for orientation were placed in the operating 
room. The presence of the skin or muscle on the specimen 
did not reduce the disorientation rate, but the specimen size 
was highly correlated with this problem. Specimens less 
than 20 cm in size had a disorientation rate of 78% com-
pared to only 20% for larger specimens (p < 0.001) [8]. In 
addition, it has been estimated that complete examination of 
a spherical 2 cm specimen would require in excess of 3000 
sections [9]. Taking into account that the surfaces of breast 
excisions are highly complex and irregular, and that the sur-
face area of some specimens is quite large, margin assess-
ment using the inked radial margin method is highly subject 
to a sampling error.

18.2.2  Shaved Margin Approach

The use of shaved (en face) margins allows the oriented 
specimen to be inked entirely in one color as long as the 
prosector is able to maintain the proper orientation. This 
eliminates the problem of different colored inks running 
together. The margins are shaved off parallel to the outer 
surface of the specimen, similar to the process of peeling an 
orange, at a tissue depth of 0.2–0.3  cm (Fig.  18.1b). The 
shaved margins closest to the index lesion are submitted 

Superior
Margin

a b

Black: 0.8 cm; Yellow: 0.3 cm
Blue: 0.6 cm

Submit sections to document all margins measuring
1.0 cm or less

Radial

En face

Superior
Margin

Fig. 18.1 (a) Radial (perpendicular) margin evaluation; (b) shaved (en 
face) margin evaluation. With the radial margin technique (a), each 
margin surface is inked a different color, and the distance from the 

tumor to the ink is reported for each margin. With the en face method 
(b), the entire surface is shaved, and no inking is needed
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entirely. The sections are embedded en face with the inked 
surface facing down so that the microscopic examination 
starts from the inner aspect of the tissue. With this method, a 
margin is reported as positive when tumor is present 
anywhere in the section. This means that malignant cells 
may be present within a 0.2–0.3 cm radius from the surgical 
margin or at the margin itself, but the exact distance of the 

tumor to margin cannot be assessed. If no tumor is identified, 
the margin is reported as negative. The advantages of this 
method include straightforward microscopic examination, 
no occurrence of ink problems, and the examination of a 
large proportion of the specimen’s surface with relatively 
few sections. Although advantageous to the pathologist, this 
technique is extremely problematic for surgeons since it 

a

b

Fig. 18.2 Problems with 
radial margin assessment and 
inking. (a) “Running” of ink 
(blue arrow) inside a 
specimen challenges the 
interpretation of the distance 
of the ductal carcinoma in situ 
(black arrows) from the true 
inked resection margin (red 
arrow); (b) different color 
inks (orange, blue, and green 
arrows) “running” into each 
other create false 
interpretations of margin 
designation
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substantially increases the number of margins which are 
called positive.

Guidi and colleagues [10] compared the shaved margin 
technique with the conventional radial margin method by 
evaluating 22 surgical specimens using both methods. The 
specimens were inked, and the margins were shaved and 
microscopically examined. The tissue was then extracted 
from the block, cut perpendicular to the inked surface, and 
re-embedded to assess the radial inked margin status. The 
study demonstrated that a negative shaved margin was highly 
predictive of a negative inked margin (98% concordance) but 
that the positive predictive value was much lower, with only 
61% of the positive shaved margins being called positive 
(tumor at ink) by the radial margin technique. In a study at 
Memorial Sloan Kettering Cancer Center, Wright et  al. 
reported that when the Department of Pathology switched 
from radial margin assessment to the shaved method, the 
positive margin rate increased from 16–49% even though 
surgical technique did not change [11].

18.2.3  Cavity Shave Approach

Evaluation of separate cavity shaves obtained by the surgeon 
provides a solution to margin assessment which combines the 
advantages of both the radial and the shaved margins. With 
this approach (Fig. 18.3), the surgeon resects the index lesion 
and then takes separate shaved margins from the surgical cav-
ity. A separate anterior margin may or may not be submitted. 
The main specimen containing the tumor is received unori-
ented and does not necessarily need to be inked. The tumor is 

entirely sampled, including any prior biopsy site, and one or 
two representative sections of any grossly uninvolved breast 
tissue present are also submitted. Each shave specimen repre-
sents a margin (medial, lateral, inferior, superior, and poste-
rior walls of the surgical cavity) and is received oriented with 
a suture or metal clip designating the final margin surface. 
Sometimes one specimen may consist of two adjacent mar-
gins. Each margin is inked on the side designated by the 
suture or clip, perpendicularly sectioned, and submitted 
either entirely or representatively in ten blocks (Fig. 18.3). In 
our institution, after an internal review, only six blocks are 
now being submitted per shave specimen unless any epithe-
lial atypia or carcinoma is microscopically identified; the 
remaining margin is then entirely submitted. This technique 
allows for precise margin designation and accurate measure-
ment of the margin width. These specimens are more easily 
handled by the prosector with limited manipulation of the tis-
sue, and the use of a single color of ink contributes to a reduc-
tion of problematic artifacts of the prior described techniques. 
A significant increase in the number of blocks and slides is 
the main disadvantage of this method. A number of investiga-
tors have reported that this method significantly reduces the 
rate of re-excision for close margins [12–18]. These results 
are summarized in Table 18.1  [13–20]. Chagpar et al. recently 
conducted a prospective randomized trial comparing the cav-
ity shave technique to standard perpendicular margin assess-
ment of the lumpectomy. Two hundred thirty-five patients 
were intraoperatively randomized to cavity shave or no shave. 
A significantly lower rate of positive margins was observed 
in the cavity shave group compared to the no-shave group, 
19% vs. 34%, respectively (p = 0.01), as well as a lower rate 
of second surgery for margin clearance (10% vs. 21%, 
p = 0.02) [19]. While this study clearly demonstrates a benefit 
for the shave technique, the 34% rate of positive margins in 
the control group is rather high, and the 19% positive margin 
rate after shaving is also high. In comparison, Moo et al. [20] 
reported a 15% rate of margin positivity with perpendicular 
margin assessment and an 11% positive margin rate with 
shaved margins in a study of 431 lumpectomies. A non- 
statistically significant trend toward a benefit of the cavity 
shave technique was seen for larger tumors and those with an 

Shaved margins
from cavity site Lumpectomy specimen

“Full Face” section of the tumor

Radial sections

Fig. 18.3 Cavity shaved margin evaluation (one out of five shown). 
With the cavity margin evaluation method, the primary lumpectomy 
specimen is not inked. The outer surface of each of the individual mar-
gins is inked, and the distance to any tumor measured

Table 18.1 Impact of tumor cavity sampling on re-excision rates

% positive margin
Author # cases Cavity margins Routine P-value
Huston TL [13] 171 18 39
Jacobson AF [14] 125 18 66
Tengher-Barna I [18] 107 13 33
Marudanaygam R [16] 786 5.6 12.5 <0.01
Rizzo M [17] 320 15 43 < 0.05
Kobberman A [15] 138 22 42 0.01
Chagpar A [19] 235 19 34 0.01
Moo TA [20] 555 11 33 <0.0001
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extensive intraductal component. These findings suggest that 
the utility of the cavity shave technique may vary based on 
the rate of positive margins seen using the perpendicular 
technique. One issue with the routine use of cavity shave 
margins is the potential removal of larger amounts of breast 
tissue, resulting in a worsening of cosmetic outcome. Huston 
et al. compared rates of margin positivity and volume of tis-
sue excised among patients undergoing lumpectomy with 
shaving of all margins (n = 45), lumpectomy with selective 
shaving of margins thought by the surgeon to be suspicious 
(n = 77), and lumpectomy alone (n = 49). The routine resec-
tion of additional margins resulted in the lowest reoperation 
rate, 17.7%, compared to 32.5% and 38.7% for selective re-
excision and lumpectomy, respectively. The mean total speci-
men volumes were 129 cm3, 46 cm3, and 37 cm3 for the three 
groups [13]. In contrast, Moo et al. [20] recently reviewed the 
institutional experience at Memorial Sloan Kettering Cancer 
Center with different margin evaluation techniques over time 
among a sample of six surgeons. Of 555 patients, 140 had 
radial margin evaluation, 124 had shaved margin evaluation, 
and 291 had cavity shave evaluation. Median volume of tis-
sue excised was similar (55, 64, and 62 ml; p = 0.24), and 
four of six surgeons had lowest rates of positive margins 
when using the cavity shave method. Similarly, Rizzo et al. 
[17] found no difference in the volume removed with or with-
out additional shaved margins if negative margins were 
achieved with the initial excision. However, in patients 
requiring re-excision, a smaller total volume of breast tissue 
was removed if the cavity shave technique was used initially 
(p < 0.005).

18.2.4  Other Issues Related to Margin 
Assessment

In addition to the method of margin assessment, other factors 
related to specimen processing may influence the margin 
width or whether or not tumor is identified at the margin. 
Graham et al. compared the measurement of the mean height 
of the lumpectomy specimen in the operating room by the 
surgeon to the measurement in the pathology lab in 100 
consecutive specimens [21] and found a 46% decrease from 
a mean of 2.6 cm as measured by the surgeon to 1.4 cm as 
measured in pathology. This was independent of patient age, 
lesion type (mass vs. calcifications), or breast density. When 
compression devices were used for specimen radiography, 
the decrease was 54% compared to 41% when these devices 
were not used (p  =  0.0003). These findings indicate that 
measurements of anterior and posterior margin distances on 
the primary tumor specimen are subject to significant 
variation depending upon how the specimen is handled.

There has been great interest in the development of 
adjunctive devices for intraoperative margin assessment, 

such as the MarginProbe™ (Dune Medical Devices, 
Framingham, MA), to guide the extent of resection. This 
device utilizes radio-frequency spectroscopy to detect the 
electromagnetic response of tissue, a property impacted by 
cell membrane potential, nuclear morphology, vascularity, 
and cellular integrity. These factors may differ between nor-
mal and malignant tissues, and allow the MarginProbe to 
provide the surgeon with “positive” or “negative” readings. 
A randomized prospective study of this device in a cohort of 
298 patients with non-palpable malignancies compared to a 
control arm of 298 similar patients revealed a false-negative 
rate of 25% vs. 66% and a false-positive rate of 54% vs. 
17%. Sensitivity of the device was 75%, and specificity was 
46%. Re-excision rates were 19.8% vs. 25.8%, a 23% overall 
reduction in re-excision in the device arm. There was no 
significant difference in overall volume of tissue removed 
[22]. Similarly, a 62% reduction in re-excision with use of 
the MarginProbe was reported by Sebastian et al. [23] in a 
multicenter retrospective review of 165 consecutive cases 
using the device compared to 186 control cases.

Zysk et  al. [24] performed a multicenter, prospective, 
blinded study of another handheld device employing optical 
coherence tomography (OCT) and interferometric synthetic 
aperture microscopy (ISAM) image processing to identify 
positive margins ex vivo in the operating room. Of 46 patients 
with 229 shave margin specimens, 8 patients had positive 
margins, among which 5 were correctly identified by the 
handheld OCT probe and potentially could have avoided 
re-excision. The false-negative rate was 38%, and the false- 
positive rate was 63%. An estimated mean additional tissue 
volume of 10.7 ml would have been removed due to false- 
positive readings. These studies emphasize that device cost, 
optimizing intraoperative efficiency and minimizing time 
under anesthesia, and baseline positive margin rates must all 
be considered in determining the utility of these devices in 
individual practices.

18.3  Margin Width and Local Recurrence: 
Invasive Cancer

Given the lack of standardization in pathology methods, it is 
not surprising that there has historically been little consensus 
regarding what constitutes an adequate negative margin. Azu 
et  al. [25] surveyed a population-based sample of 318 
surgeons identified from patients in the Surveillance, 
Epidemiology, and End Results (SEER) registry. Surgeons 
were asked “What negative margin width precludes the need 
for re-excision in a 60 year old with a 0.8 cm invasive cancer 
which is estrogen receptor (ER), progesterone receptor (PR), 
and HER2 negative?” and offered the options of tumor not 
touching ink, >1–2 mm, >5 mm, or >10 mm. No answer was 
endorsed by more than 50% of respondents. Only 11% 
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selected tumor not touching ink, 42% selected >1–2 mm, and 
19% selected >10  mm. Similar variation exists among 
radiation oncologists. In a survey of 1133 North American 
and European radiation oncologists, 45% of those from 
North America endorsed a margin of tumor not touching ink, 
while those in Europe favored more widely clear margins, 
with greater than 5 mm being the most common answer, 
selected by 29% [26]. The net result of the lack of consensus 
on what constitutes an adequate negative margin is the 
frequent performance of re-excision to obtain more widely 
clear margins. Morrow et al. [5], reporting on a population- 
based sample from the SEER registry of 800 women 
attempting BCT, observed that although the procedure was 
successful in 88%, 22% underwent a re-excision. Other 
studies report a wide variation in re-excision rates ranging 
from 6% [16] to 49% [27], with the majority noting 
re-excision in 15–30% of patients [13, 28, 29].

The prospective randomized trials that established the 
safety and efficacy of BCT [1, 2, 30–33] do not provide 
much guidance on the margin question since only the NSABP 
B06 trial used a microscopic definition of a negative margin, 
which was tumor not touching ink [1]. Although the other 
trials are often perceived as requiring more widely clear 
margins, they relied upon gross margin definitions, making 
the actual margin width impossible to assess. Similarly, 
although a trial by Veronesi et al. which randomized patients 
to quadrantectomy or a more limited tumorectomy 
demonstrated a lower rate of local recurrence in the 
quadrantectomy group (2.2% vs. 7.0%), this study also relied 
on gross margin assessment. The tumorectomy was 
performed with a gross margin of 1 cm, but in a subset of 
patients who had microscopic margin evaluation, 16% of 
those in the tumorectomy group had positive margins [34]. 
The uncertainty over margin status in this trial makes it 
impossible to conclude that a larger quadrantectomy type 
procedure is associated with a lower rate of local recurrence 
than a more limited resection with negative inked margins. 
The authors have been unable to identify any prospective 
randomized trials which directly compare outcomes between 
microscopically verified margins of differing widths.

Recently, Houssami et  al. updated results of a method-
ologically rigorous meta-analysis of the relationship between 
local recurrence and margin distance. The meta- analysis 
included 33 studies with 28,162 patients and 1506 local 
recurrences with a median follow-up of 79.2 months. The 
relationship between positive margin status and local recur-
rences was verified, with an odds ratio (OR) for local recur-
rence of 2.44 for positive or unknown vs. negative margins. 
No relationship between margin width, defined as 1 mm vs. 
2 mm vs. 5 mm, and local recurrence was identified [35]. 
Although a non-statistically significant numeric trend for a 
benefit of more widely clear margins was seen in some mod-
els, this did not persist after adjustment for other factors such 

as the use of a radiation boost or receipt of endocrine therapy. 
This review included information on a large number of fac-
tors relevant to local recurrences, such as the date of study 
enrollment, patient age, use of radiation including a boost, 
and pathologic tumor features such as lymphovascular inva-
sion (LVI), extensive intraductal component (EIC), and 
tumor grade, and provides the most convincing evidence to 
date that margins more widely clear than tumor not touching 
ink do not have a major impact upon local control in the era 
of modern multidisciplinary therapy.

Although this may seem counterintuitive, it becomes 
much more logical if one considers that even mastectomy 
does not entirely eliminate the problem of local recurrence. 
In the initial randomized trials comparing BCT to mastectomy 
in which at least grossly negative margins were required, 
only the Milan study [2], which included T1 cancers treated 
with radical mastectomy, showed a statistically significant 
reduction in  local recurrence for mastectomy compared to 
BCT (Table  18.2) [1, 2, 30, 31]. This, coupled with the 
observation from the EBCTCG overview [6] that even with 
the addition of postmastectomy RT, the incidence of local 
recurrence is higher in node-positive women than it is in 
node-negative women, indicates that local recurrence may be 
due to either excessive tumor burden or aggressive biology. 
The failure to observe a decrease in  local recurrence with 
surgical margins more widely clear than tumor on ink 
suggests that once disease burden is reduced to this level 
(i.e., no clinically detectable cancer), tumor biology is the 
main determinant of local control.

18.4  The Influence of Histology  
on Margin Width

Variations in the growth patterns of different histologic types 
of cancers raise the possibility that the same margin width 
may not be appropriate for all histologic tumor types. 
Infiltrating lobular cancers are frequently multifocal and 
grow as single cells in linear strands separated by normal 
stroma [36], raising the possibility that margins negative 
only by tumor not touching ink might be associated with a 

Table 18.2 Local recurrence in randomized trials of mastectomy ver-
sus breast-conserving surgery

% local recurrence

Trial
Follow-up 
(years)

Breast-conserving 
surgery Mastectomy

Institut Gustave- 
Roussy [30]

15 9 14

Milan 1 [2] 20 9 2*
NSABP B06 [1] 20 14 10
Danish [31] 6 3 4

NSABP National Surgical Adjuvant Breast and Bowel Project
*P < 0.0001
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significant residual tumor burden. However, clinical studies 
do not document a higher rate of local recurrence after BCT 
for lobular cancers when compared to ductal cancers [37–
39], suggesting that if negative margins are obtained, the 
growth pattern is irrelevant. Galimberti et al. [40] analyzed 
382 patients with pure infiltrating lobular carcinoma treated 
with BCT to determine if rates of local control differed 
among those with margins less than 1 cm compared to 1 cm 
or greater. The local failure rate was 4.6% for the less than 
1 cm margin group compared to 3.7% in the 1 cm or greater 
group, leading the authors to conclude that more widely 
negative margins were not necessary for patients with 
infiltrating lobular carcinoma.

The other group of concern is patients with an EIC in 
association with their invasive cancer. Early studies per-
formed prior to the routine inking of margins suggested that 
an EIC was associated with a higher rate of local recurrence 
in patients undergoing BCT [41]. Holland et al. documented 
that approximately 30% of patients with EIC-positive can-
cers had prominent intraductal carcinoma more than 2 cm 
beyond the primary tumor, compared to only 2% of patients 
with EIC-negative tumors [42], indicating that a substantial 
number of patients with an EIC treated by excision to grossly 
negative margins have a heavy residual tumor burden. When 
patients with an EIC are excised to negative inked margins, 
rates of local recurrence are not increased compared to 
patients without an EIC [43, 44]. However, Faverly et  al. 
have demonstrated that low- and intermediate-grade ductal 
carcinoma in situ (DCIS) often grows with gaps between the 
DCIS lesions, although these gaps are usually less than 5 mm 
in size [45], suggesting that margins negative by only tumor 
not touching ink could be associated with a significant resid-
ual tumor burden. The issue of margins and DCIS is dis-
cussed in detail later in this chapter. The presence of an EIC 
in association with invasive cancer indicates it may be pru-
dent to obtain a margin of at least 2 mm if large amounts of 
DCIS are in proximity to the margin. In the case of both infil-
trating lobular carcinoma and an EIC, clinical judgment 
remains important. A single duct of DCIS or microscopic 
focus of lobular carcinoma in close proximity to the margin 
is unlikely to be associated with a heavy residual tumor bur-
den, while a large area of tumor immediately adjacent to a 
margin is associated with a greater risk of residual disease 
[46] and should prompt re-excision.

18.5  Other Factors Influencing Local 
Control in Invasive Cancer

It is important to recognize that a “negative” margin does not 
indicate that there is no residual tumor in the breast. Holland 
et  al. [47], in a landmark study using serial subgross 
sectioning to evaluate the remaining breast tissue in 264 

mastectomy specimens from patients with clinically unifocal 
cancers 4 cm or less in size, showed that only 39% of cases 
had no additional tumor beyond the index cancer. In 20% of 
cases, the tumor foci were within 2 cm of the index tumor, 
and in 41% of cases, the tumor foci were more than 2 cm 
from the primary tumor (Fig. 18.4). From a practical point of 
view, a negative margin indicates that the residual tumor bur-
den in the breast is low enough that it is likely to be con-
trolled by RT. The role of RT in maintaining local control is 
well documented in the EBCTCG overview [6]. At 5 years, 
the absolute incidence of local recurrence in node-negative 
women receiving RT was 16% lower than in those not receiv-
ing RT, while for node-positive women, a 30% reduction in 
isolated local recurrence was seen. These reductions in local 
recurrence at 5 years translate to 15-year survival gains of 
5% and 7% in node-negative and node- positive women, 
respectively. Bartelink et  al., in a prospective randomized 
trial examining the benefits of a boost dose of RT on local 
control, demonstrated statistically significant reductions 
in local recurrence with the addition of a boost in women of 
all ages [48]. While the role of RT in local control has long 
been  recognized, the impact on local control of both improve-
ments in systemic therapy and its widespread use are less 
well recognized.

The majority of women with invasive breast cancer now 
receive some form of adjuvant systemic therapy in addition 
to surgery and RT. Both endocrine therapy and chemotherapy 
significantly reduce the likelihood of local recurrence after 
BCT. In the NSABP B14 trial, in which node-negative, ER 
positive women were randomized to tamoxifen citrate or pla-
cebo, the 10-year rate of in-breast recurrence was reduced 
from 14.7% in the placebo group to 4.3% in the tamoxifen 
group [49]. In the NSABP B13 trial, node-negative ER 
 negative women were randomized to chemotherapy or a no-
treatment control group [49]. At 8  years, local recurrence 
was seen in only 2.6% of those receiving chemotherapy 

Multifocality of “Localized” Breast Cancer4 cm

39%

20%

41%2 cm

39%

Fig. 18.4 Distribution of cancer identified on serial subgross section-
ing of 264 mastectomy specimens with clinically localized tumors less 
than 4  cm in size. Only 39% of clinically localized cancers had all 
malignant cells confined to the tumor mass. In 20%, the residual cancer 
was within 2 cm of the primary, and within 4 cm in the remainder. Data 
from Holland R et al. [47]
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compared to 13.4% of controls. In a report of 3799 node- 
negative women participating in 5 NSABP trials of adjuvant 
systemic therapy, the cumulative incidence of in-breast 
recurrence at 12 years for those receiving adjuvant therapy 
was only 6.6% [3]. Since the time that these trials were con-
ducted, our ability to target therapy has improved, and this 
will undoubtedly result in a further decrease in local recur-
rence rates. For example, in the randomized trials that estab-
lished the efficacy of adjuvant trastuzumab, the addition of 
trastuzumab to chemotherapy resulted in a 50% decrease 
in  locoregional recurrence (LRR) compared to treatment 
with chemotherapy alone [50]. Similar results have been 
reported in ER positive, node-negative patients when sys-
temic treatment is selected on the basis of the Oncotype DX 
(Genomic Health, Redwood City, CA) score. Although this 
score was developed to predict the risk of systemic recur-
rence, Mamounas et al. [51] demonstrated that in the absence 
of systemic treatment, patients with high- risk Oncotype DX 
scores had an 18.4% risk of LRR compared to those with 
low-risk scores who had a 10.8% risk. The addition of 
tamoxifen, appropriate treatment for those with low-risk 
scores, reduced the incidence of LRR by more than 50% to 
4.3% in the low-risk group. In contrast, a much more modest 
reduction in LRR from 18.4% to 15.8% was seen in the high-
risk group. However, when chemotherapy was added, the 
LRR rate in the high-risk group decreased to 7.8%.

The importance of biology and targeted therapy is further 
supported by the emerging literature on the impact of tumor 
subtype on local recurrence after BCT or mastectomy. Both 
Millar et al. [52] and Nguyen et al. [53] have demonstrated 
that the rate of local recurrence after BCT varies among the 
intrinsic subtypes of breast cancer as approximated by ER, 
PR, and HER2 status. In both studies, the lowest rates of 
local recurrence at 5 years were seen among the ER positive, 
PR positive, HER2 negative (luminal A-like) group, and the 
highest rates were among the triple-negative (basal-like) and 
ER negative, HER2 positive patients in the absence of adju-
vant trastuzumab. However, ER, PR, and HER2 status are 
not indicators of the need for more widely clear margins 
since the same pattern of an increased risk of chest wall 
recurrence among ER negative patients, regardless of HER2 
status, was observed in a retrospective analysis of the Danish 
Breast Cancer Group randomized trials of mastectomy with 
or without RT [54]. A meta-analysis by Lowery et al. [55] 
evaluated 12,592 patients from 15 studies, of whom 7174 
were treated with BCT and 5418 with mastectomy. Patients 
with ER and/or PR positive tumors had a lower risk of local 
recurrence than HER2 positive tumors (relative risk 0.34) 
and triple-negative tumors (relative risk 0.38). Patients with 
HER2 positive tumors had a higher risk of local recurrence 
than triple-negative tumors (relative risk 1.44). As previously 
noted, the addition of trastuzumab to chemotherapy has 
been shown to reduce the risk of local recurrence in HER2 

positive patients [50], indicating that targeted therapy is a 
major contributor to local control. Kiess et al. [56] validated 
a significant decrease in LRR in patients treated with BCT 
by the addition of adjuvant trastuzumab. Among 197 patients 
who were treated with BCT immediately before and after 
adjuvant trastuzumab became available, 3-year rates of LRR 
fell from 10% to 1%. Pilewskie et  al. [57] addressed the 
question of whether local recurrence varied with margin 
width in triple-negative breast cancer. Among 535 triple-
negative cancers treated with BCT, 71 had negative margins 
≤2 mm, and 464 had negative margins >2 mm. A cumulative 
incidence of local recurrence at 5 years of 4.7% with margins 
≤2 mm and of 3.7% with margins >2 mm was observed, a 
difference which was not significant after controlling for use 
of chemotherapy and tumor size. In aggregate, this informa-
tion validates the importance of systemic therapy in  local 
control, indicates that factors other than disease burden are 
key determinants of local control, and provides evidence that 
margins more widely clear than no tumor on ink are not indi-
cated even for high-risk tumor subtypes.

18.6  Margins After Neoadjuvant 
Chemotherapy

Prospective randomized trials have demonstrated that the 
use of preoperative (neoadjuvant) chemotherapy allows for 
BCT in patients who would have required a mastectomy if 
surgery was performed initially [58, 59]. A meta-analysis of 
randomized trials of neoadjuvant vs. adjuvant chemother-
apy demonstrated no increase in the risk of LRR after neo-
adjuvant therapy as long as surgery was performed (hazard 
ratio 1.12, 95% confidence interval (CI) 0.92–1.37, p = 0.25) 
[60]. However, in the NSABP B18 trial, after 9  years of 
follow-up, the patients who required chemotherapy to 
downstage to lumpectomy (n = 65) had a 15.9% rate of in-
breast recurrence compared to 9.9% for those who were 
lumpectomy candidates at presentation (p = 0.04) [61]. This 
finding raises the possibility that margins need to be consid-
ered somewhat differently in the setting of neoadjuvant 
therapy.

The purpose of neoadjuvant therapy is to allow the 
removal of a smaller amount of breast tissue than would be 
necessary if initial surgery was performed. Breast cancer 
shrinkage in response to neoadjuvant therapy has been 
shown to occur in two different ways: concentrically, and in 
a honeycomb or buckshot pattern. Magnetic resonance 
imaging (MRI) is the most reliable means of assessing both 
the amount of residual tumor and the pattern of shrinkage 
[62]. This was validated in a recent retrospective review by 
Jochelson et al. [63] of 111 consecutive patients receiving 
neoadjuvant therapy. MRI alone correctly predicted suit-
ability for BCT in 88% of cases, with the addition of mam-
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mography increasing accuracy to 92% due to identification 
of malignant-appearing calcifications in cases with no 
residual enhancement on MRI.  In patients with a patho-
logic complete response or concentric tumor shrinkage, 
consideration of margin width does not differ from that in 
the primary surgical setting. In patients with the honey-
comb pattern, determination of the appropriate extent of 
resection is more difficult. Investigators from The 
University of Texas MD Anderson Cancer Center have 
shown that on multivariate analysis, a honeycomb pattern 
of response, residual disease >2 cm, and clinical N2 or N3 
disease were statistically significant predictors of local 
recurrence after BCT [64]. However, whether the higher 
rate of local recurrence observed with the honeycomb pat-
tern of shrinkage can be reduced with more widely clear 
margins is uncertain, as this pattern of shrinkage may be a 
reflection of biologic properties of the tumor which influ-
ence local recurrence just as they do in the primary surgical 
setting. Evidence supporting this concept comes from a 
study of 149 patients examining the impact of ER, PR, and 
HER2 status on local recurrence after neoadjuvant therapy 
[65]. The highest rate of local recurrence was seen in the 
ER-, PR-, and HER2-negative group, just as was seen in 
studies examining the significance of these markers in the 
primary surgical setting [52, 53]. A recent update from the 
multicenter randomized phase 3 GeparTrio, GeparQuattro, 
and GeparQuinto trials from 2002 to 2010 of 6134 women 
provides continued evidence for the feasibility of BCT for 
patients with initially multifocal/multicentric tumors who 
receive neoadjuvant therapy, if a pathologic complete 
response or tumor-free margins are obtained. BCT was per-
formed in 3834 of these cases after neoadjuvant therapy, 
with local recurrence seen in 5.6% at 3-year follow-up [66]. 
In the absence of definitive information on the benefit of 
more widely clear margins after neoadjuvant therapy, it 
seems prudent to follow the current joint guideline of the 
American College of Surgeons, American College of 
Radiology, and College of American Pathologists, which 
suggests that if viable tumor is present scattered throughout 
the lumpectomy specimen, even if it is not actually on the 
margin, re-excision should be considered [67].

18.7  Summary and Conclusion on Invasive 
Cancer: Consensus Guidelines

The failure of mastectomy, the most widely clear margin 
which can be obtained in the breast to achieve rates of local 
control approaching 100%, is clear evidence that disease 
burden is not the only factor determining local control. 
Evidence that margins more widely clear than tumor not 
touching ink decrease local recurrence in patients receiving 
whole-breast RT is lacking, and the underlying biology of 

the tumor and the availability of targeted therapy appear to 
be major determinants of local control.

In recognition of the many factors impacting local con-
trol, a multidisciplinary panel was convened in 2013 by the 
Society of Surgical Oncology (SSO) and American Society 
for Radiation Oncology (ASTRO) to establish consensus 
guidelines on margin width for patients with invasive can-
cer undergoing BCT. The meta-analysis of Houssami et al., 
discussed previously, as well as other published literature, 
formed the basis for the group’s deliberations. The group 
concluded that while positive margins, defined as ink on 
invasive tumor or DCIS, were associated with an increased 
rate of local recurrence, evidence that margins more widely 
clear than no ink on tumor reduce the risk of local recur-
rence is lacking, and that the routine use of re-excision to 
more widely clear margins is not indicated. This conclusion 
applies independent of age, histology, biologic subtype, the 
presence of an EIC, or the now-uncommon scenario of no 
planned adjuvant systemic therapy. The consensus state-
ments are summarized in Table 18.3 [68]. These guidelines 
have been endorsed by the American Society of Clinical 
Oncology (ASCO) and the American Society of Breast 
Surgeons (ASBrS) in addition to the SSO and ASTRO. It is 
hoped that their adoption will decrease re-excision rates 
and lower healthcare costs [68]. This does not mean that in 
some circumstances a more widely clear margin is not 
appropriate; it does mean that the routine use of unneces-
sarily large surgical resections or mandatory re-excisions to 
obtain a more widely clear margin in all patients should be 
abandoned.

18.8  Margin Width and Local  
Recurrence: DCIS

All of the caveats regarding the lack of a standardized 
approach to margin assessment apply to DCIS as well as 
invasive cancer. In addition, because DCIS is not clinically 
detectable in the overwhelming majority of cases, limited 
sampling of margin specimens is particularly likely to 
underestimate the extent of DCIS. A potential discontinuous 
or multifocal morphology seen with DCIS further complicates 
this assessment. Due to these variations and the limited use 
of adjuvant endocrine therapy in DCIS, the conclusions of 
the 2013 consensus guidelines for invasive cancer cannot be 
immediately extrapolated to pure DCIS [68]. Three of the 
randomized trials evaluating the benefit of RT in DCIS used 
a margin definition of tumor not touching ink [69–71], while 
20% patients in the SweDCIS study [70] had positive or 
unknown margins. Just as in the case of invasive cancer, level 
1 evidence from randomized trials on the effect of increasing 
margin width on local recurrence is lacking. Low rates of 
local recurrence are seen with long-term follow-up in studies 
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using the tumor-not-touching-ink definition of a negative 
margin. In spite of the lack of a boost dose of RT in NSABP 
B17 [71], the incidence of in-breast recurrence at a median 
follow-up of 17.3 years was 20%. In NSABP B24, this was 
reduced to 13.2% with the addition of tamoxifen, even 
though positive margins were allowed in this study [71]. In 
the United Kingdom-Australia-New Zealand DCIS study 
(UK-ANZ), after a median follow-up of 12.7 years, the inci-
dence of in-breast recurrences was 10% [69].

Dunne et al. performed a meta-analysis of 4600 patients 
with DCIS treated with BCT to examine the question of mar-
gin width. Patients with negative margins were significantly 
less likely than those with positive margins to experience 
local recurrence (OR 0.36, 95% CI 0.27–0.47%). When spe-
cific margin widths were examined, patients with margins of 
1 mm or less had a higher rate of local recurrence than those 
with more widely clear margins, but once a margin of 2 mm 

was obtained, no benefit for a more widely clear margin was 
seen (Table 18.4) [72]. Of note, local recurrence was infre-
quent in all of the negative margin groups. In a study of 
994 women with DCIS treated between 1985 and 2000 and 
identified through tumor registries in Monroe County, 
New  York, and the Henry Ford Health System, Detroit, 

Table 18.3 Society of Surgical Oncology and American Society for Radiation Oncology consensus guidelines on margins for BCS with RT in 
stage I and II breast cancer

Positive margin: ink on invasive cancer or DCIS
A positive margin confers a twofold increase in risk of IBTR
Clinical question Recommendation Level of evidence
Can the use of radiation boost, systemic therapy, 
or favorable tumor biology mitigate the two-fold 
increased risk of IBTR with a positive margin?

This increased risk in IBTR is not nullified by delivery of 
a boost, delivery of systemic therapy (endocrine therapy, 
chemotherapy, biologic therapy), or favorable biology

Meta-analysis; secondary 
data from prospective trials 
and retrospective studies

Do margin widths wider than no ink on tumor 
cells reduce the risk of IBTR?

Negative margins (no ink on tumor) optimize IBTR; wider 
margin widths do not significantly lower this risk; the 
routine practice to obtain wider negative margin widths 
than ink on tumor is not indicated

Meta-analysis and 
retrospective studies

What are the effects of endocrine or biologically 
targeted therapy or systemic chemotherapy on 
IBTR?
Should a patient who is not receiving any systemic 
treatment have wider margin widths?

Rates of IBTR are reduced with the use of systemic 
therapy; in the uncommon circumstance of a patient not 
receiving adjuvant systemic therapy, there is no evidence 
suggesting that margins wider than no ink on tumor are 
needed

Multiple randomized trials 
and meta-analysis

Should unfavorable biologic subtypes (such as 
triple-negative breast cancers) require wider 
margins (than no ink on tumor)?

Margins wider than no ink on tumor are not indicated 
based on biologic subtype

Multiple retrospective 
studies

Should margin width be taken into consideration 
when determining WBRT delivery techniques?

Choice of whole-breast radiation delivery technique, 
fractionation, and boost dose should not be dependent on 
margin width

Retrospective studies

Is the presence of LCIS at the margin an indication 
for re-excision? Do invasive lobular carcinomas 
require a wider margin (than no ink on tumor)? 
What is the significance of pleomorphic LCIS at 
the margin?

Wider negative margins than no ink on tumor are not 
indicated for invasive lobular cancer; classic LCIS at the 
margin is not an indication for re-excision; the 
significance of pleomorphic LCIS at the margin is 
uncertain

Retrospective studies

Should increased margin widths (wider than no 
ink on tumor) be considered for young patients 
(age < 40 years)?

Young age (< 40 years) is associated with both increased 
IBTR after BCT and increased local relapse on the chest 
wall after mastectomy, and is also more frequently 
associated with adverse biologic and pathologic features; 
there is no evidence that increased margin width 
nullifies the increased risk of IBTR in young patients

Secondary data from 
prospective randomized 
trials and retrospective 
studies

What is the significance of an EIC in the tumor 
specimen, and how does this pertain to margin 
width?

EIC identifies patients who may have a large residual DCIS 
burden after lumpectomy; there is no evidence of an 
association between increased risk of IBTR when margins 
are negative

Retrospective studies

BCS breast-conserving surgery, RT radiation therapy, DCIS ductal carcinoma in situ, IBTR ipsilateral breast tumor recurrence, LCIS lobular carci-
noma in situ
Data from Moran et al. [68]

Table 18.4 Impact of margin width on local recurrence in ductal car-
cinoma in situ

Negative 
margin width Number

% in-breast 
recurrence

Odds ratio (95% 
confidence interval)

Tumor not 
touching ink

914 9.4 2.6 (1.1–7.3)

1 mm 1239 10.4 2.9 (1.3–8.1)
2 mm 207 5.8 1.5 (0.5–5.0)
≥5 mm 154 3.9 1.0

Data from Dunne et al. [72]
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Michigan, the multivariate relative risk of ipsilateral event-
free survival for patients with margins less than 2 mm was 
1.39 (95% CI 0.71–2.73) compared to those with more 
widely clear margins [73]. This translates to an absolute dif-
ference of 1.6% at 5 years (95.6% vs. 94.0%) and 3.2% at 
10 years (90.5% vs. 87.3%). Van Zee et al. [74] examined 
2996 prospectively accrued cases of DCIS patients managed 
with BCT from 1978 to 2010. It was found that margin width 
was significantly associated with local recurrence in those 
who did not receive RT, but not in those who did receive 
RT. At a median follow-up of 75 months, in patients not 
receiving RT, the recurrence rates were 27% vs. 23% and 
16% for patients with margins ≤2  mm, 2–10  mm, and 
>10 mm, respectively (p = 0.0001). In those receiving RT, 
the corresponding figures were 12%, 13%, and 10% for mar-
gins <2 mm, 2–10 mm, and >10 mm in size (p = 0.95). These 
findings persist on multivariable analysis adjusting for 
patient and tumor factors, and suggest that wider margins 
may be important in reducing recurrence risk in women who 
choose to forego RT.

As was previously discussed, DCIS may grow discon-
tinuously in the ducts. In a study of 60 mastectomy speci-
mens with DCIS, Faverly et  al. [45] demonstrated that 
50% had a discontinuous growth pattern. This was seen in 
only 10% of high-grade DCIS lesions compared to 70% of 
well-differentiated lesions and 55% of intermediate-grade 
lesions. These findings suggest that margins more widely 
clear than tumor not touching ink are particularly relevant 
for patients with low- and intermediate-grade DCIS. The 
presence of residual calcifications at the lumpectomy site 
is a powerful predictor of the presence of residual DCIS, 
and even when margins are negative, residual suspicious 
calcifications are an indication for re-excision [75, 76]. 
Thus, margin width and the findings of postexcision mam-
mography are complimentary methods of assessing the 
completeness of an excision. As in the case of invasive 
cancer, the extent of DCIS approaching the margin and 
which margin is approached by DCIS warrant consider-
ation as well.

A great deal of confusion regarding appropriate margin 
width in DCIS seems to have been engendered by the 
report of Silverstein et  al. [77] that any DCIS lesion, 
regardless of size or grade that could be excised with a 
margin of 1  cm in all directions, did not require RT or 
tamoxifen. Many extrapolated these findings to indicate 
the need for a margin of 1 cm even when RT is used, an 
issue not addressed in that study. Efforts to duplicate these 
findings in a multi- institutional setting have been unsuc-
cessful to date. In the prospective, single-arm, multi-insti-
tutional, intergroup Eastern Cooperative Oncology Group 
trial 5194 study examining the role of excision alone in 
DCIS, margins of at least 3 mm and a negative postexci-
sion mammogram were required. Patients with low- or 

intermediate-grade DCIS 2.5  cm or smaller in size and 
high- grade DCIS <1 cm in size were eligible. Approximately 
50% of patients had negative margins of 1 cm or more. The 
7-year rate of in-breast recurrence was 10.5% for the low- 
and intermediate-grade group compared to 19.0% for the 
high-grade group, but no significant impact of margins 
greater or less than 1 cm was noted for high-grade or non-
high-grade lesions [78]. Thus, it is not even clear that mar-
gins of 1 cm or more are important when DCIS is treated 
with excision alone.

18.9  DCIS: Summary and Conclusions

In 2016 an SSO-ASTRO-ASCO consensus conference 
examined the relationship between margins in DCIS and 
local recurrence after treatment with whole breast RT [79]. A 
metaanalysis performed as part of this process found no ben-
efit to margins greater than 2 mm in reducing LR, while mar-
gins of 2 mm reduced LR compared to smaller negative 
margin widths [80]. A negative postexcision mammogram 
for calcification cases is a complimentary method of assess-
ing the completeness of excision. The panelists concluded 
that while a margin of 2 mm minimized local recurrence, 
caution should be exercised before subjecting a patient to 
mastectomy or nipple removal to obtain an arbitrary prede-
termined margin width based on the excellent outcomes in 
the clinical trials of DCIS which used the definition of no ink 
on tumor for a negative margin. As with invasive cancer, the 
extent of DCIS and other factors which impact upon the risk 
of local recurrence, such as patient age and willingness to 
take tamoxifen, are important in the decision-making 
process.
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Axillary Surgery
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19.1  Introduction

Over the last 25 years, outcomes from randomized clinical 
trials have brought about major changes in the surgical man-
agement of the axilla in patients with breast cancer. Axillary 
sentinel node biopsy (SNB) has substantially changed man-
agement and has become accepted as a staging procedure in 
patients with early-stage breast cancer.

The role of axillary lymph node dissection (ALND) has 
been an area of controversy for the last decade as it became 
accepted as a procedure for axillary staging and improving 
local control; however, there was no survival benefit [1, 2]. In 
addition, the decision to initiate either neoadjuvant or adju-
vant chemotherapy is no longer limited to patients with nodal 
involvement but also depends upon characteristics of the pri-
mary tumor including tumor size, histologic grade, lympho-
vascular invasion, and receptor status.

It is well known that SNB has less morbidity and fewer 
complications than traditional axillary lymph node dissec-
tion (ALND) [3–5]. The ability to perform a less invasive 
procedure with significantly less morbidity and complica-
tions, without compromising prognostic information, has 
always been appealing.

Three prospective randomized clinical trials in patients with 
a clinically node-negative axilla comparing SNB to ALND 
have been published [6–8]. In NSABP-B32, which was the 
largest randomized sentinel node trial, 5611 patients with clini-
cally T1 and T2 tumors who were clinically  node- negative 
were randomized to either SNB followed by ALND or SNB 
alone with ALND only performed if the sentinel lymph node 
(SLN) contained metastases [6]. There were 80 participating 

centers and 233 surgeons. This study used frozen section analy-
sis of SLN and both radioisotope and isosulfan blue to identify 
the SLN. The technical success rate for identifying the sentinel 
nodes was reported at 96.9% and a false-negative rate of 9.5%. 
At mean follow-up of 8 years, the axillary recurrence rate for 
sentinel node-negative patients was 0.7%. Interestingly, the 
axillary recurrence is far less than the false-negative rate.

The false-negative rate in the other two randomized trials 
of SLN-negative patients was also reported to be between 
6.7% and 8.8% with an axillary recurrence rate between 
0.2% and 0.8%, also far less than expected from the false- 
negative rate [7, 8].

19.2  Axillary Surgery with Sentinel Node 
Biopsy: Indications

SNB has become the standard of care for axillary staging in 
clinically node-negative patients with breast cancer. As the 
indications for adjuvant therapy continue to involve, SNB 
provides a basis for identifying high-risk patients who may 
benefit from the use of adjuvant systemic therapy, hormonal 
therapy, or radiation. SNB also provides local control if 
metastasis is limited to the SLN. For patients with early- 
stage breast cancer, the status of the axilla may help decide 
for or against adjuvant therapy.

Consensus conferences such as ASCO Guidelines and 
Recommendations for Sentinel Lymph Node Biopsy in Early-
stage Breast Cancer and the 2005 International Consensus 
Conference on Image-Detected Breast Cancer: State of the 
Art Diagnosis and Treatment have endorsed SNB as the pre-
ferred method for axillary staging of clinically node-negative 
patients with breast cancer [9–11]. The indications for SNB 
indication and our understanding of the significance of the 
findings continue to evolve. This chapter reviews the latest 
developments of SNB and future directions.
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19.3  Indications for SNB

SNB has become well accepted in the staging and manage-
ment of early-stage breast cancer patients, in the manage-
ment of patients with DCIS who undergo mastectomy, 
patients with a clinically node-negative axilla who undergo 
neoadjuvant treatment, and patients with previous breast and 
axillary surgery; however, its role for patients with clinically 
palpable axillary disease and patients with clinically node- 
positive disease who undergo neoadjuvant treatment and are 
rendered node-negative, inflammatory breast cancer, and 
pregnancy-associated breast cancer continues to be debated 
(Table 19.1).

19.4  Prophylactic Mastectomy

Prophylactic mastectomy is accepted as an option for patients 
who are BRCA-1 and BRCA-2 gene mutation carriers, 
patients with a strong family history of breast cancer, history 
of mantle radiation, and lobular carcinoma in situ, and for 
cosmesis or phobia of developing breast cancer in patients 
undergoing a contralateral mastectomy for breast cancer. In 
patients who have undergone a prophylactic mastectomy, the 
risk of finding an occult cancer has been reported to be about 
5%; in addition, in patients with a history of breast cancer, 
the risk of developing a contralateral breast cancer is as high 
as 1% per year [12, 13]. The feasibility of performing SNB 
is jeopardized in patients who choose to have a prophylactic 
mastectomy without SNB and are subsequently found to 
have invasive cancer in the specimen; an ALND is then 
required to stage the axilla. If SNB is performed at the time 
of prophylactic mastectomy, and the patient is found to have 
an invasive cancer with histologically negative SLNs, the 
morbidity associated with an ALND can be avoided. Dupont 
et  al. reported a series of 57 patients who underwent 
prophylactic mastectomy and SNB for LCIS or were gene 
carriers of the BRCA-1 and BRCA-2 mutation, of whom 2 
patients (3.5%) were found to have positive SLNs by IHC, in 
the absence of cancer in the mastectomy specimen [14]. In 
addition, invasive breast cancer was found in two other 

patients with negative SLNs. Based on these findings, 7% of 
the patients subsequently had a change in their surgical 
management. SNB may be offered to high-risk patients who 
choose to undergo prophylactic mastectomies. Those most 
likely to benefit from SNB are patients with imaging or other 
undiagnosed findings but without an abnormality; SNB is 
usually of no value.

19.5  Previous Breast or Axillary Surgery

No large studies have reported success in identifying SLNs 
in patients who present with previous breast or axillary 
surgery. Many of the large trials excluded patients who had 
previous breast biopsies or previous axillary surgery [15–
17]. Of the limited studies available on SNB in patients who 
have had previous breast surgery, the data suggests that 
identifying the SLN can be achieved after previous breast 
biopsies, regardless of the size, location, or the length of time 
between the initial biopsy and the SLN procedure [18, 19]. 
In a retrospective review at the European Institute of 
Oncology, Luini et al. determined the accuracy of SNB in 
543 patients who had previous breast biopsies [20]. The SLN 
was identified in 99% of the patients. Based on these findings 
and other studies in the literature, a prior breast biopsy is not 
considered a contraindication to SNB.

The accuracy of SNB in patients who have undergone 
previous axillary surgery has also not been studied in large 
clinical trials. Controversy involves the ability to successfully 
identify the SLN due to disruption of lymphatic channels 
during surgery that can lead to aberrant lymphatic drainage 
patterns. A recent study was reported on the feasibility of 
performing a second SNB in a series of 18 patients who 
developed recurrences after breast conservation and SNB for 
early-stage breast cancer, who had negative SLNs at the time 
of their initial surgery [21]. All patients underwent 
preoperative lymphoscintigraphy which demonstrated a 
SLN, and all patients had successful identification of the 
SLN intraoperatively with an average of 1.3 SLNs removed. 
Two patients were found to have positive SLNs, requiring 
ALND. Of the 16 patients with negative SLNs, no recurrences 
were observed. In patients with prior axillary surgery, SNB 
can be offered but should be performed with both preoperative 
lymphoscintigraphy and blue dye for localization.

19.6  Ductal Carcinoma In Situ

Ductal carcinoma in situ (DCIS) is a noninvasive lesion and 
does not have the ability to metastasize to regional lymph 
nodes. In theory, DCIS should not require SNB staging. 
However, due to sampling errors in about 20% of cases in 
which a core biopsy shows DCIS, invasive cancer can be 

Table 19.1 Indications for sentinel lymph node biopsy

Approved guidelines Unapproved indications
Prophylactic mastectomy Inflammatory breast cancer
T1–T2 breast cancer Pregnancy
Multicentric disease T3–T4 lesions
Male breast cancer
DCIS with mastectomy
Before or after neoadjuvant treatment
Prior axillary or breast surgery

Adapted from American Society of Clinical Oncology Guidelines for 
SLNB in breast cancer [9]
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found in the final excised specimen. Because of this some 
surgeons will perform SNB for patients who have a core 
biopsy showing DCIS.  Positive sentinel nodes have been 
reported in 0–13% of DCIS patients [22–24]. A recent study 
of 398 patients diagnosed with DCIS on core biopsy found 
that 20% had invasive disease found when the excised 
specimen was examined on final pathology [25]. On 
multivariate analysis, risk factors for invasive disease 
included age <55 (odds ratio (OR) 2.19, p = 0.024), diagnosis 
on a core biopsy (OR 3.76, p = 0.006), mammographic size 
of DCIS >4 cm (OR 2.92, p = 0.001), and high-grade DCIS 
(OR 3.06, p = 0.002). Of these patients, 141 had SNB done 
at the time of their initial operation. Seventy-three percent 
were diagnosed on core biopsy, 30% had invasive disease on 
final pathology, and 10% (14/141) had SLN metastases. Of 
the 14 patients with positive nodes, 11 (79%) had invasive 
cancer found on their final pathology. SNB should not be 
done after an excisional biopsy that shows only DCIS.  If 
microinvasion is found, then SNB is reasonable.

ASCO guidelines recommend that SNB should not be 
done routinely for patients with DCIS who undergo breast 
conservation; however, exceptions include when a 
mastectomy is being performed or when the DCIS is large 
and high grade. In patients who have DCIS extensive enough 
to require mastectomy, SNB may be indicated because if 
invasive cancer is found on the final specimen, then sentinel 
node biopsy could not be performed and the patient would 
require an axillary dissection.

19.7  Multicentric Lesions

Multicentric cancers occur in approximately 10–15% of 
patients and have been considered a contraindication to 
SNB; however, there is evidence that the entire breast may 
drain through the same afferent lymphatic channels to the 
same axillary sentinel node (Table 19.2). In multiple small 
non-randomized studies, SNB was performed with accuracy 
rates similar to patients with unifocal lesions [26, 33]. Goyal 
et  al. demonstrated an identification rate of 94% in 75 
patients with multicentric disease [27]. These studies reflect 
similar identification rates to patients with unifocal disease. 
Most investigators report greater success using a combina-

tion of radiolabeled colloid and blue dye. Moreover, Bauer 
et al. demonstrated that regardless of the injection of radiola-
beled colloid and blue dye into the same location or different 
locations in the breast, they both resulted in localization of 
the same sentinel nodes with an identification rate of 95% 
and 97%, respectively [34].

19.8  Male Breast Cancer

Breast cancer in men is rare and accounts for less than 1% of 
all breast cancers, and decisions regarding management have 
usually been made based on evidence from studies on female 
breast cancer. Although male patients usually present with 
larger tumors because of a delay in diagnosis, survival rates 
parallel women stage for stage [35]. Men who develop breast 
cancer who undergo ALND are at similar risk of developing 
complications associated with this procedure. It seems 
logical that SNB could be used for men with breast cancer. In 
a study of 16 male patients with T1 tumors, the SLN was 
successfully identified in 93% of patients [36]. Although 
data on management of men with breast cancer is limited, the 
treatment and outcomes appear to be similar to women with 
breast cancer, and SNB may be offered to men with early 
breast cancer.

19.9  Micrometastatic Disease and SNB

The recent publication of three large randomized controlled 
trials has changed the perspective on occult metastases 
detected by immunochemistry and the management of the 
axilla after a positive SNB in early-stage breast cancer. The 
American College of Surgeons Oncology Group Z0010 trial 
was designed to determine the association between survival 
and metastases detected by immunochemical staining (IHC) 
of SLNs and bone marrow specimens from patients with 
early-stage breast cancer [37]. The study enrolled 5538 
patients who underwent lumpectomy and SNB with bilateral 
iliac crest bone marrow aspiration. Both the bone marrow and 
histologically negative sentinel nodes were evaluated with 
IHC in a central laboratory for the presence of micrometasta-
ses. The SLN was successfully identified in 5485 (99%) 
women, and histologic SN metastases were found in 1239 
(23.9%). IHC identified an additional 350 patients with senti-
nel node metastases. Bone marrow metastases were identified 
by IHC in 105 of 3491 specimens examined (3.0%). At 
5 years, overall survival was 92.8% among women with SLN 
IHC-detected metastasis and 95.6% with negative histology. 
Overall survival was 95.1% with IHC-detected metastasis 
and 95.8% for those patients with a negative sentinel node. 
This study demonstrated that the detection of occult micro-
metastases for T1–T2 N0M0 disease does not help predict 

Table 19.2 Sentinel lymph node biopsy for multicentric disease

Study (year) Patients # SLN % SLN ID rate % FN rate
Tousimis (2003) [26] 70 2.1 96 8
Goyal (2004) [27] 842 2.4 94 8.8
Gentilini (2006) [28] 42 1.36 100 2.3
Knauer (2006) [29] 142 1.67 91 4
Holwitt (2008) [30] 93 – 100 7
Fearmonti (2009) [31] 23 1.3 100 15
Lo (2009) [32] 23 1.1 100 0
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overall survival. Interestingly, bone marrow micrometastasis 
detected by IHC predicted decreased 5-year overall survival, 
90.2% for positive status and 95.1% for negative. However, 
the rate of bone marrow metastasis was so low, and the results 
did not achieve statistical significance.

Similarly, the NSABP B-32 trial randomly assigned 5611 
women with breast cancer to SNB with immediate ALND 
(2807 patients) or SNB alone (2804 patients) [38]. In the 
SNB with immediate ALND group, 1978 patients were 
found to be SLN negative. Of these patients, 316 demonstrated 
occult metastases on further IHC staining. In the SN-only 
group, 2011 patients were SLN negative. Of these patients, 
300 demonstrated occult metastases on further IHC staining. 
Five-year Kaplan–Meier estimates of overall survival among 
patients in whom occult metastases were detected and those 
without detectable metastases were 94.6% and 95.8%, 
respectively. While occult metastases were a statistically 
significant independent prognostic variable for overall 
survival in patients with sentinel nodes that were negative on 
initial examination, the difference in outcome at 5 years was 
clinically insignificant. With the information obtained from 
ACOSOG Z0010 and NSABP B-32, micrometastases do not 
appear to be clinically significant. The authors of both studies 
concluded that the additional evaluation of a SLN with IHC 
analysis and serial sectioning of negative sentinel nodes on 
routine H&E staining in patients with early-stage breast 
cancer is of no value and treatment recommendations should 
not be made based solely on IHC nodal status.

19.10  Macrometastatic Disease and SNB

Although SNB has been well established as a means of iden-
tifying axillary node metastasis, the management of breast 
cancer continues to evolve. Radiation, adjuvant chemother-
apy, hormonal therapy, and other targeted therapies have 
allowed for better locoregional control as well as improve-
ments in survival. For patients treated with breast conserva-
tion standard whole breast opposing tangential fields results 
in radiation to part of the axilla which may contribute to 
regional control.

The recently reported American College of Surgeons 
Oncology Group (ACOSOG) Z0011 randomized trial was 
designed to address the question of whether women with a 
positive SLN treated with whole-breast irradiation (WBI) and 
adjuvant treatment could avoid a completion ALND [39]. 
Women with T1–T2 breast cancers, who were clinically node-
negative and found to have less than three positive SLNs 
detected on H&E staining, were randomized to either comple-
tion ALND or no further axillary surgery (Fig.  19.1). All 
patients were to receive WBI and systemic treatment. Of the 
women enrolled in the study, 446 evaluable women were 
assigned to no ALND, and 445 women were randomized to 

ALND with removal of 10 or more additional axillary nodes. 
At a median follow-up of 6.3 years, four patients (0.9%) had a 
regional nodal recurrence in the sentinel node-only group com-
pared to two patients (0.5%) in the ALND group. Despite the 
fact that 27.4% of patients in the ALND group had additional 
positive lymph nodes removed, there were no statistically sig-
nificant differences seen in locoregional recurrences. The study 
reported a 5-year overall survival of 91.8% for women who 
underwent ALND vs. 92.5% for those that had SNB alone who 
had one or two positive SLNs, demonstrating no survival 
advantage to having additional lymph nodes removed.

On multivariate analysis, no clinical or pathological fac-
tors including younger age, estrogen receptor status, and 
tumor size were found to significantly affect locoregional 
recurrences when comparing both groups. This data clearly 
demonstrates that patients with a positive SLN who meet 
ACOSOG Z011 eligibility criteria can safely avoid 
undergoing a completion ALND; however, the authors did 
emphasize that there are many patients with a positive SLN 
who should still undergo completion ALND (Table  19.3). 
These findings were also supported by the IBCSG multicenter 
phase III randomized clinical trial of 934 patients with stage 
I–II breast cancer, who after a SNB which demonstrated one 
or more micrometastatic SLNs were randomized to ALND 
versus no further axillary surgery demonstrated no significant 
differences in overall survival or regional recurrences [40].

19.11  Clinically Positive Axilla

Management of patients with suspicious axillary lymph 
nodes based on clinical exam is unreliable. The results of 
several series show a positive predictive value of 64–82%, a 
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Fig. 19.1 ACOSOG Z011 study design schema

Table 19.3 Indications for axillary lymph node dissection after a posi-
tive sentinel lymph node biopsy

Clinically palpable nodal disease preoperatively
Patients undergoing mastectomy
Patients undergoing treatment with partial breast irradiation
Patients undergoing neoadjuvant chemotherapy
≥3 SLN with metastatic disease
SLN with extranodal involvement
Matted axillary lymph nodes
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negative predictive value of 50–63%, and an overall accu-
racy of 63–68% [41–43]. Specht et al. published a study of 
SNB in patients with clinically suspicious axillary nodes. 
Two experienced surgeons documented clinically suspicious 
axillary nodes in 106 patients preoperatively [44]. The 
patients were classified into two groups. The first group 
which consisted of 62 patients was believed to have nodes 
that were moderately suspicious and was described as “firm, 
shotty, and more prominent that those on the contralateral 
side.” The second group of 44 patients had nodes which were 
thought to be “highly suspicious or unequivocally positive.” 
All patients then underwent SNB.  The PPVs of physical 
examination were 47% in the moderately suspicious group, 
77% in the highly suspicious group, and 59% overall. The 
patients in the highly suspicious group had larger tumors 
(2.2 cm vs. 1.6 cm) and more lymphovascular invasion (41% 
vs. 32%). Both larger tumor size and lymphovascular 
invasion are known to correlate with a higher rate of axillary 
metastases. Overall 41% of these patients with clinically 
involved nodes were node-negative and could be treated with 
SNB alone and spared ALND.  The more suspicious the 
axillary involvement is, the more likely that the lymph nodes 
are truly involved. SNB is not recommended in patients with 
palpable axillary disease. When performing SNB any lymph 
node that is clinically suspicious for metastatic disease 
because of firm texture or enlarged size must be removed. 
These nodes are to be considered and evaluated as sentinel 
nodes even if they are not radioactive or blue. ASCO 
guidelines recommended against performing SNB in patients 
with clinically positive nodes. The clinical problem that 
often occurs is the management of a patient with a non- 
palpable but imaging-detected, even biopsy-proven axillary 
nodal metastasis. These patients are often subjected to 
ALND. However, ACOSOG Z011 and the AMAROS trial 
used only palpation to exclude patients. Those women with 
imaging-detected metastasis may still undergo SNB with 
removal of the biopsy-proven involved node, and they may 
be spared ALND.

19.12  Neoadjuvant Chemotherapy 
and Management of the Axilla

The use of neoadjuvant chemotherapy for patients with 
locally advanced breast cancer has received considerable 
attention over the last several years. The rationale for treating 
patients early with large operable tumors is reflected in many 
studies that demonstrate that systemic treatment downsized 
these large lesions, providing the alternative of breast 
conservation instead of mastectomy. Although there is 
increasing data to support the use of SNB after neoadjuvant 
chemotherapy in patients who are clinically node-negative at 
initial presentation, its value and effect on long-term 

outcomes are unproven. Recent studies have shown that SNB 
may be an accurate means of staging the axilla after comple-
tion of NAC in patients who were clinically node- negative 
prior to NAC [45–47].

Several studies have shown an acceptable identification 
rate and a low false-negative rate after neoadjuvant therapy 
in clinically node-negative patients (Table 19.4). The largest 
multicenter trial demonstrating the feasibility and accuracy 
of SNB after neoadjuvant chemotherapy was conducted as 
part of the NSABP-B27 study in which 784 patients under-
went neoadjuvant chemotherapy followed by surgery [54]. 
The authors reported that the SLN was successfully identi-
fied in 84.8% of patients with a false-negative rate (FNR) of 
10.7%, suggesting that the SNB technique was technically 
feasible after neoadjuvant chemotherapy. The identification 
rate increased significantly with the use of radioisotope and 
blue dye (88.9%) compared to the use of blue dye alone 
(78.1%, p = 0.03).

Neoadjuvant chemotherapeutic regimens have led to axil-
lary downstaging with a significant decrease in the number 
of palpable nodes after treatment [55, 56]. Controversy con-
tinues to exist with regard to the reliability and sensitivity of 
SNB after NAC for patients who were clinically node-posi-
tive prior to NAC and demonstrate a complete clinical 
response.

Axillary ultrasound with needle biopsy of suspicious 
lymph nodes is often used in the initial diagnostic workup of 
breast cancer patients for whom NAC is planned in order to 
document nodal status and staging prior to initiating 
treatment. For patients with metastases detected by needle 
biopsy who are then treated with NAC, it has been standard 
to perform an ALND at the time of breast surgery. This is 
because prior studies have shown lower identification rates 
and higher false-negative rates of SNB after NAC in patients 
with clinically positive nodes at presentation [57, 58]. 
Furthermore, the outcome of node-positive patients who 
become node-negative after NAC and do not undergo ALND 
is currently unknown.

The benefits of NAC for patients with clinically positive 
axillary lymph nodes were confirmed by the NSABP B-18 
trial [59]. Wolmark et al. evaluated the effect of preoperative 

Table 19.4 Studies of sentinel node biopsy after neoadjuvant 
chemotherapy

Study
Tumor 
stage # Pts

% SLN ID 
rate

% False 
negative

Tausch (2008) [48] 1–3 144 85 8
Menard (2009) [49] 1–3 20 100 0
Hunt (2009) [45] 1–3 575 97 6
Schwartz (2010) [50] 1–3 79 98 4
Pecha (2011) [51] 2–3 343 81 19
Aquiar (2012) [52] 1–2 34 92 12
Zhang (2013) [53] 1–3 57 98 8
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doxorubicin and cyclophosphamide on downstaging the 
primary breast tumor as well as the involved axillary lymph 
nodes. They reported a clinical nodal response rate of 89% in 
node-positive patients: 73% had a complete clinical response 
and 44% had a pathologically complete response. 
Furthermore, there was a 37% increase in the occurrence of 
pathologically negative nodes. Similarly, Dominici et  al. 
from MD Anderson, demonstrated the efficacy of NAC in 
treating axillary metastases [60]. In this study, 109 patients 
with documented axillary LN metastases were treated with 
preoperative trastuzumab and chemotherapy and then 
underwent a level I and II ALND. Eighty-one of the 109 
patients (74%) had a complete pathologic nodal response 
with a higher disease-free survival seen in patients who had 
an axillary pathological complete response than those who 
had residual axillary disease. The use of Her-2-targeted 
therapy has further increased nodal complete pathological 
response rates.

The role of SNB with clinically node-positive disease 
who underwent neoadjuvant chemotherapy was investi-
gated in ACOSOG Z1071 [61]. In this study, 687 patients 
underwent sentinel lymph node biopsy followed by an 
ALND. The authors reported successful identification of 
the sentinel node in 92.9% of patients, and 41% of node-
positive patients had a complete pathological response fol-
lowing NAC. However, the false-negative rate was 12.6% 
when two LNs were identified by SNB which was more 
than the accepted 10% false-negative rate than the authors’ 
pre- specified threshold. The authors concluded that SNB 
alone after NAC for biopsy-proven node-positive patients 
who have a complete clinical response could not be recom-
mended. The unreliability of SNB after NAC has been 
attributed to disruption and obstruction of lymphatic chan-
nels as well as nonuniform chemotherapy delivery to the 
axillary lymph nodes. However, in this study when three or 
more LNs were removed by SNB, the false-negative rate 
was under 10%. In addition, the authors recently reported 
on clinical and surgical factors such as patient age, BMI, 
tumor size, the use of dual tracer for identification of the 
sentinel node, site of injection of the tracer, and the type of 
breast surgery and found that the only factor that was statis-
tically significant in influencing identification of the SLN 
was the use of blue dye alone versus the use of dual tracer. 
The rate of identification of the SLN was significantly 
higher when radiolabeled colloid was used in combination 
with blue dye (93.8%) versus blue dye alone (89.3%) [62]. 
This may be a reflection of the number of nodes removed 
during SNB.

The controversy regarding the optimal timing and reli-
ability in staging the axilla after NAC in patients with node-
negative or node-positive disease was also recently 
addressed in the SENTINA (SENTinel NeoAdjuvant) trial, 
which was designed as a prospective, multicenter trial in 

Germany and Austria of patients who received NAC [63]. 
This was a four-arm prospective study where in the first 
arm, patients who were clinically node-negative underwent 
SNB prior to NAC induction, and if they were found to 
have sentinel node metastases, they were selected to 
undergo a second SNB once NAC was completed (arm B). 
Women who were clinically node-positive received NAC 
and either underwent SNB followed by mandatory ALND 
if they had a complete clinical nodal response (arm C) or 
ALND alone if their nodal status remained positive despite 
NAC (arm D). The sentinel node detection rate for clini-
cally node-negative patients prior to NAC induction was 
99.1%; however, 35% of these clinically node-negative 
patients were found to have nodal metastases on SNB. For 
these patients found to have nodal metastases, their second 
SNB after NAC was only successful in identifying the sen-
tinel node 60.8% of the time with a high false-negative rate 
of 51.6%. Patients whose axillary nodal status converted 
from clinically positive to clinically negative after NAC 
had a sentinel node detection rate of 80.1% and a false-
negative rate of 14.2%. The authors also reported that false-
negative rate decreased with increasing number of lymph 
nodes removed. This data suggests that SNB is more accu-
rate and reliable prior to NAC in clinically node-negative 
patients but in patients who are node-positive prior to NAC 
induction, SNB alone without ALND is not adequate to 
accurately stage the patient.

Although further studies with long-term follow-up are 
needed to fully evaluate the role of SNB after neoadjuvant 
treatment for clinically node-positive patients who undergo 
NAC, there is supporting evidence that this technique is 
applicable in patients who demonstrate a complete clinical 
response. ASCO guidelines state that currently available data 
is not sufficient to recommend SNB in patients with clinically 
node-positive disease who undergo NAC and become 
clinically node-negative and that SNB should only be 
performed in patients with clinically negative axillary lymph 
nodes.

19.13  Recurrent Disease/New Primary 
Breast Cancers

The dilemma of optimal treatment for new breast cancers 
or in-breast recurrences after previous ipsilateral SNB or 
ALND will often arise. Although SNB has been successful 
in patients who have had previous biopsies, its role in 
patients who have had previous axillary surgery continues 
to evolve. In patients who present with recurrent disease or 
a new primary, some investigators advocate a combination 
of both lymphatic mapping with radiocolloid, preoperative 
lymphoscintigraphy and intraoperative blue dye in identi-
fying alternate lymphatic pathways such as internal 
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 mammary nodes or the contralateral axilla [21, 64]. Port 
et al. reported their experience of 32 patients with in-breast 
recurrences who had prior axillary surgery for breast can-
cer [65]. In this group of patients, the SLN was success-
fully identified in 75% of patients, and there was a 
significant difference in the SLN identification rate if less 
than ten nodes had been removed during the previous axil-
lary surgery compared to patients who had more than ten 
nodes removed (87% vs. 44%, respectively). The role of 
SNB in this group of patients remains to be established, 
and more data with larger numbers of patients are neces-
sary to develop guidelines. Further identification of nodal 
metastasis may be of limited clinical value for patients 
with recurrent disease.

19.14  Contraindications to SNB: 
Inflammatory Breast Cancer

Inflammatory breast cancer represents one of the most rare 
but aggressive forms of locally advanced breast cancer with 
a poor prognosis. The diagnosis is based on the clinical pre-
sentation of diffuse inflammatory skin changes, with skin 
thickening, as well as histological confirmation of dermal 
lymphatic invasion. The current management of inflamma-
tory breast cancer includes neoadjuvant chemotherapy as 
first- line treatment followed by modified radical mastec-
tomy and postoperative radiation therapy. SNB is not rec-
ommended for patients with inflammatory breast cancer due 
to invasion and obstruction of dermal lymphatics by tumor 
cells. ASCO guidelines list inflammatory breast cancer as a 
contraindication to SNB

19.15  Conclusion

Since the early 1990s, the development and wide acceptance 
of SNB have profoundly affected the management of breast 
cancer. The technique reliably stages the axilla with more 
accuracy and less morbidity than traditional ALND. SNB 
initially was used to identify women with node-negative 
disease and spare them an ALND. Over the last decade with 
large multicenter randomized phase III clinical trials, we 
have now been able to avoid ALND even in SLN-positive 
patients who undergo breast conservation and are treated 
with adjuvant therapy and whole-breast radiation. SNB con-
tinues to be an invaluable tool for clinicians to guide deci-
sions regarding treatment, and with the continuing 
advancements in neoadjuvant treatments, patients who have 
a positive SLN will not have to undergo extensive axillary 
surgery, will have the same local outcomes that are less 
invasive, and have better functional outcomes than those 
undergoing ALND.
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Skin-Sparing Mastectomy

Damian McCartan and Virgilio S. Sacchini

20.1  Introduction

The term skin-sparing mastectomy was designated by Toth 
and Lappert in 1991 to describe mastectomy incisions that 
maximized skin preservation in an attempt to facilitate imme-
diate breast reconstruction [1]. Skin-sparing mastectomy 
removes the breast and nipple-areola complex, and can incor-
porate the skin over superficial tumors, previous excisional 
biopsy, or lumpectomy sites. The technique builds on previ-
ous descriptions of subcutaneous mastectomy and immediate 
implant-based reconstruction from the 1980s [2, 3].

Skin-sparing mastectomy is now routinely utilized as 
the mastectomy technique for patients selected as suitable 
for immediate breast reconstruction. Preservation of the 
native skin and in the inframammary fold enhances the cos-
metic outcome for patients undergoing implant or, indeed, 
autologous immediate reconstruction. Multiple studies 
over the last 15 years have demonstrated low locoregional 
recurrence rates following skin-sparing mastectomy, com-
parable to those for women undergoing modified radical 
mastectomy.

The indications for mastectomy in the surgical manage-
ment of breast cancer including ductal carcinoma in situ will 
depend on a variety of patient and tumor factors. Established 
tumor factors such as multicentric disease, T4 disease, and 
large or central tumors in a small breast are all elements that 
would exclude breast-conserving surgery as a management 
option, therefore necessitating a mastectomy.

Inflammatory breast cancer is an absolute contraindication 
to skin-sparing mastectomy. Authors have advocated its use 
in some locally advanced cases with limited skin involvement 
that is amenable to inclusion in the area of the skin removed. 
However, there is a paucity of data to provide definitive sup-

port. Rigorous evaluation of preoperative breast imaging is 
required when evaluating suitability for skin-sparing mastec-
tomy. In certain cases of ductal carcinoma in situ, calcifica-
tions can encroach close to the skin, and, if identified, 
consideration should be given to inclusion of this area in the 
skin component being resected (Fig. 20.1).

As the indications for neoadjuvant chemotherapy expand, 
mirrored by improvements in both clinical and pathological 
response rates, more patients who may have been deemed not 
suitable for a skin-sparing mastectomy may be in a position to 
consider this approach with successful completion of neoad-
juvant therapy. There are no trials with sufficient follow-up of 
comparative patients after skin-sparing mastectomy with or 
without the use of neoadjuvant chemotherapy. However, data 
from the American College of Surgeons National Surgical 
Quality Improvement Program actually found that after mas-
tectomy, morbidity rates were lower in patients who had 
received neoadjuvant chemotherapy [4]. The findings were 
applicable to patients who did not have and who did undergo 
an immediate breast reconstruction. The mechanisms under-
lying this reduction in morbidity have yet to be elucidated, 
but the findings do support the safety of neoadjuvant chemo-
therapy in patients scheduled for a mastectomy and immedi-
ate reconstruction.

The predicted need for adjuvant chest wall radiotherapy 
following mastectomy may impact the reconstruction decision 
process. It has been shown that radiotherapy has a negative 
effect on health-related quality of life and breast satisfaction 
metrics in patients with implant-based reconstructions [5].

20.2  Surgical Technique

20.2.1  Incisions and Carlson Classification

The classification system for skin-sparing mastectomy 
defined by Carlson in 1997 has prevailed for describing skin- 
sparing mastectomy based upon the type of incision used and 
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the amount of skin removed [6]. The four types of skin- 
sparing mastectomy incisions (Fig. 20.2) described are:

• Type I: Removal of the nipple and areola only. This 
approach is frequently used in prophylactic cases. In 
patients with a small-diameter areola, a lateral extension 
to the incision is sometimes required to improve access to 
the axillary tail and upper outer quadrant. In cases where 
the planned immediate reconstruction is with a tissue 
expander, we revert to an elliptical rather than a circum-
areolar incision, as these circular incisions are often 
revised to an ellipse to allow a flat skin closure.

• Type II: Removal of the nipple and areola complex as well 
as the skin overlying superficial tumors and/or previous 
biopsy incisions. These incisions are suitable if the biopsy 
incisions or superficial tumors are in close proximity to 
the areola allowing removal in continuity with the nipple- 
areola complex.

• Type III: Removal of the nipple-areola complex as well as 
skin overlying superficial tumors and/or previous biopsy 
incisions (without resecting intervening skin). The bridge 

of intervening skin is vulnerable to ischemia, and care 
must be taken to ensure viability.

• Type IV: Removal of the nipple-areola complex with an 
inverted or reduction pattern skin incision, suitable for 
large or ptotic breasts. This reduction of an excessive skin 
envelope is referred to as a skin-reducing mastectomy in 
contemporary terms. The degree of skin reduction must 
be carefully measured and marked preoperatively.

20.2.2  Mastectomy

The patient should be positioned supine on the operating 
table with arms at 90° on arm boards. The prepped operative 
field should include both breasts from above the sternal 
notch to the just below the costal margins. We include both 
arms prepped to the level of the wrist and then enclosed in a 
sterile sleeve to the mid-humerus level and secured with a 
circumferential wrap. After incision of the skin and dermis, 
electrocautery can be used to elevate the skin flaps. We use 
the pinpoint coagulation mode. Some surgeons prefer to use 

a b c

Fig. 20.1 Use of MRI in patient selection for skin-sparing mastec-
tomy. (a) MRI showing extensive mass enhancement in close proximity 
to the skin in the lower pole of the breast. (b, c) MRI post-skin-sparing 

mastectomy for ductal carcinoma in situ with implant reconstruction 
demonstrating evidence of residual areas of calcifications and 
enhancement

Type I Type II Type III Type IV

Fig. 20.2 Types of incision for skin-sparing mastectomy based on Carlson classification (Reproduced with permission from Chapter 2: Oncoplastic 
Breast Surgery: A Guide to Clinical Practice Edition 1: 2010. Pages 134 -135. Editors: Florian Fitzal and Peter Schrenk. Published by Springer 
Wien New York (ISBN: 978-3-211-99316-3.)
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a scalpel or scissors due to concern over the risk of “burn” 
injury to the mastectomy skin flap.

Much debate and agonizing have taken place over the opti-
mal mastectomy skin flap thickness that would minimize the 
risk of leaving residual breast tissue while not denuding the 
skin flap of its blood supply. The skin flap thickness is depen-
dent on the patient body habitus and breast size, and, simply 
put, a single specific universal thickness for mastectomy skin 
flaps cannot be recommended [7]. However, in a skin-sparing 
mastectomy, the skin flaps are longer than in a non-skin-spar-
ing mastectomy. Maintaining flap viability is therefore impor-
tant to reduce the risk of a poorer cosmetic outcome that may 
result from scarring after necrosis, and due to the risk of 
implant loss, which is increased with the development of flap 
necrosis. Breast tissue does extend closer to the skin in the 
lower pole of the breast. In most cases, there is an identifiable 
plane between the breast and subcutaneous fat delineated by 
a distinct layer of superficial fascia. The thickness of this 
layer is variable and difficult to predict preoperatively.

Elevation of the skin flaps initially with sharp hooks 
allows counter traction to be applied to the underlying breast 
that reveals the surgical plane of dissection. Encountering 
excessive bleeding indicates that the dissection is not in the 
correct anatomical plane. The plane of dissection extends 
from the sternal edge medially to the latissimus dorsi later-
ally, and from the clavicle to the inframammary fold in the 
cranio- caudal direction. In contrast to a traditional simple 
mastectomy where dissection proceeds logically, from the 
upper flap to the lower flap, in a skin-sparing mastectomy, 
the smaller incision requires progressive rising of the skin 
flaps in a circumferential manner. At the sternal edge, it is 
common to encounter perforating vessels from the internal 
mammary artery, the largest in the second or third intercostal 
spaces. If injured, these vessels should be ligated or clipped 
due to their size; however, they represent an important part of 
the blood supply to the mastectomy skin flaps, and every 
effort should be made to preserve these perforators. When 
circumferential elevation of the skin flaps has been com-
pleted, the breast and pectoral fascia are dissected off the 
pectoralis muscle fibers from superior to inferior.

20.2.3  Reconstruction

A variety of both implant-based and autologous reconstruc-
tive options are available for immediate reconstruction after 
a skin-sparing mastectomy. The choice of reconstruction will 
be based on a range of both patient and surgeon factors.

20.2.3.1  Two-Stage Expander-Implant-Based 
Reconstruction

Placement of a submuscular tissue expander underneath the 
pectoralis major muscle reinforced laterally with a pocket 

created in serratus anterior allows for a gradual expansion of 
the implant pocket prior to the definitive placement of a 
permanent implant at a second operation.

20.2.3.2  One-Stage Implant Reconstruction 
with Acellular Dermal Matrix

In suitable patients, a one-stage or direct-to-implant strategy 
may be used. This incorporates the use of a commercially 
available acellular dermal matrix to provide coverage of the 
permanent implant. After creation of the submuscular pocket 
to accommodate the implant, the lower divided edge of 
pectoralis major is approximated to the acellular dermal 
matrix, and the lower, free edge of this is then used to 
refashion the inframammary fold. The benefit of this 
approach is that it negates the need for a second procedure. 
Multiple studies have found the risk of complications with a 
one-stage approach comparable to those with a two-stage 
strategy [8].

20.2.3.3  Implant Reconstruction 
with a De-Epithelialized Dermal Flap

This represents a skin-reducing mastectomy whereby the 
excess skin of the lower pole is de-epithelialized and then 
fashioned as a dermal sling to provide implant coverage. The 
upper edge of this de-epithelialized skin flap is then sutured 
to the lower divided edge of pectoralis major. These patients 
usually require a symmetrizing contralateral procedure, the 
timing of which can be adjusted based on the predicted need 
for adjuvant radiotherapy [9].

20.2.3.4  Autologous Breast Reconstruction
A pedicled flap, such as a TRAM or LD, or a free flap, such 
as a DIEP, can be utilized for reconstruction. In these cases, 
we elect to perform the mastectomy through a circumareolar 
incision.

These concepts and techniques are discussed in more 
detail in Sect. 20.4.

20.3  Complications

Aside from the instinctive complications associated with 
simple mastectomy, most attention on complications 
following skin-sparing mastectomy is directed toward the 
risk of skin flap necrosis. In the 1997 paper that classified the 
incision types for skin-sparing mastectomy, Carlson et  al. 
noted epidermolysis or skin loss requiring debridement and 
local wound care in 10.7% of 327 skin-sparing mastectomies, 
a rate that was the same as that seen in patients undergoing 
non-skin-sparing mastectomy [6]. The subsequent literature 
assessing the risk of skin flap necrosis is somewhat 
inconsistent due to differing definitions of mastectomy skin 
flap necrosis. Contemporary studies still report rates in 
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excess of 10% for any degree of skin flap necrosis, with 
somewhere in the range of 2–10% of patients requiring a 
return to the operating room for surgical debridement [10–
12]. The implications of mastectomy skin flap necrosis can 
be considerable, requiring additional operations, prolonged 
wound management, reconstruction failure, and implant loss 
as well as causing delays in beginning adjuvant systemic 
therapy if indicated.

A variety of both patient factors (smoking, older age, obe-
sity, smoking, hypertension) and surgeon factors (type of 
incision: higher rates of skin flap necrosis are seen with a 
Wise-type incision and volume of tissue expander) have 
been identified as risks for the development of mastectomy 
skin flap necrosis [11–16]. The native breast size is an impor-
tant factor in determining the type of reconstruction selected, 
but also affects the complication rate. In patients undergoing 
an implant-based reconstruction, surrogates of breast size 
including BMI [17], cup size [18], weight of excised speci-
men, increased size of expander, and increased sternal notch 
to nipple [12, 14] length all reflect the presence of a longer 
mastectomy skin flap that has been shown to be associated 
with an increased risk of skin flap necrosis. Rates of implant 
loss following immediate reconstruction range from 0.8% in 
multi-institutional datasets [19] to anywhere between 0.7% 
[12] and 12% [20, 21] in single-institutional studies.

20.4  Cosmetic Outcome

Mastectomy and reconstruction, irrespective of the type, can 
exert a profound impact on a woman’s sense of self and body 
image. A variety of measurement tools have been used to 
assess patient-reported outcomes after mastectomy and 
reconstruction, ranging from ad hoc questionnaires to gen-
eral breast cancer quality-of-life questionnaires to some 
breast surgery-specific instruments [22]. The Breast-Q mea-
surement tool [23], first described in 2009, provides a useful 
and validated framework to assess the impact and effective-
ness of breast surgery from the patient’s perspective. It is 
administered both preoperatively and postoperatively, and 
assesses both quality-of-life and patient satisfaction domains.

Studies have consistently shown that patients who have 
mastectomy without reconstruction report the lowest score 
for breast satisfaction postoperatively [24]. The 2010 meta- 
analysis of skin-sparing mastectomy acknowledged the 
problems in reporting differences that have made study com-
parisons between quality-of-life and cosmetic satisfaction 
outcomes difficult [25]. A number of studies have demon-
strated excellent cosmetic outcomes following skin- sparing 
mastectomy. The degree of satisfaction is heavily influenced 
by the type of reconstruction employed [26–28].

20.5  Oncologic Safety

When performing a skin-sparing mastectomy, most sur-
geons remove all the breast tissue that they would have 
removed with a non-skin-sparing mastectomy. This premise 
would suggest that skin-sparing mastectomy should be as 
safe from an oncologic perspective as a non-skin-sparing 
mastectomy. It has long been acknowledged that even a tra-
ditional total mastectomy does not remove all breast tissue. 
A number of studies incorporating varying methodologies, 
from cadaveric analysis to intraductal dye injection of mas-
tectomy specimens and biopsy of residual skin flaps follow-
ing mastectomy, have demonstrated the presence of residual 
breast tissue in anywhere between 6% and 60% of cases 
[29–32]. These studies do support the hypothesis that the 
risk of superficial mastectomy margin positivity is increased 
with thicker skin flaps, but do not provide a reliable quanti-
fication of what constitutes an ideal skin flap thickness. As 
our understanding of the molecular basis for breast cancer 
expands, it is appreciable that biological subtype is not only 
a predictor of distant disease recurrence, but also of local 
recurrence [33].

No randomized study of skin-sparing versus non-skin- 
sparing mastectomy has been performed. The adoption of 
the technique into routine practice has been on the basis of a 
number of comparative and non-comparative studies. 
Comparative studies up until 2009 were synthesized in a 
meta-analysis by Lanitis et  al. [25]. There is considerable 
heterogeneity between the studies in terms of duration of 
follow-up, inclusion criteria, and patient populations studied. 
Table 20.1 [6, 28, 34–38] and Table 20.2 [39–48] provide an 
overview of some of the larger comparative and non- 
comparative trials that have examined locoregional 
recurrence, in patients with breast cancer, following skin- 
sparing mastectomy.

The majority of comparative studies recruited patients in 
the 1990s, and considerable advances have been made in 
adjuvant systemic therapies since that period, which may 
have further influence on local recurrence rates. This may 
partly explain the lower rate of recurrence at 4.1% seen in 
the series of non-comparative studies that were performed 
in a more contemporary period. Taken in conjunction, at a 
follow-up of around 5  years, a local recurrence rate of 
<6.0% should be expected for a properly selected patient 
with breast cancer electing to undergo a skin-sparing mas-
tectomy. A Cochrane review of skin-sparing mastectomy is 
underway, but is unlikely to be in a position to draw further 
conclusions than previous reviews in the absence of either 
contemporary comparative studies or reports on already-
studied cohorts that review longer term (10- or 15-year) 
local recurrence rates. One study with 10-year follow-up 
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identified an average time to locoregional recurrence of 
24 months, with 13% of locoregional recurrences occurring 
after 5  years of follow-up [47]. The already published 
 non-randomized studies with average follow-up periods of 
around 5 years are likely to have captured the majority of 
local recurrence events; there is scope for further reporting 
of long-term recurrence rates given the paucity of random-
ized control trials.

20.6  Conclusion

Skin-sparing mastectomy has been accepted as an oncologi-
cally safe procedure for appropriately selected patients pro-
ceeding to either therapeutic or risk-reducing mastectomy. 
Preservation of the skin envelope and inframammary fold 
considerably enhances the cosmetic outcome with immediate 
breast reconstruction.
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Nipple-Sparing Mastectomy

Damian McCartan and Virgilio S. Sacchini

21.1  Introduction

Nipple-sparing mastectomy, also referred to as total skin- 
sparing mastectomy, involves the removal of all glandular 
breast tissue with conservation of the skin of the breast, the 
nipple-areolar complex (NAC), and the inframammary fold. 
It represents advancement on skin-sparing mastectomy in an 
attempt to maximize the cosmetic outcome following mas-
tectomy. A variety of factors underlie the recent increase in 
mastectomy rates for women with early breast cancer [1, 2]. 
Increasing use of MRI [3], patient factors such as family his-
tory [4], and improved access to testing for deleterious 
BRCA1/2 mutations are only some of the factors that have 
contributed to an increase in the utilization of mastectomy. 
Evaluation of nipple-sparing mastectomy focuses attention 
on the risk of occult tumor involvement of the NAC in 
patients undergoing therapeutic mastectomy, the risk of NAC 
necrosis and loss in the early postoperative period, and the 
long-term risk of tumor recurrence in therapeutic cases or the 
development of tumor in the preserved NAC in patients who 
undergo the procedure prophylactically.

21.2  Indications and Selection Criteria

The estimated risk of the development of breast cancer by 
the age of 70 years is 55–65% for women with a deleterious 
BRCA1 mutation and 45% with a BRCA2 mutation [5]. 
Four prospective studies have demonstrated that bilateral 
risk-reducing mastectomy leads to a highly significant reduc-
tion in the risk of breast cancer in these women [6]. While 
alternative risk-reduction strategies, such as chemopreven-
tion and regular surveillance, do exist, approximately half of 
these women will elect for risk- reducing surgery [7]. When 

evaluating these patients for suitability for a nipple-sparing 
mastectomy, only patient factors need to be assessed given 
the absence of a known breast cancer. Relative contraindica-
tions to nipple-sparing mastectomy include smoking history, 
larger breast size, and grade 3/4 ptosis.

The estimated risk of identifying an occult cancer at the 
time of prophylactic mastectomy is approximately 5%. 
Most high-risk, known mutation carriers will have under-
gone an MRI in the 1-year period prior to surgery. MRI has 
a high negative predictive value for excluding invasive 
breast cancer. If a patient has had a recent diagnostic breast 
MRI that has not shown any evidence of concern, we do not 
perform sentinel node biopsy at the time of mastectomy [8]. 
However, in patients who proceed to surgery and have not 
had an MRI, it is justifiable to include a sentinel lymph node 
biopsy due to the risk of finding an occult breast cancer on 
final pathology, similar to the rationale for sentinel lymph 
node biopsy for cases of ductal carcinoma in situ treated 
with mastectomy.

In patients with a known breast cancer who are consider-
ing nipple-sparing mastectomy, a number of tumor factors 
should be considered in the preoperative phase. Cases with 
clinical evidence of skin or nipple involvement, including 
symptoms of bloody nipple discharge, are not suitable for 
nipple-sparing mastectomy. As experience with nipple- 
sparing mastectomy has grown, the eligibility criteria have 
expanded in terms of tumor proximity to the nipple [9]. 
Early reports had a threshold requiring a minimum 2 cm dis-
tance of tumor from the NAC based on ultrasound and mam-
mographic assessment [10]. Many institutions now 
selectively use MRI if the tumor or calcifications appear 
close to the NAC on clinical or radiological assessment. 
Routine MRI is not necessary for all cases of nipple-sparing 
mastectomy. Tumor-to-NAC distance as measured by MRI 
is an important predictor of occult NAC on final pathology 
[10]. Our current threshold is that patients with tumor or 
microcalcifications less than 1  cm from the NAC are 
excluded. These criteria are based on non-randomized data 
and surgeon experience.
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Most authors report that both erectile function and the 
sensitivity of the nipple are reduced following nipple-sparing 
mastectomy, an outcome that is important to stress to patients 
when counseling them with regard to postoperative 
expectations.

21.3  Surgical Technique

A variety of skin incisions have been adopted through which 
to perform a nipple-sparing mastectomy. The most com-
monly described are (1) inframammary, (2) periareolar (infe-
rior or superior) with radial extension if required, (3) radial 
incision, or (4) lateral incision (Fig. 21.1). In our experience, 
the most commonly used approach is a periareolar incision 

with a short lateral extension. When closing the skin inci-
sion, great care is taken to avoid deviation and lateralization 
of the NAC, which has been cited as a problem with the peri-
areolar approach. Prior to incision, we use focused tumes-
cence by injecting 10 mL of saline into the retroareolar tissue 
saline to help develop the plane of dissection between the 
breast tissue and the NAC. Care is taken to include only 
25–30% of the circumference of the areola in the incision, as 
more extensive periareolar incisions increase the potential of 
NAC necrosis [11]. Initial elevation of the skin flaps with 
sharp, hooked retractors allows the commencement of the 
dissection in the mastectomy plane through the lateral exten-
sion to improve access to the retroareolar tissue.

In common with most authors who have reported their 
technique, we strictly use sharp dissection, in our case, 

Periareolar with lateral extension Transareolar with lateral extension

Inframammary creaseTransareolar/transnipple

a b

c d

Fig. 21.1 Possible skin incisions through which to perform a nipple-sparing mastectomy
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with scissors, when dissecting the retroareolar ducts. The 
lactiferous ducts are dissected out of the nipple, and care is 
taken not to fully expose the dermal plane at this level. We 
aim to preserve a 3 mm rim of nipple tissue to prevent 
NAC necrosis. It is mandatory to carry out a histological 
assessment of the retroareolar margin in these cases. In 
therapeutic cases, we use a frozen section, while in pro-
phylactic cases, the separately submitted retroareolar mar-
gin is sent for routine histological analysis. The presence 
of either in situ or invasive cancer in the separately submit-
ted retroareolar margin requires excision of the 
NAC. Areola-sparing mastectomy, where in cases of ret-
roareolar margin positivity, the nipple is removed but the 
areola spared followed by a purse-string closure of the 
nipple defect, has been described. However, there are no 
data to justify this approach, and the concept does not 
appear oncologically sound.

When the subareolar tissue has been completely dis-
sected, it is safe to revert to electrocautery for the remainder 
of the mastectomy, acknowledging that some surgeons prefer 
to use sharp dissection—sometimes coupled with tumes-
cence—for the entire elevation of the skin flaps. Neither 
approach seems superior in terms of reducing postoperative 
morbidity [12].

Proponents of an inframammary approach point to the 
hidden scar as the main benefit. Dissection in these cases 
proceeds retro-glandular, initially taking care not to enter a 
retropectoral plane of dissection at the lower border of 
pectoralis major. Access to the upper outer quadrant and 
accurate transection of the axillary tail can prove taxing with 
this approach. A lighted retractor and an extended 
electrocautery tip are useful in completing the elevation of 
the mastectomy skin flaps at the periphery of the breast, 
irrespective of the incision chosen. A judicious use of gentle 
traction of the skin flaps during the mastectomy may prevent 
small capillaries from breaking and help to preserve the 
blood supply to the mastectomy skin flap.

The reconstructive options following nipple-sparing mas-
tectomy are similar to those following skin-sparing mastec-
tomy. In the majority of cases, we adopt a tissue expander as 
the reconstruction of choice. The use of a direct- to- implant 
or autologous reconstruction involves the use of a higher vol-
ume when compared to a tissue expander, increasing pres-
sure on the NAC and mastectomy skin flap, and increasing 
the possibility of necrosis.

The most common factors that have been associated with 
pathological involvement of the nipple include the size and 
location of the tumor, and the distance of the tumor from the 
nipple as well as the presence of axillary nodal metastasis 
[13–15]. One recent series identified that the rate of 

pathological nipple involvement with either ductal carcinoma 
in situ or invasive cancer was 5.1% in over 600 therapeutic 
cases of nipple-sparing mastectomy, comparable to the 6.4% 
rate in a 2013 meta-analysis [9, 16].

21.4  Complications

The same concern over mastectomy skin flap necrosis 
and implant loss seen with skin-sparing mastectomy 
exists with nipple-sparing mastectomy, with the added 
concern over NAC necrosis. A recent prospective study 
found that the use of a nipple-sparing technique was an 
independent risk factor for mastectomy skin flap necrosis 
in a series of 606 mastectomies with immediate recon-
struction [17]. Overall, the early postoperative risks fol-
lowing nipple-sparing mastectomy are higher than those 
for skin-sparing mastectomy [18]. In larger series, rates 
of major skin flap necrosis requiring operative debride-
ment of 3–7% have been described [9, 19, 20]. The esti-
mated rate of implant loss following nipple-sparing 
mastectomy in 16 studies involving a total of 2343 breast 
reconstructions was 3.9%, similar to our own recent 
experience [16, 20].

Necrosis of the NAC can range from a mild, temporary 
epidermiolysis that resolves with no long-term sequelae, to 
complete necrosis mandating return to the operating room 
for debridement with loss of the NAC (Fig. 21.2). Reported 
rates of NAC necrosis range from 1% to 41%. A recent esti-
mate of a 2.0% rate of NAC loss was provided by a systemic 
review of outcomes following nipple-sparing mastectomy in 
21 studies [21]. Table 21.1 [9, 20, 22–25] outlines the early 
postoperative outcome in selected studies that have specifi-
cally reported short-term outcomes with regard to postopera-
tive complication. The average rate of early implant loss in 
these studies was 8%, a risk that is important to outline to 
patients preoperatively.

A technique does exist to allow intraoperative skin perfu-
sion assessment using laser-assisted indocyanine green angi-
ography (SPY Elite®) (Novadaq, Bonita Springs, FL) [26]. A 
specialized infrared camera-computer system is used to 
identify patterns of perfusion of the NAC, three of which 
have been described. The highest rates of ischemic compli-
cations were seen when perfusion appeared to originate pre-
dominantly from the underlying breast tissue. However, the 
clinical utility of this technology has yet to be clearly defined; 
further studies are required to determine if subgroups of 
patients in whom its use may be beneficial, in terms of aiding 
intraoperative decisions in a cost-effective manner, can be 
characterized (Fig. 21.3).

21 Nipple-Sparing Mastectomy



268

Table 21.1 Nipple-areola necrosis and implant loss following nipple-sparing mastectomy

Study/year Country Study period No. of procedures Partial NAC necrosis (%) NAC loss (%) Implant loss (%)
Crowe (2008) [22] USA 2001–2007 149 2.6 1.3 –
Kim (2010) [23] Korea 2001–2006 115 13.0 9.6
Radovanovic (2010) [24] Serbia 2004–2008 214 – 2.5 5.6
Manning (2015) [20] USA 2005–2013 177 7.3 4.5 3.5
Wang (2014) [9] USA 2005–2012 981 5.0 2.1 8.2
Warren Peled (2012) [25] USA 2001–2010 657 2.0 1.5 9.9
Total 2293 4.5 2.5 8.1

NAC nipple-areolar complex

a b

c d

e f

Fig. 21.2 Complications of nipple-areola necrosis following nipple- 
sparing mastectomy. (a) Partial nipple necrosis resulting in loss of a 
portion of the NAC. (b) The resulting poor cosmetic outcome of the 
NAC following final implant exchange. (c) Complete nipple necrosis 
leading to loss of the entire NAC. (d) The final result, after removal of 

the complete nipple necrosis in (c) following implant exchange. (e) 
Close-up image of partial nipple necrosis. (f) Appearances of partial 
nipple necrosis at 4 months postoperatively (Courtesy of Dr. Virgilio S. 
Sacchini, Memorial Sloan Kettering Cancer Center, New York, NY, 
USA)
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21.5  Cosmetic Outcome

One of the theories underpinning nipple-sparing mastec-
tomy is that among women, NAC preservation results in 
higher psychological satisfaction and the perception of less 
mutilation. There are few studies that have used validated 
patient outcome instruments to compare aesthetic outcomes 
between nipple-sparing and skin-sparing mastectomy. 
Survey-reported outcomes do suggest that preservation of 
the NAC is associated with improved patient satisfaction, 
body image, and psychological adjustment when compared 
to patients who had completed nipple-areolar reconstruc-
tion following mastectomy [27]. After a follow-up period 
of over 2 years, both “satisfaction with breasts” and “satis-

faction with outcome” scores as assessed by the Breast-Q 
Patient Reported Outcomes Instrument were similar 
between 40 patients undergoing either skin-sparing mastec-
tomy or nipple-sparing mastectomy as a risk-reducing pro-
cedure [28]. A range of disease (more-advanced stage), 
patient (BMI, socioeconomic status), and surgical variables 
(implant versus autologous reconstruction) are known to 
effect ensuing patient-reported outcomes after mastectomy. 
Following nipple-sparing mastectomy, the majority of 
patients do report satisfaction with nipple appearance and 
relatively low levels of body image-related distress [28, 
29]. Studies that have assessed NAC sensitivity following 
nipple- sparing mastectomy have confirmed that most 
women have objectively minimal or absent sensation fol-
lowing surgery [28, 30]. Other areas of dissatisfaction that 

a b

c d

Fig. 21.3 Application of intraoperative skin perfusion assessment. (a) 
Skin flap vessels marked preoperatively following indocyanine green 
angiography. (b) Example of good perfusion values following nipple- 
sparing mastectomy via lateral incision prior to implant placement. (c) 
Skin incisions can be adjusted to avoid larger skin flap vessels identified 

on pre-incision angiography. (d) Poor perfusion of nipple areola com-
plex following nipple-sparing mastectomy after indocyanine green 
angiography (SPY Elite®) (Courtesy of Dr. Virgilio S.  Sacchini, 
Memorial Sloan Kettering Cancer Center, New York, NY, USA)
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are reported following nipple-sparing mastectomy include 
disappointment with the position of the NAC, a reduction 
in sexual pleasure, hypersensitivity of the preserved NAC 
when touched, and loss of erection of the nipple. These 
grievances stress the importance of thorough preoperative 
counseling when appraising the motivations and prefer-
ences of patients (Fig. 21.4).

As with skin-sparing mastectomy, the use of postmastec-
tomy radiotherapy does negatively impact the longer-term 
cosmetic outcome following nipple-sparing mastectomy; 
this is discussed further in Chap. 59 [31].

21.6  Oncologic Safety

As with skin-sparing mastectomy, the long-term onco-
logic outcomes for nipple-sparing mastectomy are not 
yet well established. There are, to date, no randomized 
trials examining rates of local recurrence, and, based on 
the low event rates in published retrospective cohorts to 
date, it is unlikely that such a trial will ever take place. 
Many of the cohorts on which oncologic outcomes have 
been reported to date have yet to reach the maturity of 
5 years of follow-up that we have come to expect in breast 

a

c d

b

Fig. 21.4 Examples of final cosmetic outcomes following nipple- 
sparing mastectomy. (a, b) Anterior and lateral views at 2  years 
following nipple-sparing mastectomy via inframammary crease 
incision. (c, d) Anterior and lateral views 3  years following nipple- 

sparing mastectomy via inframammary crease incision (Courtesy of Dr. 
Virgilio S.  Sacchini, Memorial Sloan Kettering Cancer Center, 
New York, NY, USA)
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surgical oncology. Well-defined reporting of the onco-
logic outcomes will need to continue through either can-
cer registry data or thorough, updated reports from single 
institutions to confirm that the low rates of local recur-
rence are consistent through future years of follow-up. 
Table 21.2 [10, 21, 23, 31–39] contains details of 12 stud-
ies of therapeutic (including both invasive cancer and 
ductal carcinoma in situ) nipple-sparing mastectomy that 
have accrued an average follow-up of 4 years or more. 
The average local-regional recurrence rate reported is 
6.6%, comparable to the 5.7% rate seen with skin-sparing 
mastectomy as mentioned in the previous chapter. These 
account for recurrences both in the preserved NAC and in 
the residual skin envelope. There are considerably more 
reports of outcomes less than 4 years, and as these cohorts 
mature, ongoing reporting of the longer-term local recur-
rence outcomes will be required to allow continued eval-
uation of the oncologic safety of nipple-sparing 
mastectomy.

The employment of electron intraoperative radiotherapy 
as an adjunct with the aim of reducing local recurrence is 
described in Chap. 15.

21.7  Conclusion

Nipple-sparing mastectomy has entered the realm of 
everyday breast surgical oncology. The technique, applied 
to properly selected patients, can provide excellent cos-
metic outcomes and greatly enhance overall patient satis-
faction postmastectomy. Patients need to be thoroughly 
counseled through preoperative planning to cover the risks 
of NAC loss either on the basis of a positive retroareolar 

margin assessment or due to ischemic complications. It is 
important to ensure patients understand that, while prom-
ising, data pertaining to oncologic outcome both for thera-
peutic and prophylactic procedures do not yet cover 
long-term outcomes and that the absolute reduction in risk 
is not 100%.
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Preoperative Planning for Oncoplastic 
Surgery

Cicero Urban, Mario Rietjens, and Mahmoud El-Tamer

22.1  Introduction

Oncoplastic surgery (OP) represents an important evo-
lution in breast cancer treatment. It allows better 
aesthetic- functional outcomes and an improvement of the 
psychological aspects of patients with breast cancer, broad-
ening indications for breast-conserving treatment (BCT). 
The various techniques for immediate partial breast recon-
struction must be dealt with case by case so the best results 
concerning the aesthetic-functional binomial and symme-
try can be achieved. Considering delayed reconstructions, 
results are generally inferior to those obtained in imme-
diate ones, and in many cases major surgical procedures 
are required. Therefore, the emphasis of this new phase in 
breast surgery must be on immediate reconstruction associ-
ated with the transversal integration between oncologic and 
aesthetic concepts [1–17].

However, the risk of local recurrence after a BCT is hard 
to be completely discharged. A local failure might reflect a 
disease with more aggressive biology, as well as a new pri-
mary tumor or even a failure in the treatment. These failures 
may occur as a consequence of selection of patients or inad-
equate treatment, but they tend to lower after the use of high-
quality image testing, adjuvant radiotherapy and systemic 
treatment, and surgical excisions with negative margins [18, 
19]. Concerning this last point, the surgeon daily faces the 

dilemma of performing resections with wide margins, aiming 
to reach ideal oncologic control and, at the same time, not 
remove too much breast tissue, which could result in major 
deformities or asymmetry between the breasts. If locore-
gional control represents the main target of oncologic surger-
ies, aesthetical outcomes are the basic principle in BCT.

A way to reduce this conflict is to apply plastic surgery 
techniques to oncology breast surgery. This concept, which 
has been tailored in some centers in Europe, the USA, and 
Brazil in the 1980s, is based on three fundamental points: 
ideal oncology surgery, ipsilateral reconstruction, and imme-
diate contralateral symmetry applying plastic surgery tech-
niques [1–17]. Therefore, it allows for more extensive 
resections in BCT, and it does not cause severe damage to 
final aesthetic outcomes [20, 21]. The focus of OP, as well of 
other techniques, like sentinel node biopsy, is to improve 
patients’ quality of life through treatments that can be more 
effective and less aggressive.

Then, this chapter will deal with OP planning in early 
breast cancer, which is as important as operative time for this 
surgery. Both are fundamental to achieve the best oncologi-
cal and aesthetical outcomes and reduce/avoid decision and 
technical errors in this kind of surgery.

22.2  Patient Selection

OP is more complex and time-consuming than lumpectomy 
and quadrantectomy. Thus, selection of patients from onco-
logical, aesthetical, and psychological point of view is criti-
cal. All attempts should be made to minimize the risk of 
positive margins, which are difficult and sometimes impos-
sible to reassess in a second surgery, and to reduce and pre-
vent complications that may delay adjuvant treatments. In 
addition, patients strongly motivated to preserve their breasts 
better tolerate this kind of surgery. Therefore, there are some 
established indications for OP in BCT, the main ones are for 
patients with more than 20% of volume of mammary resec-
tion, and specially in the cases of macromastia, where results 
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from skin-sparing or nipple-sparing mastectomy are usually 
unsatisfactory and OP approach may also favor radiotherapy 
planning [22]. Current indications and limits of OP in BCT 
are in Table 22.1.

22.3  Preoperative Planning

It is essential that the choice of OP techniques in BCS 
depends on elements related to the tumor location, size and 
multifocality/multicentricity, characteristics of the breast, 
and clinical evaluation of the patient. Although the only sig-
nificant element referred as an aesthetical risk in BCS in 
Cochrane evaluation was the volume of breast resection over 
20%, in clinical practice there are other individualized risk 
factors that should be observed [22]:

• Tumor size
• Multicentricity and multifocality
• Location of tumor and proximity with skin
• Distance between tumor and nipple areola complex 

(NAC)
• Previous and future radiotherapy
• Previous mammoplasty
• Volume and shape of the breast
• Level of mammary ptosis and breast asymmetry
• Liposubstitution level

In some circumstances, associated clinical conditions 
may influence on the choice of the most appropriate 
technique. Diabetic patients, tobacco addicts, those with 
collagen diseases, and those above 70 years old are subject to 
risks concerning unsatisfactory aesthetic results and higher 
skin healing complication risks. Major resections and wide 
NAC dislocations may bring risks of fat necrosis and of par-
tial or total NAC losses [22].

The ideal location for a tumor is within the wise resection 
area or inside the mammoplasty area. When the tumor is close 

to the skin and out of this area, the OP procedure may be more 
complex, and it may require combined or non- conventional 
techniques, whose results are not always satisfactory. In such 
cases skin-sparing or nipple-sparing mastectomy should be 
considered as an option, as well as in the cases that a major 
resection of the skin is needed. Flaps as the one from the latis-
simus dorsi, which has a different color and texture from the 
breast, usually bring unsatisfactory results and therefore 
should be considered as an exception [22].

High-volume breasts, with severe ptosis, allow for surger-
ies with wider margins and usually bring more satisfactory 
results. Patients with macromastias present a formal indica-
tion for OP due to better radiotherapy planning. In cases of 
previous breast augmentation surgeries, it is necessary to take 
into consideration that the breast volume is not the real one, 
and consequently some considerable deformities may result. 
The biggest problem concerning OP is dealing with young 
patients, with conic breasts, without mammary ptosis, and 
with low- or medium-volume ones. In such cases, according 
to the location or tumor size, local flaps offer a little chance of 
good results, so skin-sparing or nipple-sparing mastectomy 
with immediate reconstruction may be the best choice [22].

OP decision is based on oncological and aesthetic concepts 
and principles, so a structured guideline is not possible to assist 
all cases with all involved variables, but it can help the deci-
sion-making process. Basically, the flowchart for OP planning 
should be taken according to the features of the patient’s breast 
and the tumor size and location (Figs. 22.1 and 22.2) [22].

Table 22.1 Indications and relative contraindications for oncoplastic 
surgery in breast-conserving surgery

Indications
•  Resections over 20% of breast volume
•  Macromastia
•  Severe ptosis and asymmetry
•  Need for large skin resections inside mammoplasty area
•  Central, medial, and inferior tumors
•  Previous plastic surgeries in the breast
Relative contraindications
•  Extensive tumors located in medial regions
•  Low-volume breasts without ptosis
•  Previously irradiated breasts
•  Large skin resections beyond the mammoplasty area
•  Tobacco addiction and uncontrolled diabetes
•  Exaggerated patient’s expectations with aesthetic results

3

1

2
5

4
6

7
1 =  Superomedial
2 =  Inferomedial
3 = Superior
4 = Central
5 = Inferior
6 = Superolateral
7 = Inferolateral

Fig. 22.1 Breast quadrants in oncoplastic surgery
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22.4  Immediate Partial Breast 
Reconstruction Techniques

22.4.1  Class I Techniques

22.4.1.1  Planning for Glandular Flaps
Class I techniques consist of moving glandular flaps 
around the defect caused by classical quadrantectomy 
or lumpectomy resections, in an attempt to cover it. It 
is preferentially indicated for premenopausal patients, 
when the glandular component of the breast is higher, 
therefore reducing the risks of liponecrosis in the post-
operative period. These techniques are also more indi-
cated in cases of tumors located in the upper quadrants, 
where mammary gland is less thick. Even if there is a 
small filling defect, such a defect is not so visible. The 
opposite effect happens in the lower quadrants, where 
the mammary gland thickness is more important, and if 
some specific techniques are not applied, the resulting 
aesthetic defect may be disastrous. Glandular reshap-
ing in lower portions of the breast is possible for small 
tumors, in vertical or oblique ways. Planning for the 
position of the incisions should consider the quadrant 
of tumor location and proximity to skin (Figs.  22.3 
and 22.4).

22.4.1.2  Planning for Central Quadrant 
Techniques

This represented a great innovation in early days of BCT, as 
up to some years ago having a retroareolar neoplasia was syn-
onymous of mastectomy. Immediate breast reconstruction 
techniques for central quadrant resections may vary accord-
ing to breast volume, level of ptosis, and shape of ptosis 
(either vertical or lateral). Considering breasts without ptosis 
or with slight ptosis, it is possible to use the glandular suture 
in tobacco purse string. Two or three layers of glandular 
suture allow for obtaining the central projection of the mam-
mary cone, and the intradermal suture also in tobacco pouch 
would produce a residual scar within the area where the future 
nipple and areola complex would be reconstructed, therefore 
causing the scar to disappear almost completely (Fig. 22.5). 
The only disadvantage of this technique is that there isn’t 
good confrontation of the coetaneous edge and consequently 
there might be some delay in the healing process.

Considering large breasts with oblique ptosis, it is pos-
sible to use a technique, originally described by Grisotti, 
derived from the reductive mammoplasty techniques based 
on rotation of infero-lateral glandular pedicle, preserving a 
dermal island that replaces NAC (Fig. 22.6). This might be 
the first OP technique described in the literature, as it was a 
direct adaptation of plastic surgery techniques to BCT [23].

Inferior pedicle

No

Yes

Ptosis?

Round block

Superior
quadrants 

Central
quadrant 

Inferior
quadrants 

Grisotti or breast
reduction 

No

Yes

Ptosis?

Tobacco purse
string 

Superior pedicle

No

Yes

Ptosis?

Round block

Small breasts? Consider
mastectomy and IBR 

Small breasts? Consider
mastectomy and IBR 

Small breasts? Consider
mastectomy and IBR 

Fig. 22.2 Decision planning 
flowchart in oncoplastic 
surgery. IBR immediate breast 
reconstruction
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Fig. 22.3 Class I glandular flaps: skin incisions and glandular reshaping

Fig. 22.4 Class I glandular reshaping for superior quadrants tumors
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Fig. 22.5 Central quadrant planning for tobacco purse string suture and for dermoglandular flaps

22.4.2  Class II Techniques

22.4.2.1  Planning for Periareolar Techniques
These class II techniques are inspired by reductive mammo-
plasty techniques proposed by Sampaio-Góes [24] and 
Benelli [25], in which a major glandular coetaneous under-
mining procedure for remodeling through a periareolar scar 
is performed. It is indicated for cases of small- or medium-
volume breasts and with slight or medium ptosis. The great 
advantage of these techniques is that it allows for a tumorec-
tomies in any part of the breast.

The preoperative drawing is done with the patient 
standing up, and basically it is necessary to calculate only 
two points (A and B). Point A represents the position of 
the upper edge of the areola, which can be calculated by 
different methods. The simplest method is that this point 
corresponds to the transition from the superior 2/3 of the 
arm to the inferior 1/3. Another method, proposed by 
Pitanguy [26], would be to calculate initially the future 
position of the nipple, which would be the projection of 
the tip of a finger placed in the level of the inframammary 
sulcus. Bearing in mind that the diameter of a normal are-
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Fig. 22.6 Grisotti’s flap 
planning for central quadrant 
reconstruction

ola is about 45 mm, one can calculate the radius of 23 mm 
superiorly to mark point A. Point B would be the inferior 
point of the areola, whose calculation is based on the dis-
tance between the lower point of the areola and the infra-
mammary sulcus, around 40 mm for a small breast and 
about 60 mm for a large breast, without ptosis (Fig. 22.7). 
Once these two points are obtained, it is necessary to trace 
an ellipsis, which will indicate the coetaneous removal.

22.4.2.2  Planning for Superior Pedicle 
Techniques

These techniques are based on superior vascular pedicles as 
those proposed by Pitanguy [26] or Lejour [27]. They may 
be useful in cases of tumors situated in the lower quadrants 
and are appropriate for large breasts or medium-volume 
ones with minimal to big ptosis. These techniques are simi-
lar to the ones used in aesthetic surgeries. The upper point 
of the areola (point A) is calculated as in the preceding 

technique. Point B can be obtained by drawing an inverted 
“T” of 5-4-4 cm, which originates an areola whose diame-
ter is approximately 45 mm. The superior drawing is made 
in a “mosque roof” shape in order to reduce the tension in 
point B. Vertical pillar design is made through superior-
internal and superior-external mobilization of the breast as 
described in the technique by Lejour [27]. Decision on 
whether to perform only a vertical scar or an inverted “T” 
scar will depend on the level of hypertrophy and the level 
of ptosis. Considering smaller breasts and those with less 
ptosis, it is possible to perform only a vertical scar, and 
considering cases of larger breasts with a major ptosis, an 
inverted “T” scar will avoid the coetaneous excess as the 
skin fold produced in the vertical scar. The format of the 
scar as vertical or inverted “T” can be central (more fre-
quent), medial, or lateral, according to the location of the 
tumor and the need for skin removal on the nodule aiming 
to obtain a better surgical radicalization (Fig. 22.8).
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a

b

Fig. 22.7 Round-block technique planning

22.4.2.3  Planning for Inferior Pedicle 
Techniques

These techniques are based on inferior and posterior 
vascular pedicles, as described by Ribeiro and Robbins. 
They may be applied in cases of tumors situated in the 
upper quadrants of the breast [28, 29]. Preoperative 
drawings can be made in the same way and measure-
ments of Pitanguy’s and Lejour’s techniques, with a 
periareolar scar and inverted “T” or vertical/oblique 
inferior line. The areolar pedicle is in the inferior-poste-
rior pedicle and should be drawn at least with a 6–8 cm 
of inferior base. This measurement is important to pre-
serve the posterior vessels located in the lateral edge of 
the pectoralis major muscle, which penetrate in the ped-
icle (Fig. 22.9).

22.5  Conclusions

Preoperative planning is the most important time in OP sur-
gery. It implies in two fundamental aims: organization of 
surgical steps to follow in the theater and to reduce surgical 
risks. In OP planning is essential to anticipate the size and 
location of future glandular and skin defects and NAC rela-
tions to them. Symmetry is the big challenge, and it is clear 
that with a good preoperative planning it is possible to 
achieve better oncological and aesthetical-functional out-
comes. It is the time to plan how to correct previous asym-
metries and combine it to oncological approach. And it is the 
last time for the surgeon to detect some patient’s misconcep-
tions about this kind of surgery and its limitations, which are 
bigger than aesthetic surgeries (Figs. 22.7, 22.8, and 22.9).
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a b

Fig. 22.8 Superior pedicle technique planning (tumors in inferior quadrants), with example of measurements

c d

e
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a b

c d

Fig. 22.9 Inferior pedicle technique planning (tumors in superior quadrants)
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Improving Breast Cancer Surgery: 
A Classification and Quadrant-per- 
Quadrant Atlas for Oncoplastic Surgery

Raquel F. D. van la Parra, Claude Nos, Isabelle Sarfati, 
and Krishna B. Clough

23.1  Introduction

23.1.1  Breast Conservation Limitations

Breast conservation surgery (BCS) combined with postopera-
tive radiotherapy has become the preferred locoregional treat-
ment for the majority of patients with early-stage breast 
cancer, with equivalent survival to that of mastectomy and 
improved body image and lifestyle scores. The success of 
BCS for breast cancer is based on the tenet of complete 
removal of the cancer with adequate surgical margins, while 
preserving the natural shape and appearance of the breast. 
Achieving both goals together in the same operation can be 
challenging, and BCS has not always produced good cos-
metic results in all patients. One of the limiting factors is the 
amount of tissue removed, not only in terms of absolute vol-
ume but also in relation to tumour location and relative size of 
the breast. If either of these two goals is not obtainable, mas-
tectomy is often proposed to the patient. An alternative is to 
downsize the tumour preoperatively with either chemother-
apy or hormone therapy. However, not all tumours respond to 
neoadjuvant treatment. The failure of classical BCS tech-
niques to offer solutions for challenging scenarios has stimu-
lated the growth and advancement of new techniques in breast 
surgery during the past decade.

23.1.2  Oncoplastic Surgery Defined

Oncoplastic surgery (OPS) has emerged as a new approach to 
allow wide excision for BCS without compromising the natu-
ral shape of the breast. It is based upon integration of plastic 
surgery techniques for immediate breast reshaping after wide 
excision for breast cancer. The conceptual idea of OPS is not 
new, and its oncologic efficacy in terms of margin status and 
recurrence compares favourably with traditional BCS [1–4].

Oncoplastic techniques for breast conservation range 
from simple reshaping and mobilization of breast tissue to 
more advanced mammoplasty techniques that allow resec-
tion of up to 50% of the breast volume. Our goal is to develop 
a clear classification system of oncoplastic techniques and 
outline a systematic approach for all breast surgeons to fol-
low when undertaking BCS.

23.2  Oncoplastic Principles: Selection 
Criteria

23.2.1  Elements for Selection

We identify three elements to select patients who would benefit 
from an oncoplastic approach for BCS. The two factors already 
recognized as major indications for OPS are excision volume 
and tumour location [5]. The third additional element we evalu-
ate is glandular density. When taken into consideration together, 
these three elements comprise a sound guideline for determin-
ing when and what type of OPS to perform and, more impor-
tantly, to reduce the guesswork in performing BCS.

23.2.2  Excision Volume

The first element, excision volume, is the single most predic-
tive factor of surgical outcome and potential for breast defor-
mity. Studies have suggested that, once 15–20% of the breast 
volume is excised, there is a clear risk of deformity [6]. 
Excision volume compared to the total breast volume is esti-
mated preoperatively. Through systematic determination of 
specimen weights, accurate preoperative estimation of exci-
sion volume can be achieved. The average specimen from 
BCS weighs 20–40 g; as a general rule, 80 g of breast tissue 
is the maximum weight that can be removed from a medium-
sized breast without resulting in deformity.

OPS techniques allow for significantly greater excision vol-
umes while preserving natural breast shape. All OPS studies 

23

R. F. D. van la Parra · C. Nos · I. Sarfati · K. B. Clough () 
L’Institut du Sein—Paris Breast Center, Paris, France



286

have demonstrated that an average of 120 g up to 1000 g or 
more can be removed from a medium- to large- sized breast dur-
ing BCS with no cosmetic compromise [7]. Reshaping of the 
breast is based upon the rearrangement of breast parenchyma to 
create a homogenous redistribution of volume loss. This redis-
tribution can be achieved easily through either advancement or 
rotation of breast tissue into the lumpectomy cavity. Others 
advocate the harvesting of a latissimus dorsi “miniflap” to fill in 
the defect. This volume replacement technique has been recently 
described by Rainsbury [5]. In general, this approach is reserved 
for small- sized breasts and will not be discussed here.

23.2.3  Tumour Location

The location of the tumour is the second factor in planning 
OPS. There are zones that are at high risk of deformity dur-
ing BCS when compared with more forgiving locations. The 
upper outer quadrant of the breast is a favourable location 
for large-volume excisions. In this location, defects can read-
ily be corrected by mobilization of adjacent tissue. Excision 
from less favourable locations, such as the lower pole or 
upper inner quadrants of the breast, often creates a major risk 
for deformity. For example, a “bird’s beak” deformity is clas-
sically seen on excision of tumours from the lower pole of the 
breast [1]. Therefore, a key tool used in planning the appro-
priate surgical approach is evaluating the tumour location and 
the associated risk of deformity. For extensive resections, we 
have developed an oncoplastic Atlas of surgical techniques 
based on tumour location. This Atlas provides a specific 
mammoplasty technique for each segment of the breast.

23.2.4  Glandular Density

Glandular density is the final component of a complete OPS 
evaluation before surgery and is evaluated both clinically and 
radiographically. Although the clinical exam is reliable, mam-
mographic evaluation is a more reproducible approach for 
breast density determination. Breast density predicts the fatty 
composition of the breast and determines the ability to perform 
extensive breast undermining and reshaping without complica-
tions. Breast density can be classified into four categories based 
on the Breast Imaging Reporting and Data System (BIRADS): 
fatty (1), scattered fibroglandular (2), heterogeneously dense 
(3) or extremely dense breast tissue (4) [8].

Undermining the breast from both the skin and pectoralis 
muscle (dual-plane undermining) is a major requirement to 
perform level I OPS. A dense glandular breast (BIRADS 3/4) 
can easily be mobilized by dual-plane undermining without 
risk of necrosis. Low-density breast tissue with a major fatty 
composition (BIRADS 1/2) has a higher risk of fat necrosis 
after extensive undermining. Low breast density should pro-
voke the decision to either limit the amount of undermining 
during level I OPS or proceed to a level II OPS that requires 
only posterior undermining, leaving the skin attached.

23.2.5  Oncoplastic Classification System

We propose a new classification of OPS techniques into two 
levels based upon the amount of tissue excised and the relative 
level of surgical difficulty. A level I approach is based on dual-
plane undermining, including the nipple- areola complex 
(NAC), and NAC recentralization if nipple deviation is antici-
pated. No skin excision is required. Level II techniques allow 
major volume resection. They encompass more complex pro-
cedures derived from breast reduction techniques. These “ther-
apeutic mammoplasties” involve extensive skin excision and 
breast reshaping [9]. They result in a significantly smaller, 
rounder breast.

23.2.6  Bi-Level Classification

Our bi-level classification system leads to a practical guide 
of OPS techniques (Table  23.1). This guide allows for 
selection of the most appropriate OPS procedure during 
surgical planning.

 1. If less than 15% of the breast volume is excised, a level I 
procedure is often adequate. These procedures can be 
performed by all breast surgeons without specific training 
in plastic surgery.

 2. Anticipation of 15–50% breast volume excision will 
require a level II procedure with excision of excess skin to 
reshape the breast. They are based upon mammoplasty 
techniques and require specific training in OPS.

Another major consideration in the patient selection crite-
ria is glandular density. If the breast parenchyma is fatty in 
composition, it may be risky to use a level I technique. 
Therefore, when planning a large resection in a fatty breast, 
employing a level II procedure will result in a safer outcome 
and better cosmetic result.

23.2.7  General Considerations for All OPS 
Techniques and Patient Counselling

Although oncoplastic procedures can provide high satisfac-
tion with the final breast shape and in some situations may 
avoid the need for mastectomy, OPS may result in longer and 
multiple scars. The patient should be aware of the possible 
asymmetry caused by level II OPS. Because of the extensive 
resection, an asymmetry in volume is expected compared 
with the contralateral breast. This asymmetry may require 

Table 23.1 Oncoplastic decision guide

Criteria Level I Level II
Maximum excision volume ratio 15% 15–50%
Requirement of skin excision for reshaping No Yes
Mammoplasty No Yes
Glandular characteristics Dense Dense or fatty
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immediate symmetrization of the contralateral side if desired 
by the patient or can be performed as a second-stage 
procedure.

All oncoplastic procedures begin with the preoperative 
marking of the patient sitting in the upright position prior to 
induction of anaesthesia. Once marked, both breasts are 
draped into the operative field for comparison. The patient is 
centred on the operating room table to accommodate both 
the supine and upright position, as she will be transitioned 
between these positions to allow optimal reshaping and 
symmetry. The patient is then secured into place with either 

arms extended, for access to the axilla, or both arms at the 
sides if no axillary surgery is needed.

23.3  Step-by-Step Approach for Level 
I OPS

There are six steps for level I OPS (Table 23.2; Figs. 23.1 and 
23.2). They begin with skin incision (1) followed by under-
mining of the skin (2) and NAC (3). After completion of 
undermining, a full-thickness glandular excision is performed 

Table 23.2 Level I OPS: step-by-step surgical approach

Procedure Result
Skin incision Allows wide access for excision and reshaping
Skin undermining Facilitates wide excision and glandular mobilization for reshaping
NAC undermining Avoids displacement of nipple towards excision defect
Full-thickness excision Prevents anterior and posterior margin involvement
Glandular reapproximation Late-occurring deformity is avoided
Deepithelialization and NAC repositioning Recentres NAC on new breast mound

a

c

b

Fig. 23.1 Level I OPS: surgical concept. (1 ) Initial extensive skin undermining. (2 ) Excision of the lesion from subcutaneous tissue to pectoralis 
fascia. (3 ) Reapproximation and suturing of the gland
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from the subcutaneous fat to the pectoralis fascia (4). The 
glandular defect is closed with tissue reapproximation (5). If 
required, an area in the shape of a crescent bordering the are-
ola is deepithelialized and the NAC is repositioned (6).

Oncoplastic surgery is based upon allowing wide exci-
sions with free margins, not on minimizing incision length. 
Short incisions limit mobilization of the gland and do not 
permit creation of adequate glandular flaps to fill in excision 
defects. This effective mobilization of the gland is a key 
component of breast reshaping after wide excisions.

The location of the incision is at the discretion of the oper-
ating surgeon. All incisions should allow for both en bloc 
excision of the cancer, without causing fragmentation of the 
specimen, and extensive undermining to facilitate reshaping. 
For level I procedures, if a direct incision over the tumour is 
chosen, the general principle is to follow Kraissl’s lines of 
tension to limit visible scaring [10]. However, in many cases 
an indirect incision along the areola border is possible and 
can be extended by a radial extension towards the tumour.

23.3.1  Skin Undermining

One of the key factors of level I OPS techniques is extensive 
subcutaneous undermining. It is easier to undermine the skin 
before excising the lesion. The undermining follows the 
mastectomy plane and extends anywhere from one-fourth to 

two-thirds of the surface area of the breast envelope. 
Extensive skin undermining facilitates both tumour resection 
and glandular redistribution after removal of the tumour. The 
area of undermining should be reduced if risk factors for fat 
necrosis are present. The two main risk factors are smoking 
history and fatty composition of the breast.

23.3.2  NAC Undermining

Extensive resections lead to NAC deviation towards the exci-
sion area. NAC repositioning is easily performed with simple 
undermining: this is a key component of both level I and II 
OPS. The first step is to completely transect the terminal ducts 
and separate the NAC from the underlying breast tissue. A width 
of 0.5–1 cm of attached glandular tissue is maintained to ensure 
the integrity of the vascular supply. This appropriate amount of 
subareolar tissue prevents NAC necrosis and avoids venous 
congestion. Ultimately, the level of NAC sensitivity may be 
reduced after extensive mobilization and undermining [11].

23.3.3  Glandular Resection

Our standard approach is to perform full-thickness excisions 
from the subcutaneous fat underlying the skin down to the 
pectoralis fascia. A full-thickness excision ensures free ante-

a b

Fig. 23.2 Level I OPS: nipple recentralization. (1 ) A skin crescent is deepithelialized opposite to the lumpectomy bed in the upper outer quadrant. 
(2 ) NAC is recentralized to avoid NAC deviation post lumpectomy
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rior and posterior margins, leaving only the lateral margins in 
question. The breast parenchyma itself is excised in a fusi-
form pattern oriented towards the NAC. This shape facilitates 
reapproximation of the remaining gland. Before closing the 
defect, metal clips are placed on the pectoralis muscle and 
lateral edges of the resection bed to guide future 
radiotherapy.

23.3.4  Defect Closure: Glandular Flaps

During standard BCS, breast tissue is either reapproximated 
or left open, allowing for the eventual formation of a hema-
toma or seroma. Seroma formation, however, does not 
always result in predictable long-term cosmetic results for 
larger-volume excisions. Once reabsorption of the seroma 
occurs, the excision cavity becomes prominent due to fibro-
sis and retraction of the surrounding tissue, creating a notice-
able defect and causing NAC displacement towards the 
previous excision cavity. Extensive resections require clos-
ing the cavity and redistribution of the volume loss.

Advancement flap: The most common breast reshaping 
technique is based on advancing the surrounding breast tis-
sue into the cavity. In most cases, tissue can be mobilized 
from lateral positions of the remaining gland or recruited 
from the central portion of the breast. This allows creation of 
glandular flaps immediately adjacent to the cavity that are 
sutured together to close the defect.

Rotation glandular flap: Simple advancement flaps are 
not suitable in all cases. Rotation of a wide-based glandular 
flap into the excision cavity could reshape the breast. This 
technique was originally developed for upper inner quadrant 
tumours; however it can be used for all quadrants. It is 
indicated when simple closure of the defect by approximating 
the resection margins is not possible or would leave a 
deformity. This technique involves extensive undermining of 
the gland, and therefore it should be reserved for patients 
with glandular breasts (BIRADS 3 or 4) in order to minimize 
the risk of postoperative fat necrosis. Rotation flaps are not 
appropriate for patients who are at risk of glandular necrosis, 
i.e. patients with fatty breasts and diabetes and those who 
smoke or who smoke or had previous radiotherapy.

The preferred incision is periareolar, either with or with-
out a small radial extension, to avoid a visible scar in the 
cleavage area. The first four steps are identical to those 
described for level I OPS (Table 23.2). Wide undermining 
of the skin is undertaken, to release the gland from its der-
mal attachments. This involves detaching the whole upper 
inner and central skin from the breast in the same plane as 
that used for a nipple sparing mastectomy. This will allow 
wide tumour excision. In order to mobilize the central 
gland towards the defect, the nipple areolar complex (NAC) 
is completely elevated. All the terminal ducts are transected 
on 5–10 mm thickness of breast tissue to allow safe vascu-

larization. The tumour resection is performed from the sub-
cutaneous fat to the muscle with wide lateral margins 
(Fig.  23.3). Clips are placed in the cavity to mark the 
tumour bed.

A wide V-shape glandular flap is then created by releas-
ing the central gland from its pectoral attachments with 
posterior undermining. The glandular incision starts 
medially at the inferior part of the lumpectomy cavity, 
closest to the NAC, and extends laterally. This elevates a 
full-thickness glandular flap with a wide lateral base, 
ensuring its vascular integrity (Fig.  23.4). The flap is 
rotated medially into the defect (Fig.  23.5) and sutured 
into the cavity. The cavity is completely closed by this 
method. No drainage is required (Fig.  23.6). Once the 
skin edges are approximated, the patient is placed in the 
sitting position in order to check the symmetry of the 
breasts, including the relative NAC position. If the NAC is 
displaced, it should be recentralized by de-epithelializing 
a crescent of the skin diametrically opposite from the 
original tumour bed [12, 13].

This rotation glandular flap allows the safe transfer of the 
central gland into the defect of a wide local excision in the 
upper inner quadrant. It extends the scope of level I OPS, 
allowing larger defects to be repaired safely and cosmeti-
cally [14].

Fig. 23.3 Periareolar skin incision with a radial extension. Full- 
thickness glandular excision
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Fig. 23.4 The nipple areolar complex is undermined on 5–10 mm of 
gland. A wide centro-lateral glandular flap is harvested by double plane 
undermining. The glandular incision is extended laterally

Fig. 23.5 The glandular flap is rotated into the cavity

Fig. 23.6 The cavity is completely closed by the rotation glandular 
flap

23.3.5  NAC Repositioning

Avoiding NAC displacement is a key element for both lev-
els I and II OPS. An unnatural position of the NAC devi-
ated towards the excision site can be one of the major 
sources of patient dissatisfaction after BCS.  This result 
should be expected after all extensive volume resections. 
NAC repositioning is difficult to attempt after radiother-
apy; therefore, immediate recentralization is preferred and 
should be anticipated during initial resection [13]. An area 
of periareolar skin opposite the excision defect is deepithe-
lialized in the shape of a crescent. For level I procedures, 
the width of deepithelialization can measure up to 6 cm. 
Deepithelization should be achieved sharply, using a scal-
pel blade or fine scissors. This technique is simple and safe 
and is used systematically in aesthetic surgery of the breast. 
The vascular supply of the NAC after its separation from 
the gland and deepithelialization is based on the dermal 
vasculature [15].
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23.4  Level II Oncoplastic Surgery

A major consideration when choosing between OPS levels is 
the extent of excision volume. A level I approach is suitable 
for excision volumes less than 20% of the entire gland. In 
most quadrants, the resulting glandular defect can usually be 
filled by advancement of adjacent tissue. Level II techniques 
are reserved for situations that require major volume exci-
sions of 20–50%. They are based upon different mammo-
plasty techniques. To simplify the selection of the appropriate 
technique, we devised an Atlas based on tumour location. 
This Atlas does not contain an exhaustive list of options, but 
provides one or two surgical techniques for each tumour loca-
tion. Existing mammoplasty techniques were initially adapted 
for OPS for specific tumour locations such as lower-pole can-
cers [1, 16, 17]. In other locations, such as the lower inner and 
upper outer quadrants, a series of new mammoplasty tech-
niques were created to serve for breast cancer treatment [18].

The superior pedicle reduction mammoplasty will serve 
as a model for the technical description of all mammoplasty 
techniques. Schematically rotating the NAC pedicle opposite 
the site of tumour excision allows the application of this 
technique for a variety of tumour locations. These proce-
dures are listed in a clockwise direction and described for the 
left breast (Table 23.3).

Because of the volume excised, level II OPS will gener-
ally result in a breast that is smaller, rounder and higher than 

the contralateral breast. Thus, the need for contralateral sym-
metrization should be discussed in the preoperative setting. 
Either immediate or delayed symmetrization can be per-
formed depending on the amount of tissue resection and the 
desire of the patient.

23.4.1  Lower-Pole Location (5–7 O’Clock)

23.4.1.1  General Principles
The lower pole of the breast was the first recognized high- 
risk location for deformity (Fig. 23.7) [1, 16, 19]. Retraction 
of the skin and downward deviation of the NAC resulting 
from excision of tissue from the 6 o’clock position became 
known as the “bird’s beak” deformity. A superior pedicle 
mammoplasty can allow for large-volume excision at the 
lower pole without causing NAC deviation with the added 
benefit of breast reshaping.

23.4.1.2  Technique: Superior Pedicle 
Mammoplasty with Inverted T Scar/
Vertical Scar

The superior pedicle mammoplasty technique that we rou-
tinely use results in inverted T and periareolar scars as seen 
in most breast reduction patients. The procedure has been 
described in detail in a previous paper (Fig. 23.8) [20]. It 
begins with deepithelialization of the area surrounding the 
NAC. The NAC is then dissected away from the underlying 
breast tissue on a superior dermoglandular pedicle. The 
inframammary incision is then completed, followed by wide 
undermining of the breast tissue off the pectoralis fascia. The 
undermining starts inferiorly and then proceeds superiorly 
beneath the tumour while encompassing the medial and lat-
eral aspects of the breast as well as the NAC. The tumour is 
removed en bloc with a large margin of normal breast tissue 
and overlying skin as determined by the preoperative 
drawings.

Mobilization of the breast tissue from the pectoralis mus-
cle allows for palpation of both the deep and superficial sur-
faces of the tumour, improving the ability to obtain adequate 
lateral margins. Once the resection is completed, the breast is 
reshaped by reapproximation of the medial and lateral glan-
dular columns towards the midline to fill in the defect, fol-
lowed by NAC recentralization (Fig. 23.9).

One possible modification to this technique is the 
vertical- scar mammoplasty described by Lejour and Lassus 
[21, 22]. The site and volume of excision are identical to the 
inverted T scar, but this approach avoids the submammary 
scar.

Table 23.3 Level II OPS: quadrant-per-quadrant Atlas (orientation for 
the left breast)

Clock position Procedures
5–7 o’clock Superior pedicle mammoplasty/inverted T or 

vertical scar
Lower pole
7–8 o’clock Superior pedicle mammoplasty/V scar
Lower inner 
quadrant
9–11 o’clock Batwing
Upper inner 
quadrant
12 o’clock Inferior pedicle mammoplasty or round block 

mammoplasty
Upper pole
1–2 o’clock Racquet mammoplasty/radial scar
Upper outer 
quadrant
4–5 o’clock Superior pedicle mammoplasty/J scar
Lower outer 
quadrant
Central subareolar Inverted T or vertical-scar mammoplasty with 

NAC resection
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a b

Fig. 23.7 (1 , 2 ) “Birds beak” deformity of the lower pole

a b

c d

Fig. 23.8 Level II OPS: superior pedicle mammoplasty for lower-pole 
lesion (6 o’clock). (1 ) Preoperative drawings. (2 ) Superior pedicle 
deepithelialized and elevated. (3 ) Reapproximation of medial and 

lateral glandular flaps after wide excision. (4) Final result after 
reshaping and contralateral symmetrization
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Fig. 23.9 Re-excision of lower-pole lesion for positive margins. The 
patient was offered mastectomy prior to consultation; however, utilizing 
a level II OPS technique, both negative margins and a natural shape of 

the breast were achieved. (1 ) After first resection patient has both 
deformity and positive margins. (2 ) Deformity of lower pole. (3 , 4) 
Results after mammoplasty and left breast radiotherapy

A new approach for patients with moderate- to small- 
sized breasts who present with lower-pole tumours near the 
inframammary fold has recently been described by Nos. 
This technique is based on the creation of a fascio-cutane-
ous flap and harvesting of underlying fatty tissue below the 
inframammary fold. The flap is then rotated to fill in the 
area of defect created by the segmental excision of the 
 cancer [23].

23.4.2  Lower Inner Quadrant (7–9 O’Clock)

23.4.2.1  General Principles
Superior pedicle mammoplasty can be used for tumours 
located from 5 to 7 o’clock. However, adaptation for tumours 

located more medially, between 7 and 9 o’clock, is more dif-
ficult and requires a novel level II technique (Fig. 23.10) [24].

23.4.2.2  Technique: V-Mammoplasty
This procedure involves excising a pyramidal section of gland, 
with its base located in the submammary fold and apex at the 
border of the areola. The section is removed en bloc, including 
the skin attached to the gland down to the pectoralis fascia. The 
submammary fold is then incised, from the resection site to the 
anterior axillary line. The incision is taken laterally as far as 
necessary to perform adequate rotation of the remaining gland 
into the defect. The lower pole of the breast is then entirely 
undermined off the pectoralis muscle and is transferred medi-
ally to fill the defect. The NAC is then recentralized on a deepi-
thelialized superior-lateral pedicle (Figs. 23.11 and 23.12).
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a b

Fig. 23.10 (1 , 2 ) Lower inner quadrant deformity

a b

Fig. 23.11 V-mammoplasty. (1 ) Patient underwent neoadjuvant treatment; however, extensive microcalcifications required wide excision of 
lesion. (2 ) Natural shape of breast maintained after excision

23.4.3  Upper Inner Quadrant (10–11 O’Clock)

Special caution is needed when considering BCS for lesions 
in the upper inner quadrant of the breast. A wide excision in 
this location can have a significant impact on the overall 
quality of the breast shape by distorting the visible breast 
line known as the “décolleté” (Fig. 23.13).

For moderate resections, level I techniques can be uti-
lized safely. For more extensive excisions, we currently 

have not developed a standard level II oncoplastic proce-
dure that reliably addresses the limitations of BCS at this 
troublesome location. Silverstein has described an effec-
tive OPS procedure to address the upper inner quadrant. 
His approach utilizes a batwing excision pattern [25]. 
Silverstein’s OPS solution is innovative and reproduc-
ible; however, more research is needed when performing 
large excisions exceeding 20% of the breast volume in 
this area.
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Fig. 23.12 Level II OPS: V-mammoplasty for lower inner quadrant (7–8 o’clock). (1 ) Preoperative drawings. (2 ) Full-thickness excision and 
inframammary incision. (3 ) Medial rotation of lateral glandular flap to fill in the defect and reshape the breast. (4) Resulting scars

23.4.4  Upper Pole (11–1 O’Clock)

23.4.4.1  General Principles
Excision of lesions located at the 12 o’clock position rarely 
causes a deformity (Fig.  23.14), as they can be excised 

widely followed by volume redistribution with tissue from 
the central location. For large excision volumes (Fig. 23.14), 
repair of upper-pole resections can be accomplished through 
an inferior pedicle mammoplasty. This mammoplasty is 
commonly performed in the United States as a breast reduc-
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a b

Fig. 23.14 (1 , 2 ) Upper-pole deformity

tion technique and utilizes an inverted T-scar pattern [4]. 
Another possible approach is a round block mammoplasty 
with a periareolar scar.

23.4.4.2  Techniques: Inferior Pedicle 
Mammoplasty

The skin markings are identical to those described for the 
superior pedicle. The resection, however, is located in the 
upper pole; hence, the vascular supply of the NAC is based 
on its inferior and posterior glandular attachments. The infe-
rior pedicle is deepithelialized and advanced upwards 
towards the excision defect to achieve volume redistribu-
tion. Complementary resection is performed in the inner and 
outer lower quadrants to optimize the breast shape 
(Fig. 23.15).

23.4.4.3  Round Block Mammoplasty
The round block mammoplasty utilizes a periareolar incision 
and was originally described by Benelli [26, 27]. The proce-
dure starts by making two concentric periareolar incisions, 
followed by deepithelialization of the intervening skin. The 
outer edge of deepithelialization is incised, and the entire 
skin envelope is undermined in a similar manner to perform-
ing a mastectomy. The NAC remains vascularized by its pos-
terior glandular base. Wide excision of the tumour and 
surrounding tissue is performed from the subcutaneous plane 
down to the pectoralis fascia. The medial and lateral glandu-
lar flaps are then mobilized off the pectoralis muscle and 
sutured together. The periareolar incisions are then approxi-

a

b

Fig. 23.13 (1 , 2 ) Upper inner quadrant deformity
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Fig. 23.15 Level II OPS: inferior pedicle mammoplasty for 12 o’clock tumours. (1 ) Preoperative drawings. Inferior pedicle deepithelialized. (2 ) 
Tumour resection. Complementary resection of medial and lateral pillars. (3 ) Advancement of inferior pedicle into the defect and skin closure

a b

c d

Fig. 23.16 Round block: 3 cm invasive lobular cancer in the upper pole, patient undergoing round block. (1 ) Incision. (2 ) Tumour removal. (3 ) 
Excision cavity. (4) Final result

mated, resulting only in a periareolar scar. Although we have 
used the round block mammoplasty initially for upper-pole 
tumours, it is a versatile technique that can be easily adapted 

for tumours in any location of the breast. It is a challenging 
technique as the reduced skin excision mandates sophisti-
cated glandular reshaping (Figs. 23.16 and 23.17).

23 Improving Breast Cancer Surgery: A Classification and Quadrant-per-Quadrant Atlas for Oncoplastic Surgery



298
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Fig. 23.17 Level II OPS: round block technique for upper-pole lesion (11–1 o’clock). (1 ) Skin drawing and concentric periareolar incisions. (2 ) 
Circumferential skin undermining. (3 ) Reapproximation of the glandular flaps. (4) Resulting scars

23.4.5  Upper Outer Quadrant (1–3 O’Clock)

23.4.5.1  General Principles
This is the most “forgiving” of all quadrants. In this quad-
rant, large lesions can often be excised with standard BCS 
without causing deformity. However, resection of greater 
than 20% of the breast volume will result in retraction of the 
overlying skin with NAC displacement towards the excision 

site (Fig. 23.18). Level II OPS can be utilized to increase 
resection possibilities while limiting the risk of postoperative 
deformities.

23.4.5.2  Technique: Racquet Mammoplasty
A large portion of the upper outer quadrant can be excised 
utilizing a direct incision over the tumour, from the NAC 
towards the axilla, similar to a quadrantectomy [28, 29]. 
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Fig. 23.18 (1 , 2 ) Upper outer quadrant deformity

a b c

d e

Fig. 23.19 Racquet mammoplasty. Patient underwent neoadjuvant treatment with poor response and large residual tumour. (1 ) Upper outer quad-
rant tumour. (2 ) Skin markings. (3 ) Excision of tumour. (4) Excision cavity. (5 ) Final result prior to contralateral symmetrization

After wide excision, the reshaping is performed by mobiliz-
ing lateral and central gland into the cavity and suturing it 
together. Central gland advancement is easily accomplished 
through NAC undermining. Complete detachment of the ret-
roareolar gland from the NAC enables maximal mobility of 

the central gland for volume redistribution. Once the defect 
is eliminated, the NAC is placed in its optimal position, at the 
centre of the new breast mound. This mammoplasty results 
in a long radial scar over the original tumour site with a peri-
areolar extension (Figs. 23.19 and 23.20).
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Fig. 23.20 Level II OPS: racquet technique for upper outer quadrant (1–3 o’clock). (1 ) Racquet technique preoperative drawings. (2 ) Skin exci-
sion and quadrant undermining. (3 ) Reapproximation and NAC recentralization. (4) Final result with periareolar and lateral scars

23.4.6  Lower Outer Quadrant (4–5 O’Clock)

23.4.6.1  General Principles
Like for the lower inner pole, the inverted T mammoplasty 
does not “fit” well for this quadrant. The optimal procedure 
to avoid lateral retraction of the breast and deviation of the 
NAC is a J-type mammoplasty (Fig. 23.21) [30].

23.4.6.2  Technique: J-Mammoplasty
Like for all lower-pole excisions, the NAC is carried on a 
deepithelialized superior pedicle. The first incision begins 

at the medial edge of the deepithelialized periareolar area 
and then gently curves downwards with a concavity to the 
inframammary crease. The second incision starts at the lat-
eral border of the deepithelialized zone and follows a simi-
lar pattern. The parenchymal excision then follows the 
skin pattern in the shape of the letter J. Lateral and central 
gland can then be recruited into the excision defect to 
achieve an equitable redistribution of remaining breast 
volume. The NAC is recentralized in its optimal position 
(Fig. 23.22).
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a b

Fig. 23.21 (1 , 2 ) Lower outer deformity

a b c

Fig. 23.22 Level II OPS: J-mammoplasty for lower outer quadrant (4–5 o’clock). (1 ) Preoperative drawings. (2 ) Excision specimen and deepi-
thelialization of NAC pedicle. (3 ) Breast reshaping and NAC recentralization

23.4.7  Retroareolar Location

23.4.7.1  General Principles
Subareolar breast cancers are candidates for BCS. However, 
superficial subareolar tumours are associated with a risk of 
NAC involvement approaching 50% [31]. In such cases en 
bloc removal of the NAC with the tumour may be required. 
This often results in a poor cosmetic outcome with a flat 
breast. If the patient has a glandular breast allowing wide 

undermining for reshaping, a level I OPS is a reasonable 
option. As in other locations, level II mammoplasty tech-
niques are reserved for patients with fatty breasts or for 
patients for whom excision of more than 20% of the breast 
volume is required. There are a number of mammoplasty 
approaches that can be chosen for the centrally located lesion. 
They include the inverted T mammoplasty with resection of 
the NAC, a modified Lejour or J pattern with NAC excision or 
Grisotti’s technique [32]. The latter offers the advantage of 
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allowing for immediate NAC reconstruction through preser-
vation of a skin island on an advancement flap [33].

23.4.7.2  Technique: Modified Inverted T 
Mammoplasty

Oncoplastic techniques for centrally located tumours have 
been outlined by Huemer et al. [34]. Preferentially we uti-
lize an inverted T or vertical incision, similar to the supe-
rior pedicle mammoplasty. The only modification is that 
the two vertical incisions encompass the NAC, which is 
removed together with the tumour. The NAC is usually 
reconstructed at a later stage, after completion of radiother-
apy, but can also be reconstructed during the same proce-
dure (Fig. 23.23).

23.5  Discussion

23.5.1  Advantages of Oncoplastic Surgery

Until recently, the breast surgeon could provide only two 
options for patients with breast cancer: either a modified 
radical mastectomy or a segmental excision followed by 
radiation. Integration of plastic surgery techniques at time of 
tumour excision has delivered a third pathway, enabling sur-
geons to perform major resections involving more than 20% 
of breast volume without causing deformity. This new com-
bination of oncologic and reconstructive surgery is com-

monly referred to as oncoplastic surgery. This “third 
pathway” allows surgeons to extend the indications for BCS 
without compromise of oncologic goals or the aesthetic out-
come. It is a logical extension of the quadrantectomy tech-
nique described by Veronesi [35]. With immediate reshaping 
employed through OPS, major resections can now be 
achieved with enhanced cosmetic outcomes [36–38].

Another advantage of OPS is avoiding the need for sec-
ondary reconstruction by preventing breast deformities [39]. 
Prior to the development of OPS, patients with major defor-
mities were secondarily referred to plastic surgeons. Despite 
continued efforts to treat these deformities, the results of 
postoperative repair of BCS defects in irradiated tissue were 
found to be poor, regardless of the surgical procedure or 
team [40–43]. Immediate reshaping of the breast eliminates 
the need for complex delayed reconstruction of deformities 
after BCS.

23.5.2  Indications for Oncoplastic Surgery

The main indication for OPS is large lesions for which a 
standard excision with safe margins would either seem 
impossible or lead to a major deformity. Extensive ductal 
carcinoma in situ (DCIS), lobular carcinoma, multifocality 
and partial or poor responses to neoadjuvant treatment 
(Figs. 23.11 and 23.19) are all potential indications for OPS 
intervention. Standard BCS that results in positive margins 
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Fig. 23.23 Lejour/vertical mammoplasty. (1 ) Centrally located tumour with involvement of the NAC. (2 ) Skin marking. (3 ) Excision of tumour 
and NAC. (4) Postoperative result. (5 ) NAC tattoo

R. F. D. van la Parra et al.



303

constitutes an additional category of patients (Fig.  23.9) 
[44].

23.5.3  Oncoplastic Validation

Oncoplastic surgery is fully integrated into a multidisciplinary 
environment. Pre- and postoperative treatments are not modi-
fied. During surgery, the original tumour bed is clipped, allow-
ing precise localization for postoperative radiotherapy.

23.5.4  Margin Status

In our extended series of 350 level II oncoplastic cases, mar-
gins were involved in 44 cases (12.6%) [45]. These involved 
25 of the 239 invasive ductal cases (10.5%), 10 of the 68 
DCIS cases (14.7%) and 9 of the 34 invasive lobular cases 
(20.9%). Of the 44 patients with an involved margin, 12 
underwent conservative re-excision, 28 underwent mastec-
tomy and 4 were treated with radiotherapy alone because they 
had minimal margin involvement and refused further surgery. 
The overall breast conservation rate was 92%. The average 
reoperation rate after standard breast- conserving surgery in 
four national databases, which included predominantly small 
cancers (less than 3 cm), ranges from 20% to 24% [46–49]. 
The analysis of the US national database [49] showed a sig-
nificant linear trend between increasing tumour size and reop-
eration rates. For tumours smaller than 1.5  cm, the repeat 
surgery rate was 20.8% compared with a repeat surgery rate 
of 48.2% for tumours larger than 5 cm.

23.5.5  Survival Rates

Our recent review of an extended series of 350 patients treated 
with OPS demonstrated 5-year disease-free and overall sur-
vival rates of 84.4% and 95.1%, respectively [45]. The 5-year 
local recurrence rate was 2.2% [45]. Rietjens reported on the 
long-term results of 454 OPS cases from the European 
Institute of Oncology and found a 5-year local recurrence rate 
of 3.2% [50]. The 5-year disease-free and overall survival 
rates were 83.7% and 95.9% for their oncoplastic cases and 
88.1% and 95.4% for their matched cohort of standard breast-
conserving surgery cases [50]. Both studies confirm the initial 
equivalent comparison of OPS and standard BCS.

23.5.6  Complications of Oncoplastic Surgery

Surgeons embarking in OPS should be aware of the risk of 
complications and the factors that increase this risk. 
Glandular necrosis is the most challenging complication. 
Aggressive undermining of both the skin envelope and gland 

from the pectoralis muscle can lead to glandular necrosis if 
the breast is fatty. Areas of fat necrosis can become infected 
and cause wound dehiscence resulting in postoperative 
treatment delay. Our prospective evaluation of complications 
in our initial series demonstrated a high incidence of delayed 
wound healing (9%) [20]. This rate has been considerably 
reduced since we began incorporating the third key element, 
breast density, into our decision-making process. In our 
recent prospective review, the early complication rate (less 
than 2 months) was 8.9% over the last 350 procedures [45]. 
There were 24 cases of fat necrosis, with secondary infection 
requiring antibiotic treatment in 21 cases, 5 hematomas and 
3 seromas. A reoperation was required in 5 cases (2 wound 
infections, 2 hematomas and 1 seroma). This induced a delay 
in postoperative treatment in 4.6% of patients [45]. The more 
extensive level II techniques and the remodelling process 
have not affected continued screening and radiographic fol-
low-up of patients [51].

23.5.7  Growth of Oncoplastic Surgery Field

Oncoplastic surgery level II techniques are numerous and are 
generating increased attention in the surgical literature. Most 
authors describe the utilization of the inverted T mammoplasty 
for all quadrants of the breast [52–54]. Thus, for upper-pole 
tumours, the excision defect is filled by extensive mobilization 
of the lower gland. In our experience the implementation of 
the same reduction mammoplasty pattern for tumours in all 
locations of the breast has significant limitations. 
Advancement of distant breast tissue to fill the defect is at 
high risk of complications due to tissue necrosis. Kronowitz 
reports a 26% complication rate in a series of 50 patients. 
Our Atlas is based upon a direct excision of the skin over the 
tumour that allows reshaping and avoids complications due 
to extensive glandular mobilization. Because almost all 
cosmetic mammoplasties rely on inverted T-incisions, we 
had to develop new mammoplasty patterns specifically for 
breast cancer treatment. These include the V- and racquet 
mammoplasty techniques. We also adapted old techniques, 
such as the J-mammoplasty, that had been abandoned by 
most plastic surgeons. Thus, we developed almost one 
technique for each quadrant of the breast.

23.5.8  Integration into Current Surgical 
Practice

Difficulty in performing advanced level II techniques might 
constitute a limitation for the implementation of the Atlas. 
However, training for OPS can be acquired gradually, and 
level I techniques do not require any advanced training. One 
solution for the more complex cases is to incorporate a dual- 
team approach with the plastic surgeon. However, we would 
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favour OPS training for all future breast surgeons for a long- 
term solution [55, 56].

23.6  Conclusion

Oncoplastic surgery allows for wide resections with favour-
able cosmesis and integrates into a standard multidisciplinary 
approach for BCS. The ultimate goal is to allow large-volume 
resections with free margins and fewer re-excisions and mas-
tectomies that is obtainable with standard BCS. We propose to 
stratify OPS into two levels. We define three key factors for 
technique selection: excision volume, tumour location and 
glandular density. Even though we are aware that there is no 
clear-cut division between standard BCS and oncoplasty, and 
that a crossover between levels I and II exists, we strongly 
advocate the adoption of a standardized OPS classification 
system. This classification should help training in 
OPS. Surgeons will be able to select appropriate courses and 
training experiences based on the distinct levels. The OPS 
classification and Atlas is intended to assist surgeons to choose 
the optimal approach for each individual patient to avoid com-
plications and obtain the best oncologic and cosmetic results.
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Glandular Displacement Techniques

Siun M. Walsh and Mahmoud El-Tamer

Oncoplastic techniques have been developed in recent years 
for the surgical management of breast cancer, as they allow 
the resection of large volumes of breast tissue, while 
facilitating cosmesis and the avoidance of mastectomy [1]. 
Oncoplastic breast surgery has been shown to reduce rates of 
positive margins, and to increase patient satisfaction and 
psychosexual well-being [1–3]. Oncologic outcomes have 
been shown to be comparable with breast-conservation sur-
gery [3–5]. Oncoplastic techniques can be broadly classified 
into two categories, simple and advanced, as was first sug-
gested by Clough in 2010 [6]. Advanced oncoplastic tech-
niques are employed in the treatment of tumors where > 25% 
of total breast volume is expected to be lost in the resection, 
and may also be extended to patients with macromastia or 
ptosis irrespective of the resected volume of the breast, par-
ticularly in patients who were contemplating such cosmetic 
procedures. These patients are often better served with a 
mastopexy or breast reduction as part of the oncologic proce-
dure, irrespective of the volume of tissue loss, as breast 
reduction or mastopexy may be associated with higher com-
plication rates after breast irradiation.

In contrast, simple oncoplastic techniques are generally 
used in the management of tumors, which require resection 
of < 25% of the total breast volume. These techniques involve 
primary closure of the breast defect using glandular 
displacement. Occasionally, these techniques can be used for 
larger proportions of tissue loss, depending on the overall 
breast size and the availability of surrounding glandular 
tissue.

24.1  Anatomy

24.1.1  The Planes of the Breast

The breast is entirely surrounded by a pseudo-fascial plane—
the superficial fascia of the anterior thoracic wall. This envelop-
ing fascia divides into two distinct layers: anterior and posterior. 
The superficial or anterior layer merges with the cervical fascia 
superiorly and Campers fascia inferiorly. The posterior or deep 
layer is found immediately deep to the breast, and anterior to 
the retromammary bursa and the pectoralis fascia; this bursa is 
a potential space between the two layers of fascia, which allows 
the breast tissue to move freely against the chest wall.

Running between the fascial layers of the breast are a net-
work of fibrous bands, known as Cooper’s ligaments [7]. 
These extend from the pectoralis fascia to the skin and attach 
the breast tissue to the chest wall. The strength and laxity of 
these suspensory ligaments dictate the degree of ptosis of the 
breast. Cadaveric studies have also revealed a thin mesentery- 
like fibrous septum reaching from the pectoral fascia to the 
nipple-areola complex [8]. At its edges, it curves into a medial 
ligament, which attaches to the sternum, and a lateral liga-
ment, which attaches to the lateral border of pectoralis minor. 
This fibrous septum and its associated ligaments serve as scaf-
folding, maintaining shape and movement in the breast.

One of the most crucial steps in oncoplastic surgery is the 
mobilization of glandular tissue, which involves the elevation 
of skin flaps. It is essential to identify the appropriate plane in 
order to create a flap. Below the dermis of the skin of the 
breast lies a layer of subcutaneous fat, of variable thickness. 
Fibrous bands connect this fatty subcutaneous layer to the 
adjacent breast parenchyma. There are minimal blood vessels 
accompanying the fibrous bands, and, therefore, dissection 
between the parenchyma and the subcutaneous fat tends to 
precipitate minimal bleeding (Fig. 24.1). This is the mastec-
tomy plane. In cases with superficial tumors, the overlying 
skin may be elevated at the level of the superficial fascia plane 
or preferably excised en bloc with the tumor. This plane is 
dissected in cases of superficial tumors. For deeper 
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tumors, a deeper plane is dissected, as illustrated (Fig. 24.1). 
This is known as the lumpectomy plane and is located just 
above the glandular tissue. Utilization of this plane is cos-
metically superior to utilization of the mastectomy plane.

24.1.2  Surface Markings of the Breast

There are several features of the surface anatomy of the breast 
that the surgeon should take care in defining before undertak-
ing oncoplastic surgery. Breast markings should be carefully 
examined, with the patient standing normally with relaxed 
shoulders, facing straight ahead, with arms by the sides. After 
identification of the sternal notch, the clavicle, the midline, 
and the nipple, the nipple meridian can be drawn. This is 
achieved by extending a vertical line from a point on the clav-
icle that is 6–7 cm lateral to the midpoint of the sternal notch, 
down through the midpoint of the nipple. This can be extended 
in the same line to reach the inframammary fold. When plan-
ning oncoplastic surgery, the final position of the nipple 
should sit on the meridian line (Fig. 24.2). With breast reduc-
tions and mastopexies, the inframammary fold is transposed 
anteriorly on the breast along the nipple meridian to mark the 
new position for the nipple. We strongly recommend that sur-
geons who are not well versed in oncoplastic techniques, and 
whose patients may not be interested in future contralateral 
symmetrizing procedures, limit the elevation of the nipple to 
19–22 cm from the midclavicular line (a vertical line dropped 
from the midpoint of the clavicle). The ideal distance from 
the nipple to the clavicle varies between patients and has been 

recommended to be at the level of the inframammary line or 
at the same level as the mid humerus.

24.1.2.1  Blood Supply of Nipple
Many oncoplastic procedures employ periareolar incisions 
and/or de-epithelialization of the periareolar area. It is 
therefore imperative to be aware of the blood supply of the 
nipple. The majority of the blood supply of the nipple is 
derived from the internal mammary artery, but branches of 
the anterior intercostal arteries and the lateral thoracic 
artery have also been shown to provide blood supply [9]. 
Venous drainage is to the internal mammary veins. 
Periareolar incisions involving > 50% of the total areolar 
circumference are not advisable due to the high risk of nip-
ple necrosis.

24.2  Factors to Be Considered

24.2.1  Size of the Breast

The size of both breasts should be taken into consideration 
when planning oncoplastic surgery. It is important to note 
that 80% of women wear the incorrect cup-size. Cup-sizes 
vary according to country and brand. It is therefore imperative 

Fig. 24.1 Planes of the breast. (Reproduced with permission from: 
Principles and Techniques in Oncoplastic Breast Cancer Surgery. 
El-Tamer M, ed. 2013; World Scientific Publishing: Singapore)

Fig. 24.2 Nipple meridian. Ideally, the nipple is positioned along the 
intersection of the nipple line and the inframammary line when 
transposed to the anterior aspect of the breast. The transposition of the 
inframammary line is estimated by placing the index and middle finger 
behind the breast and locating that point with the thumb on the anterior 
surface of the breast (Reproduced with permission from: Principles and 
Techniques in Oncoplastic Breast Cancer Surgery. El-Tamer M, ed. 
2013; World Scientific Publishing: Singapore)
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to assess cup-size objectively, to avoid error. Asymmetry 
should be noted and documented. Breast size asymmetry is 
reported in approximately 65% of women [10]. This can be 
advantageous to the surgeon in cases where the tumor has 
arisen in the larger breast. In contrast, in cases where the 
smaller breast will now lose further volume, contralateral 
reduction mammoplasty may be required in the future to 
achieve acceptable symmetry.

24.2.2  Ptosis

Ptosis of the breast should be assessed and documented. 
Ptosis is generally described as grade 1–3, with grade 1 
implying mild sagging and grade 3 describing significant 
sag. The degree of ptosis correlates with the amount of breast 
tissue available inferiorly. Patients with significant ptosis 
may benefit from mastopexy-style resections (Fig. 24.3).

24.2.3  Tumor Characteristics

The size of the tumor should be assessed using mammogram 
and ultrasound. MRI, while not always necessary, may be 
useful in estimating the extent of disease of lobular carcino-
mas and in assessing response to treatment in cases where 
neoadjuvant chemotherapy has been given to facilitate breast 
conservation [11, 12]. Tumor size, in relation to breast size, 
will help to select the appropriate oncoplastic technique.

24.2.4  Localization of the Tumor

The use of modern imaging techniques to accurately localize 
the tumor preoperatively facilitates precise planning of the 
surgery and minimizes the volume of tissue that is excised. 
At Memorial Sloan Kettering Cancer Center, we routinely 
use radioactive seed for localization of a single lesion or even 

None

a

b

Grade I Grade II Grade III

Ptosis of the breast

Ptosis None
Nipple above

Inframammary
line
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Nipple at
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line

Grade II
Nipple below

Inframammary
line

Grade III
Nipple

pointing to floor

Fig. 24.3 (a) Ptosis of the breast. (b) Examples of grades of ptosis of the breast (Courtesy of Dr. Mahmoud El-Tamer, Memorial Sloan Kettering 
Cancer Center, New York, NY)
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for bracketing. The safety and efficacy of this usage have 
been demonstrated previously [13]. Advantages include 
smaller excision volumes, shorter operative time, and 
increased patient comfort and satisfaction [14–16]. We rec-
ommend for each surgeon to use the localization technique 
they are most familiar with.

24.2.5  Margins

It is important to clarify that the main purpose of an oncoplas-
tic procedure is to repair the defect created in order to main-
tain or enhance the final cosmetic result, rather than to achieve 
the widest possible margin. New guidelines for appropriate 
margins have been recently published and adopted by many 
breast and oncologic societies. A margin of 2 mm is now 
acceptable for ductal carcinoma in situ (DCIS) [17], and no 
ink on tumor is sufficient for invasive carcinoma [18]. Wider 
margins have not been associated with a lower rate of local 
recurrence. The adoption of these guidelines into practice has 
resulted in decreased re-excision rates [19, 20]. For further 
details on margins, please refer to the chapter in this book on 
the subject of surgical margins in breast-conserving surgery.

24.3  Skin Incisions

24.3.1  Principles of Breast Incision Planning

Complete and adequate surgical excision of the tumor, with the 
achievement of clear margins, remains the pillar-stone of breast 
cancer treatment. The first step in surgical excision is the cre-
ation of a skin incision. There are several considerations. 
Firstly, the incision must be placed and sized to allow sufficient 
access for complete resection of the tumor. Secondly, the inci-
sion should allow adequate exposure to mobilize surrounding 
tissue and repair the defect. In addition, the incision should be 
placed in an aesthetic position. The ideal skin incisions are 
those placed around the areola, inframammary line, or axilla.

24.3.2  Periareolar Incisions

The periareolar incision is generally accepted as the most 
cosmetic incision. With proper flap dissection, periareolar 
incisions allow access to all quadrants of the breast. We 
strongly recommend the use of a headlight or a lighted 
retractor with these incisions, as standard overhead lights 
may not be adequate. Furthermore, we cannot overempha-
size the importance of adequate hemotasis, as such wide 
flap dissections are associated with a higher rate of postop-
erative hematomas. When placed at the junction of the are-

ola and skin, scarring is minimal and the incision usually 
can fade considerably. The position of a periareolar inci-
sion can be placed to access any quadrant of the breast. The 
incision should not involve more than 50% of the circum-
ference of the areola, as further disruption can lead to com-
promise of the blood supply of the nipple and necrosis. 
Preoperative planning is essential, as the demarcation of 
this junction can be difficult to identify, after application of 
antiseptic solution. This incision also may not be suitable 
for patients with small areolae, relative to their breast and 
tumor size. Furthermore, this incision may not provide ade-
quate access to tumors distant from the nipple, particularly 
in patients with poor circulation or with large and/or pen-
dulous breasts. However, the incision can be extended lat-
erally or medially (Fig. 24.4), to improve access. The areola 
should be retracted gently, and pressure should be intermit-
tently released, to minimize vascular injury. Electrocautery, 
although not contraindicated, should be used with caution 
in this area, due to risk of neurovascular injury. To avoid 
scar widening, the incision has to be properly closed with 
approximation of the deep dermis, which usually retracts 
after completing the resection.

Finally, in cases where there is a high possibility of com-
pletion mastectomy, the potential incision for mastectomy 
should be taken into consideration. The incision should 
either align with or be within the area of the skin, which 
would potentially be excised if a mastectomy is needed.

Although the majority of patients report normal nipple 
sensation 6  months after surgery, it is important to warn 
patients of the risk of short-term numbness if planning to use 
a periareolar incision.

We recommend that surgeons who are new to these onco-
plastic techniques perform the incision that allows them the 
most direct access. With experience, surgeons can become 

Fig. 24.4 Periareolar incision and extensions (Courtesy of Dr. 
Mahmoud El-Tamer, Memorial Sloan Kettering Cancer Center, 
New York, NY)
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more comfortable with accessing distant tumors through 
periareolar incisions.

24.3.3  Curvilinear Incisions

These incisions are often utilized for resection of tumors in 
the upper aspect of the breast. Numerous lines, such as the 
lines of Langer, Kraissl, and Borges [21], have been used as 
guidance for the optimal placement of curvilinear incisions. 
The authors favor incisions in the lines of Kraissl, which are 
lines perpendicular to the action of the underlying muscle. 
When excising skin in the upper quadrants, it is important to 
realize that the nipple will be lifted and to ensure that the 
nipple is not displaced medially or laterally. The final 
position of the nipple-areola complex should lie on the nipple 
meridian line. Curvilinear incisions crossing the 3 o’clock 
axis or 9 o’clock axis should be avoided, as they may cause 
distortion of the nipple-areola complex. In the lower quad-
rants, curvilinear incisions are acceptable when the excision 
of skin is not necessary and when excising small tumors 
only. Resection of skin or a large volume of tissue via a lower 
quadrant curvilinear excision may result in an inferior dis-
placement and downward pointing of the nipple, known as 
“bird’s beak” deformity.

24.3.4  Radial Incisions

Radial incisions are convenient and facilitate the removal of 
the skin and large volumes of tissue in the upper outer quad-
rants (Fig. 24.5). They can begin as far medially as the areola 
and may be extended into the axilla to allow access for a sen-
tinel lymph node biopsy or axillary lymph node dissection. 
These incisions should be avoided in the upper inner quad-
rants, as the scars in this area prove difficult for the patient to 
conceal. In the 3 o’clock axis and 9 o’clock axis, we exclu-
sively use radial incisions. We also exclusively use radial inci-
sions in the lower quadrants when an en bloc resection that 
includes the overlying skin is planned. Such incisions will 
avoid downward displacement of the nipple- areola complex.

24.3.5  Inframammary Incisions

Incisions placed in the inframammary fold are cosmetically 
pleasing and easy to conceal. However, if completion mastec-
tomy with standard central elliptical incisions is expected, 
these incisions may cause cosmetic problems and may com-
promise the blood supply of the lower flap. Following an 
inframammary incision if a mastectomy is planned, we rec-
ommend using the inverted-T incision used for breast reduc-
tion to complete the mastectomy. We try to limit the extent of 

the inframammary incision while performing the mastectomy 
to maintain an adequate blood supply to the cutaneous flaps.

24.4  Raising the Skin Flap

After incising the skin, flaps are raised around the area of the 
tumor. The purpose of this is to allow access to the tumor and to 
mobilize skin to repair the defect. We recommend elevating the 
flaps at the glandular level as seen in Fig. 24.1. We have labeled 
this plane as the lumpectomy plane; it is easily identified in 
young women with glandular breast tissue. In older patients 
with fatty replacement of the breast, identifying the lumpec-
tomy plane may require experience. The breast skin and subcu-
taneous tissue are raised as one unit while transecting Cooper’s 
ligaments. For deeply located tumors, using the lumpectomy 
plane is oncologically safe. In superficially located lesions, par-
ticularly when there is skin tethering, we strongly recommend 
excising the overlying skin en bloc with the tumor to maintain 
the oncologic appropriateness of the resection.

24.5  Resection of the Tumor and Shave 
Cavity Margins, Clipping of the Cavity

The optimal surgical management of breast carcinoma has 
changed dramatically in recent years. Breast surgery reached 
its peak of invasiveness in the 1940s with the advent of the 
super-radical mastectomy. In the mid-1980s breast- conservation 
surgery was shown to have equal survival rates when compared 
with mastectomy. It also became clear that a histologically 
negative margin of resection achieves the lowest local recur-

Fig. 24.5 Radial incisions (Courtesy of Dr. Mahmoud El-Tamer, 
Memorial Sloan Kettering Cancer Center, New York, NY)
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rence rate after breast conservation. For some time, there was a 
significant debate regarding what constitutes a negative mar-
gin. Some continued to routinely apply the Halstedian principle 
of resection to lumpectomies with en bloc resection of the over-
lying skin, the breast, and underlying muscle fascia with resec-
tion of the totality of the quadrant of breast tissue where the 
tumor is located, in a form of quadrantectomy [22, 23]. Some 
surgeons also used oncoplastic techniques for the main purpose 
of achieving wider negative margins. We have not adopted that 
philosophy. We have always recommended a sound oncologic 
procedure followed by an oncoplastic repair to restore, main-
tain, or enhance the physical appearance of the breast. We limit 
en bloc resection of the overlying skin and underlying fascia to 
select cases in which the skin is close or involved and in which 
the tumor extends to the deep layers of the breast. Furthermore, 
recent guidelines developed and adopted by the Society of 
Surgical Oncology (SSO), American Society of Radiation 
Oncology (ASTRO), American Society of Breast Surgeons 
(ASBrS), and the American Society of Clinical Oncology 
(ASCO) have established that “no ink on tumor” is sufficient to 
call a margin negative [18, 24, 25].

We utilize a relatively new strategy to achieve clear mar-
gins, which has been reported to decrease re-excision rates 
significantly [26, 27]. The tumor is narrowly excised, and then 
the lumpectomy cavity is circumferentially re-excised. The re-
excised margins are oriented and submitted separately.

At this point, after meticulous hemostasis is achieved, the 
walls and base of the cavity are clipped. This is important to 
assist the radiation oncologists in identifying the tumor bed 
for irradiation, as the tumor site may not necessarily underlie 
the incision site. These clips are also useful in identifying 
cavity edges when re-excision of margins is needed. The 
cavity edges can prove difficult to identify after complex 
oncoplastic closure of the cavity.

Some have routinely used intraoperative ultrasound to guide 
the resection; we have not adopted such a tool, as the vast 
majority of our positive margins has been limited to DCIS.

24.6  Preparation for Glandular 
Displacement; Elevation of Breast  
Off the Underlying Muscle

In larger breasts, where the resection of breast tissue down to 
the pectoral fascia has not been necessary, elevation of the 
breast off the underlying muscle may not be necessary. In 
patients with cup-sizes A or B or in cases where the resection 
extends down to the muscle, elevation of the glandular tissue 
posteriorly allows mobilization of the breast tissue to close 
the defect, while helping to minimize distortion of breast 
shape. This is performed after resection of the tumor by 
entering the aforementioned retromammary bursa. When 
both a skin flap is raised and breast tissue is elevated from the 
pectoral fascia, this is known as a biplanar mobilization. In 

elderly patients, smokers, and patients with peripheral vascu-
lar disease, one has to be considerate of the vascularity of the 
tissue. In such patients, we frequently avoid oncoplastic pro-
cedures altogether or limit the extent of mobilization to avoid 
the risk of necrosis of the fat and glandular tissue.

24.7  Techniques of Glandular 
Displacement

For simplicity, we have categorized this type of repair into 
five categories. Occasionally, however, one can combine 
types of repair for the same defect. We have routinely used 
absorbable sutures of 2-0 or 3-0 caliber with a round or cut-
ting needle, depending on the thickness of the breast tissue. 
We routinely describe our technique of repair in the operative 
report; we find that reporting is very helpful in cases where 
we need to re-excise positive margins. See Table 24.1 for a 
summary of these glandular displacement techniques.

24.7.1  Transverse Closure

Transverse closure describes the advancement of the upper 
edge and lower edge of breast tissue, to a point at which they 
meet, resulting in a transverse line of closure of the glandular 
tissue (Fig. 24.6). This technique is ideal for repairs in the 
upper hemisphere and central breast. Transverse closure of the 
breast with upper quadrant defects invariably results in eleva-
tion of the nipple-areola complex. Such elevation is welcomed 
in most patients with some degree of ptosis. In patients with-
out any ptosis, elevation of the nipple-areola complex will 
result in significant deformity that is quite challenging to fix. 
Hence we stress the importance of preoperative evaluation of 
the grade of ptosis preoperatively to plan the type of repair.

Table 24.1 Summary of glandular displacement techniques

Optimal area 
for use

Areas 
not to 
use Cautions

Transverse Upper 
hemisphere 
and central 
breast

Lower 
breast

Displacement of 
nipple

Radial All quadrants If used horizontally 
at 9 or 3 o’clock, 
nipple displacement

Triangular Upper 
hemisphere

None Skin puckering

Purse-string Central Nipple-areola 
complex wrinkling

Mobilization of 
surrounding 
subcutaneous 
tissue

Lateral and 
inferior 
quadrants

Central 
or 
medial

Excess fatty 
subcutaneous or 
axillary tissue 
needed
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We have avoided transverse repairs in the lower quadrants 
of the breast due to the high probability of inferior displace-
ment of the nipple-areola complex, particularly with tumors 
located in the 6 o’clock axis and the lower inner quadrant. In 
such quadrants, we have routinely resorted to radial closures.

24.7.2  Radial Closure

After resection of the lesion and adequate mobilization from 
the underlying fascia and overlying skin, the breast tissue is 

approximated along a radial line (Fig. 24.7). This technique 
can be used in any quadrant, but is most cosmetically effective 
in the lower aspect of the breast, particularly in cases requiring 
resection of the overlying skin. The closure is facilitated when 
the specimen is excised in an elliptical shape. The area con-
taining the larger amount of breast tissue, which is to be used 
to fill the defect, should be mobilized more extensively. For 
example, in the lower inner quadrant, there is more available 
tissue in the lateral flap, so this flap should be mobilized more 
expansively. Radial closure of the defect can be performed 
through any type of skin incision, radial, transverse, circum-

a

d

b

c

Fig. 24.6 Transverse closure. (a) The skin flaps are raised. (b) The 
tumor is excised with appropriate margins. (c) The breast is elevated off 
the underlying muscles; the skin flaps are further elevated as needed. 
The breast tissue is approximated along a transverse plane. (d ) 
Transverse closures in the upper quadrants. The arrows show the 

direction of the mobilization of the breast tissue and closure pattern 
(a–c: Reproduced with permission from: Principles and Techniques in 
Oncoplastic Breast Cancer Surgery. El-Tamer M, ed. 2013; World 
Scientific Publishing: Singapore; d : Courtesy of Dr. Mahmoud 
El-Tamer, Memorial Sloan Kettering Cancer Center, New York, NY)
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areolar, or inframammary incisions. In the upper quadrants, 
such closures are particularly useful in patients with minimal 
ptosis. Radial closure of the breast may also be used in the 
upper inner quadrant; we do not, however, recommend using a 
radial skin incision for access in the upper inner quadrant, as it 
may result in a scar that is difficult to conceal.

24.7.3  Triangular (Mercedes Closure)

This procedure combines the principles of the transverse and 
radial repair techniques. It is commonly used in the upper 

hemisphere, as it allows better control of the upward dis-
placement of the nipple-areola complex. Following resection 
of the lesion, a triangular or three-point suture is placed at 
the center of the defect, to transform the circular defect into 
a three-pointed star-shaped wound (Fig. 24.8). The limbs of 
the star are then approximated with separate sutures. The 
final result of the repair is a three-pointed star shape similar 
to a Mercedes- Benz® logo. The placement of the base of tri-
angular sutures allows control of the extent of the elevation 
of the  nipple- areola complex as illustrated (Fig.  24.9a). 
Furthermore, one can fine-tune the medial and lateral devia-
tion of the nipple- areola complex by changing the position of 
the apical suture (Fig. 24.9b). Such fine-tuning is quite help-
ful in defects that are in the upper or inner quadrants of the 
breast. We have infrequently used this technique to repair 
defects in the lower quadrants of the breast, as it may result 
in an unsightly downward pointing of the nipple-areola com-
plex. After repair of the defect has been completed, the skin 
flaps may need to be further elevated to avoid puckering.

24.7.4  Purse-String Repair

The purse-string repair follows the basic principle of tighten-
ing the opening of a coin purse. It is particularly useful for the 
repair of central defects. The nipple-areola complex is mobi-
lized from the underlying tissue. The thickness of the nipple-
areola complex flap depends on the distance between the 
tumor and the nipple-areola complex. Following completion 
of the resection, the repair is carried out by placing a series 
of purse-string sutures in the walls of the defect. The defect 
is closed in layers, working from deep to superficial 
(Fig. 24.10). This obliteration of the lumpectomy cavity cre-
ates a scaffold on which the nipple- areola complex will rest, 
thus preventing its posterior retraction. The surgeon must 
have an adequate understanding of the vascularity of the nip-

Fig. 24.7 Radial closure. Radial closure can be performed irrespective 
of the style of the skin incision. For ease, we have chosen a radial skin 
incision. The breast tissue is mobilized along the arrows and 
approximated along a radial plane (Courtesy of Dr. Mahmoud El-Tamer, 
Memorial Sloan Kettering Cancer Center, New York, NY)

Fig. 24.8 Triangular closure: Mercedes repair. The defect is approximated with a triangular suture (Reproduced with permission from: Principles 
and Techniques in Oncoplastic Breast Cancer Surgery. El-Tamer M, ed. 2013; World Scientific Publishing: Singapore)
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ple-areola complex to avoid compromise. The surrounding 
skin should be adequately mobilized to prevent puckering of 
the nipple-areola complex. For cases that require resection of 
a large volume of tissue, we have usually resorted to a dome 
mastopexy procedure as described in Chap. 27.

24.7.5  Mobilization of Surrounding 
Subcutaneous Tissue

This method is reserved for peripherally located tumors 
(Fig. 24.11). The most commonly used tissues used for this 
repair are the lateral axillary fat pad and, occasionally, the 
subcutaneous tissue of the upper abdomen, just inferior to 
the inframammary fold. The subcutaneous tissue is released 
from the overlying skin and detached from the underlying 
musculature, and then advanced to fill the defect, where it is 
then sutured to the surrounding breast tissue. It is important 
to note that sufficient fatty subcutaneous tissue is needed to 
perform this type of repair.

A

A

B

C C

A

B

A

B

B

C C

Fig. 24.9  Triangular 
closures—control of the 
extent of the elevation of the 
nipple-areola complex. The 
brown circles represent the 
nipple. The placement of the 
sutures A and B will dictate 
the extent of the elevation of 
the nipple-areola complex. 
Furthermore, the location of 
the A, B, and C sutures also 
allow for pulling the nipple 
medially or laterally in order 
to keep its position along the 
nipple line (Reproduced with 
permission from: Principles 
and Techniques in 
Oncoplastic Breast Cancer 
Surgery. El-Tamer M, ed. 
2013; World Scientific 
Publishing: Singapore)

Fig. 24.10  Purse-string closure (Reproduced with permission from: 
Principles and Techniques in Oncoplastic Breast Cancer Surgery. 
El-Tamer M, ed. 2013; World Scientific Publishing: Singapore)
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Fig. 24.11 (a) Mobilization of surrounding subcutaneous tissue. (b) 
Case images: 68  year old with comorbidities presents with new 
contralateral breast cancer. (c) Case images: resection. (d ) Case images: 
post-resection without breast repair; post-resection with repair using 
axillary fat pad. (e) Case images: post-reconstruction. (f) Case images: 

2 weeks postoperatively. Left: status post left lumpectomy and sentinel 
node biopsy. The patient had a prior right breast cancer treated 2 years 
before the left breast cancer (Reproduced with permission from: 
Principles and Techniques in Oncoplastic Breast Cancer Surgery. 
El-Tamer M, ed. 2013; World Scientific Publishing: Singapore)

a

b
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c

d

e

f

Fig. 24.11 (continued)
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24.8  Conclusion

Glandular displacement is a simple technique within the 
reach of any general surgeon. However, it requires a good 
understanding of anatomy and some level of training. This 
technique is very helpful in closing breast defects following 
lumpectomies that require resection of less than 25% of a 
patient’s breast volume.
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Glandular Displacement:  
The Swiss Experience

Christoph J. Rageth and Christoph Tausch

The most common methods of oncoplastic breast surgery 
used by nonplastic surgeons are described below. We inten-
tionally did not include breast reduction techniques in this 
list.

All diagrams are made from the perspective above the 
patient’s left shoulder.

Two important questions must be asked before selecting 
the incision and two before selecting the reconstruction 
technique.

The two important questions before the incision 
(Fig. 25.1):

 1. How much tissue must be removed?
 (a) Little: Incision in the Langer’s lines or semicircular 

incision without a spindle-shaped excision
 (b) Much: Radial incision with excision of an island of 

the skin (spindle shaped or triangular for a dermo-
glandular rotation reconstruction) or round block 
technique with excision of a donut-shaped portion of 
periareolar skin

In the two lower quadrants, “much” tissue must usually 
be excised in relation to the existing tissue, which is why 
a radial incision is more often made there.

 2. Is the tumor close to the skin?
 (a) Yes: Incision over or near the tumor.
 (b) No: The incision can also be made at a distance from 

the tumor (usually near the areola or in the submam-
mary fold or further in lateral direction).

Intraoperative sonography is very helpful for measuring 
the distance from the skin to the tumor.
If intraoperative radiation will be given, the incision 
must usually be placed over the tumor even if the distance 
to the skin is large because otherwise the distance of 1 cm 
from the skin is not ensured.

If there is ptosis or macromasty and much tissue must be 
excised, a reduction mammoplasty technique is often 
selected. However, this technique is not described here.
The two important questions after excision and before 
reconstruction:

 1. Does the tissue adapt sufficiently without an oncoplasty 
technique, or does an oncoplasty technique have to be 
used?
 (a) Yes: This is the case in around half of segmental exci-

sions, and after local mobilization, adaptation can be 
achieved with a few (usually 1–2) sutures placed as 
deep as possible.

 (b) No: A glandular displacement or glandular replace-
ment technique or reduction of the contralateral side 
must be selected.

If a glandular displacement or glandular replacement tech-
nique must be selected, the second question must be asked:

 2. Is there enough breast tissue after excision of the tumor 
(or tumors) for reconstruction that results in adequate 
breast size?
 (a) Yes: A glandular displacement technique can be used.
We generally use one of the following three methods:
• Intramammarian flap reconstruction [1]
• Dermoglandular rotation flap
• Round block technique (a) with complete de-epitheli-

alization of skin around the nipple-areola complex or 
(b) with partial de-epithelialization of skin around the 
nipple-areola complex

Two other methods are used here relatively rarely and are 
not described in detail here:
• Primarily for central tumors – the Grisotti flap [2]
• Nipple displacement if the nipple-areola complex 

would be too far lateral
 (b) No: Either a glandular replacement technique or reduc-

tion mammoplasty to achieve symmetry with the contra-
lateral breast must be performed.

  We use the following three methods, only the first of 
which is explained here:
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• Lateral advancement (the latissimus dorsi muscle is 
attached to the pectoralis major muscle, which shifts 
the subcutaneous tissue lying over the latissimus dorsi 
muscle toward the breast).

• Defect filing using a free or pedicled latissimus dorsi 
flap.

• Reduction mammoplasty on the affected side and 
reduction mammoplasty of the contralateral side to 
achieve symmetry.

Description of the three glandular displacement 
 techniques most often used here:

 1. Intramammarian flap reconstruction (Fig. 25.2)
This technique can be used in every quadrant and was 
described by Rageth and Tausch [1].
Prerequisite: Non-fatty breast tissue (otherwise there is a 
high risk of fat necrosis).
Technique: The residual breast is split horizontally to form 
a tissue flap from the pectoral segment of the breast that 
can be placed in the defect. A temporary adaptation of the 
wound cavity before the horizontal split is made can be 
used to identify the region from where the major portion 
of the flap should be taken. It is generally necessary to 
make a wide sharp split, especially behind the nipple, so 
the nipple is not displaced when the flap is moved.

 2. Dermoglandular rotation flap (Fig. 25.3)
This technique is used in the caudal area of the mammary 
gland.
Prerequisite: The breast may not be too large or too small.
Technique: A triangular section shaped like a slice of pie 
containing the tumor is excised from the breast. The exci-
sion must be made at a right angle to the surface of the 
skin, and the skin may not be undermined because other-
wise the mammary gland cannot adapt without tension. In 
the submammary fold, the incision is extended in lateral 
direction toward the axilla until the caudal wound margin 
is about twice as long as the cranial wound margin. 
Generally, no deep sutures are required; skin adaptation is 
sufficient.

 3. Round block technique (Fig. 25.4)
With complete de-epithelialization the skin around the 
nipple-areola complex or with partial de-epithelialization 
of the nipple- areola complex. The round block technique 
was first described in 1990 by Benelli [3] as a reduction 
technique. For oncoplastic surgeries Clough described it 
in 2012 [4]. It did not initially become an established 
reduction mammoplasty technique but is today increas-
ingly used in oncoplastic surgery.
This technique is especially suited for fatty breasts that 
are unsuitable for an intramammarian flap reconstruction 

1. How much tissue must be excised?

Little Much

Semicircular incision possible Radial incision usually required

2. Is the tumor located a short distance below the skin?
(Ultrasound!)

Yes

Incision can also be made far from the tumor Incision must be made directly over the tumor 

No

Fig. 25.1 Algorithm for 
selecting the incision
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and can be used in all quadrants. A periareolar or semicir-
cular incision is made near the tumor. In the first phase, a 
wide area with the tumor must be exposed by separating 
a wide section of the skin from the mammary gland. After 
the excision of the breast segment, the residual breast tis-
sue must be separated from the pectoralis major muscle, 
so the wound bed can be readapted without tension.
Whether an incision is made around the entire areola or 
only part of it, or whether a ring of skin is excised around 

the areola to perform a central mastopexy (possibly to 
achieve symmetry with the contralateral side), must be 
decided on a case-by-case basis. However, the classical 
form of the round block technique involves de-epithelial-
ization of the donut-shaped area of the skin.
We occasionally use the Grisotti flap [2] for central 
tumors and nipple displacement techniques when the nip-
ple-areola complex would be positioned too far lateral. 
These methods are not described separately here.

Fig. 25.2 Intramammarian 
flap technique [1]. After the 
segmental excision, a wide 
horizontal split is made in the 
residual breast tissue (high in 
glandular, low in fatty tissue), 
and the pectoral section is 
moved toward the tumor 
cavity as a pedicled flap to 
cover the defect. This method 
is not suitable for fatty breasts 
because flap necrosis with 
large defects can occur

25 Glandular Displacement: The Swiss Experience
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Description of the glandular replacement technique most 
frequently used here:

 4. Lateral advancement (Fig. 25.5)
This technique is used for replacing volume for lateral 
defects [5]. There is often a subcutaneous fat pad in the 
posterior axillary fold that can be moved forward toward 
the breast by dissecting the latissimus dorsi muscle at the 
anterior edge, not separating the skin and fatty tissue 
located over it from the muscle, and suturing the edge of 

the latissimus dorsi muscle to the edge of the pectoralis 
major muscle. Care must be taken to ensure that no inter-
costobrachial nerve is sutured, so the edge of the muscle 
must be clearly visualized.
Other glandular replacement techniques are, in addition 
to the large flap reconstructions, pedicled or free flap 
reconstructions from the area of the latissimus dorsi, 
which are sufficient for partial breast reconstruction. 
These methods are also not described separately here.

Fig. 25.3 Dermoglandular 
rotation flap. In a 
dermoglandular rotation flap, 
which can be used only in the 
caudal section of the breast, a 
triangular piece is removed. 
The incision must be made at 
a 90° angle to the skin, and it 
must be possible to adapt the 
residual breast tissue without 
tension. To relieve skin 
tension, the subdermal 
cutaneous sutures are placed 
as in the diagram
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Fig. 25.4 Round block technique. The round block technique is espe-
cially suited for central, cranial, and upper medial tumors and fatty 
breasts. It allows good exposure of the tumor area, and sentinel lym-
phonodectomy can usually also be performed through the generous 

access. Altough 2 deep sutures are marked here, usually no deep sutures 
are required. The remaining tissue fills the cavity without sutures 
because the skin envelope is reduced

25 Glandular Displacement: The Swiss Experience



324

Fig. 25.5 Lateral 
advancement. This glandular 
replacement technique 
replaces part of the defect by 
moving the axillary fat pad 
forward. This is done by 
suturing the dissected 
latissimus dorsi muscle to the 
pectoralis major muscle. 
Intercostobrachial nerves 
must be spared

C. J. Rageth and C. Tausch
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Oncoplastic Surgery: Central  
Quadrant Techniques

Kristine E. Calhoun and Benjamin O. Anderson

26.1  Introduction

Breast-conserving therapy was introduced as an alternative 
to whole breast removal for women affected by breast cancer 
beginning in the 1970s and became established as standard 
therapy once randomized clinical trials demonstrated 
equivalent overall survival rates comparing lumpectomy plus 
radiation versus mastectomy [1, 2]. For appropriately 
selected patients, breast-conserving therapy offers both 
effective treatment and the psychological benefit of retention 
of the breast. For breast conservation to be effective, the 
primary tumor must be resected with adequate surgical 
margins while simultaneously maintaining the breast’s shape 
and appearance, goals which may prove challenging and in 
some settings seem to be conflicting [3].

In a traditional lumpectomy, no specific efforts are made 
to obliterate the internal resection cavity. The simple “scoop 
and run” approach to lumpectomy may work well for small 
tumors, but declivity of the skin and/or displacement of the 
nipple-areolar complex (NAC) can occur when the target 
lesion is sizable and can create especially troubling defects 
for centrally located lesions. Some type of central closure of 
the breast is commonly required when larger areas of breast 
tissue are removed.

While it might seem appealing to simply close the resec-
tion cavity by suturing the middle-depth fibroglandular tis-
sues together, this can result in unsightly defects when tissue 
alignment is suboptimal. A primary breast closure might look 
well when the patient is supine on the operating table but 
nonetheless will acquire a dimpled, irregular appearance once 
the patient stands up and the breast becomes pendulous. 
Given this potential for positional deformity, many surgeons 

choose to only close the skin of a lumpectomy cavity without 
approximation of the underlying tissue. For larger resections 
of segmentally distributed disease, more advanced closure 
techniques are required. The use of “volume-displacement” 
techniques for advancing fibroglandular tissue sections along 
the chest wall to close large resection cavities has become a 
fundamental tool for cosmetically optimized breast conserva-
tion surgery.

In 1994, Werner P. Audretsch was one of the first to advo-
cate the use of “oncoplastic surgery” for repair of partial 
mastectomy defects by combining the techniques of volume 
reduction with immediate flap reconstruction [4]. Although 
initially used to describe the partial mastectomy combined 
with myocutaneous flap reconstruction using the latissimus 
dorsi or the rectus abdominis muscles, oncoplastic surgery 
now more commonly describes numerous surgical tech-
niques that utilize partial mastectomy and breast flap 
advancement to address tissue defects following wide resec-
tion. Compared to breast reconstruction using a myocutane-
ous flap, breast flap advancements are easily learned and 
implemented by breast surgeons, even those lacking formal 
plastic surgery training [5].

A comprehensive understanding of normal ductal anat-
omy is valuable for planning an oncoplastic partial mastec-
tomy [6]. Analysis of segmental ductal anatomy suggests 
that the number of major ductal systems is probably fewer 
than 10 [7]. The size of ductal segments is variable, and 
while some ducts pass radially from the nipple to the periph-
ery of the breast, others travel directly back from the nipple 
toward the chest wall. In contrast, well-defined breast vascu-
lature allows the surgeon to remove and remodel large 
amounts of fibroglandular tissue without major risk of breast 
devascularization and/or tissue necrosis. The most common 
sources of arterial blood supply in the human breast arise 
from the axillary and internal mammary arteries. By main-
taining communication with one of these two arterial con-
nections, an adequate blood supply for the breast parenchyma 
is maintained during tissue advancement and mastopexy 
closure.
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The use of oncoplastic surgical techniques for breast con-
servation allows for larger resections without subsequent tis-
sue deformity and thereby allows surgeons to achieve wide 
surgical margins while preserving the shape and appearance 
of the breast [8]. Such techniques can be especially useful for 
more centrally located lesions, which when resected with 
standard surgical techniques may result in suboptimal cos-
metic outcomes [9]. While specific oncoplastic techniques 
are variable, all of the approaches involve fashioning the tis-
sue resection to the anatomic shape of the cancer while 
decreasing the likelihood of having positive surgical margins 
requiring re-excision [10]. The indications and contraindica-
tions of oncoplastic surgery are the same as those of tradi-
tional breast-conserving surgery, and such techniques should 
only be offered to those otherwise believed to be breast pres-
ervation candidates based on size and centricity [11, 12].

The techniques described in this chapter include those 
used for central segmental resections that utilize volume- 
displacement techniques in which local parenchymal tissue 
flaps are advanced for glandular remodeling [13] and include 
the central lumpectomy, batwing mastopexy lumpectomy, 
donut mastopexy lumpectomy, and variations on the 
reduction mastopexy lumpectomy which utilize a pedicle 
flap to restore the nipple-areolar complex.

26.2  Preoperative Planning

Patients undergoing central quadrant resections should 
undergo standard preoperative history and physical, with the 
elements of gynecologic, family, and social history including 
smoking emphasized. Special attention should be given to 
any prior breast surgical history, including the placement of 
breast implants, as scar patterns on the breast may need to be 
incorporated into subsequent resections. Core needle 
sampling should be performed to document malignancy, 
with mandatory internal review of all external pathology 
slides required at our institution.

Those being considered for oncoplastic resections should 
undergo a standard preoperative breast imaging workup, 
which typically includes some combination of mammography, 
ultrasound, and in some circumstances breast MRI. Although 
mammography may underestimate the extent of DCIS by as 
much as 1–2 cm, it is still warranted and is often the initial 
diagnostic study [14].

Although controversial, the use of MRI may contribute to 
the surgeon’s ability to preoperatively determine the extent 
of disease, especially for mammographically subtle and/or 
occult cancers, and to conceptualize the location of the tumor 
more three-dimensionally than allowed on mammography. 
Compared with mammographic and ultrasound images, the 
extent of disease seen on MRI may correlate best with the 
extent of tumor found at pathologic evaluation. In addition, 

MRI has the lowest false negative rate in detecting invasive 
lobular carcinoma [15]. While its sensitivity for detection of 
invasive breast cancer is high, MRI unfortunately has a low 
specificity of 67.7% in the diagnosis of breast cancer before 
biopsy [16]. Meaning that up to one-third of MRI studies 
will show some area of enhancement that needs further 
assessment that ultimately proves to be histologically benign 
breast tissue. For cancers containing both invasive and 
noninvasive components, a combination of imaging methods 
may yield the best estimate of overall tumor size [17].

26.3  Perioperative Planning

Once a patient commits to a central oncoplastic approach, 
decisions regarding the use of preoperative wire localization 
for nonpalpable malignancies must be made. In planning 
oncoplastic resections, the surgeon needs to accurately 
identify the area requiring removal. Silverstein and colleagues 
previously suggested the preoperative placement of 2–4 
bracketing wires to delineate the boundaries of a single 
lesion [18]. In a study by Liberman and colleagues, wire 
bracketing of 42 lesions allowed for complete removal of 
suspicious calcifications in 34 (81.0%) [19]. It has been 
suggested that single wire localization of large breast lesions 
is more likely to result in positive margins, because the 
surgeon lacks landmarks to determine where the true 
boundaries of nonpalpable disease are located. For such 
scenarios, multiple bracketing wires may assist the surgeon 
in achieving complete excision at the initial intervention. 
Alternatives to wire localization are increasingly being 
identified and utilized. Radioactive seed localizations [20] 
and the SAVI SCOUT [21], the latter of which relies on 
infrared technology to triangulate the location of the biopsied 
abnormality, permit intraoperative localization and resection, 
techniques which likely will gain wider acceptance and 
utilization. For more palpable lesions, surgeons often 
implement intraoperative ultrasound to augment their 
palpation-driven resection.

Skin landmarks should be identified and drawn with the 
patient sitting up in the preoperative area, including the 
inframammary crease, the anterior axillary fold at the 
pectoralis major muscle, the posterior axillary fold of the 
latissimus dorsi muscle, the sternal border of the breast, and 
the periareolar circle. Identifying these entities with the 
patient in the upright position is very important to the final 
cosmetic outcome, because these anatomic sites may prove 
challenging to accurately locate once the patient is 
anesthetized and lying supine on the operating room table. 
Generally, for reduction-type procedures, markings will be 
placed on both breasts.
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For all oncoplastic techniques, the patient should be 
supine on the operating room table and with both arms 
abducted on arm boards and secured. It is preferable to have 
both breasts prepped and draped into the field so that visual 
comparison with the patient in a beach chair position is 
possible as the wound is closed. Such an approach allows the 
surgeon to identify any areas of unnecessary tugging or 
dimpling which are inadvertently created so that they can be 
corrected.

26.4  Central Quadrant Techniques

26.4.1  Central Lumpectomy (Fig. 26.1a–f )

For those cancers involving the NAC, including Paget’s dis-
ease of the nipple, the cosmetic impact of nipple removal 
with central lumpectomy typically accounts for the common 
use of mastectomy in this situation. In recent years, with 
improved NAC reconstructive capabilities, central 
lumpectomies have been utilized more. While a central 
lumpectomy removes the NAC and underlying central 
tissues, it typically leaves behind a significant breast mound, 
especially for those with larger breasts at baseline. The 
cosmetic outcome with central lumpectomy can range from 
good to outstanding, depending on the woman’s body 
habitus, and is likely to be better tolerated than reconstruc-
tion of an entire breast [3]. The central lumpectomy can be 
particularly valuable in women with large, ptotic breasts 
where loss of the entire breast with mastectomy may create 
prominent asymmetry. Surgical issues of NAC reconstruction 
in an irradiated field, including wound healing issues and 
NAC loss, must be considered, so early referral to plastic 
surgery is warranted.

In central lumpectomy, the incision can be made in the 
pattern of a large parallelogram that encompasses the entire 
NAC or more circular in nature. After excision of the skin 
island/NAC, short-distance mastectomy-type skin flaps are 
raised along both sides of the wound. The dissection is 
carried down to the chest wall, and the breast gland is lifted 
off the pectoralis muscle. After full-thickness excision of the 
tumor, 4–6 marking clips are typically placed at the base of 
the defect within the surrounding fibroglandular tissue for 
future imaging and radiation oncology purposes. A small 
drain may also be placed in the lumpectomy wound in cases 
where the dissection is more extensive and risk of seroma 
formation increased. For adequate evaluation of margin 
status by the pathologist, sharp rather than cautery dissection 
should be considered, as sharp dissection will not alter the 
histological margins of the resected tissues with so-called 
cautery effect. Larger intraparenchymal vessels can be 
ligated or coagulated during the dissection, and cautery can 

then be used on the exposed fibroglandular tissue faces to 
control bleeding.

Once tissue specimens have been resected and hemostasis 
obtained, the fibroglandular tissue at the level of the pectoralis 
fascia is undermined so that breast-tissue advancement can 
be performed over the muscle. Once the fibroglandular 
tissues are sufficiently mobilized and hemostasis confirmed, 
the margins of the residual cavity are shifted together by the 
advancement of breast tissue over muscle, and the defect is 
sutured at the deepest edges using 3-0 absorbable suture. The 
direction of tissue advancement can be adjusted depending 
upon the location of the fibroglandular defect and the excess 
tissue that can be shifted to close it. The goal of the mastopexy 
is to perform as complete a closure over the pectoralis muscle 
as possible to discourage communication between the 
anterior skin and the deeper tissues. Side-to-side comparisons 
with the patient in an upright position are warranted to ensure 
that no unusual retractions of the tissues or unsightly 
cosmetic results have occurred.

The superficial tissue layer is next closed with interrupted 
subdermal 3-0 absorbable suture, while the skin is closed by 
4-0 absorbable subcuticular sutures in routine fashion. Two 
variations on closure exist. The first, which is more typical, 
involves closure in a manner which results in a scar that is a 
horizontal, straight line, while other surgeons choose instead 
to close the wound utilizing a purse-string closure to facilitate 
areolar tattooing.

26.4.2  Batwing Mastopexy Lumpectomy 
(Fig. 26.2a–f )

For cancers adjacent to or deep to the NAC, but without 
direct nipple involvement, lumpectomy can successfully be 
performed without sacrifice of the nipple itself. The batwing 
approach preserves the viability of the NAC while preserving 
the breast mound by using mastopexy closure to close the 
resulting fibroglandular defect of the full-thickness resection. 
This procedure may result in lifting of the nipple into the 
upper breast, and a contralateral lift often needs to be 
performed to achieve symmetry, especially when the native 
breast is large and pendulous.

Two similar semicircle incisions are made with angled 
“wings” on each side of the areola. The two half-circles are 
positioned, so they can be re-approximated to each other at 
wound closure. Removal of these skin wings allows the two 
semicircles to be shifted together without creating redundant 
skin folds at closure. Fibroglandular tissue dissection is 
carried down deep to the known cancer, with the depth in 
relation to the chest wall dictated by the position of the lesion 
within the breast. In most situations, the dissection is carried 
down to the chest wall, and the breast gland is lifted off the 
pectoralis muscle in a fashion similar to that for the central 
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a b

c d

e f

Fig. 26.1 (a–f) Central lumpectomy. (a) Preoperative marking with 
patient in upright position. (b) Intraoperative marking with patient in 
supine position illustrating positional shift of the breast landmarks. (c) 

Rounding of parallelogram incisions.  (d) Central resection. (e) Post-
excision cavity. (f) Final closure
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Fig. 26.2 (a–f) Batwing mastopexy lumpectomy. (a) Preoperative marking with patient in upright position. (b) Intraoperative marking with 
patient in supine position. (c) Resection cavity. (d) Resection specimen. (e) Final closure. (f) Post-op result with patient in upright position
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lumpectomy. The principles of sharp dissection and the 
placement of marking clips are also similar to those utilized 
in central lumpectomy.

Following full-thickness resection of the target, mobiliza-
tion of the fibroglandular tissue for mastopexy closure will 
likely be required. The breast tissue is elevated off of the 
chest wall at the plane between the pectoralis muscle and 
breast gland and the fibroglandular tissue advanced to close 
the resulting defect. The deepest parts are approximated by 
interrupted sutures. We typically secure the fibroglandular 
tissue to fibroglandular tissue and do not place anchoring 
stitches into the chest wall, thereby allowing the approxi-
mated breast tissues to move along the chest wall. The super-
ficial layer is closed in the same fashion as the central 
lumpectomy. As this procedure can cause some lifting of the 
nipple, it may create asymmetry compared to the non- 
cancerous breast. A contralateral lift can be performed 
afterward adjuvant radiation has been completed and the 
treated breast has “declared” its new size and shape to 
achieve symmetry, although some plastic surgeons may 
choose to perform this symmetry procedure concurrent with 
the oncologic surgery.

26.4.3  Donut Mastopexy Lumpectomy 
(Fig. 26.3a–f )

For segmentally distributed cancers located in the upper or 
lateral breast that approach the NAC, the donut mastopexy 
lumpectomy can be used to achieve effective resection of 
long, narrow segments of breast tissue. The donut mastopexy 
avoids a visible long radial scar which is against the Kraissl’s 
line or Langer’s line. In this procedure, two concentric lines 
are placed around the areola and a periareolar “donut” skin 
island is excised, with only a periareolar scar visible after 
this operation. Deepithelialization by separating this skin 
island from the underlying tissues is done, taking care to 
avoid full devascularization of the areolar skin. The width of 
the “donut” skin island should be approximately 1 cm but is 
somewhat dependant on the size of areola and expected 
extent of excision. Removal of this tissue ring is required, to 
allow for both adequate access and exposure to the breast 
tissue and closure of the skin envelope around the remaining 
fibroglandular tissue that will reduce tissue volume overall.

A skin envelope is created in all directions around the 
nipple-areolar complex. The quadrant of breast tissue 
containing the target lesion is fully exposed utilizing the 
same dissection used for a skin-sparing mastectomy. The 
full-thickness breast gland is then separated from the 
underlying pectoralis muscle and delivered through the 
circumareolar incision. The segment of breast tissue with the 
tumor is resected in a wedge-shaped fashion, with the width 
of tissue excision required to achieve adequate surgical 

margins balanced against the difficulty that will be created 
by virtue of an oversized segmental defect.

The remaining fibroglandular tissue is returned to the skin 
envelope, and the peripheral apical corners of the 
fibroglandular tissue are secured to each other and then 
anchored to the chest wall. This anchoring step maintains 
proper orientation of the mobilized fibroglandular tissue 
within the skin envelope during the initial phases of healing. 
A purse string using absorbable 3-0 suture is placed around 
the areola opening and is clamped at a size that 
re-approximates the original nipple-areolar complex. 
Interrupted inverted 3-0 absorbable sutures are placed 
subdermally around the NAC, at which time the purse-string 
suture is tied and then 4-0 subcuticular sutures are used to 
close the wound. Uplifting of the NAC may create mild 
asymmetry in comparison to the untreated breast. If desired, 
a contralateral lift can be performed to achieve symmetry, 
either at the time of the initial lumpectomy or later after 
radiation changes have resolved.

26.4.4  Reduction Mastopexy Lumpectomy 
Modifications (Fig. 26.4a–f )

Initially used in women with macromastia and excessive 
breast ptosis, this procedure is currently used for resection of 
lesions in the lower hemisphere of the breast between the 4 
o’clock to 8 o’clock positions, where “scoop and run” 
lumpectomy using circumareolar incision would result in 
unacceptable downturning of the nipple due to scar 
contracture after radiotherapy. This unpleasant cosmetic 
outcome can be prevented by using the technique of reduction 
mastopexy lumpectomy. Recently, the indications for using 
reduction techniques have been expanded to include women 
with centrally located tumors faced with NAC loss. In these 
situations, the reduction is coupled with a de-epithelialized 
pedicle flap with an overlying skin island to recreate the 
NAC, ultimately resulting in a wise-type scar and a neo- 
nipple [22].

In traditional reduction mammoplasty, a keyhole pattern 
incision is made, and the skin above the areola is 
de-epithelialized in preparation for skin closure. A superior 
pedicle flap is created by inframammary incision and 
undermining of the breast tissue off the pectoral fascia to 
mobilize the NAC and underlying tissues. Mobilization of 
the breast tissue allows palpation of both the deep and 
superficial surfaces of the tumor, which can aid the surgeon 
in determining the lateral margins of excision around the 
target lesion. When used for a central lesion, the primary 
tumor and overlaying NAC are resected down to the chest 
wall. The principle of sharp dissection and the placement of 
marking clips are the same as those of parallelogram 
mastopexy lumpectomy. A caudally located inferior flap is 
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then de-epithelialized, except for an appropriately sized skin 
island that will function as the neo-nipple. Following this, 
redundant medial, lateral, and superior tissues are then 
resected while preserving the pedicle tissue. An incision at 

the inframammary crease facilitates mobilization and assists 
in restoration of normal breast shape and contour.

Once all tissues have been resected, the central, inferior 
pedicle is mobilized, brought cephalad, and utilized to 

a b

c d

e f

Fig. 26.3 (a–f) Donut mastopexy lumpectomy. (a) Preoperative mark-
ing including marking of region to be removed based on preoperative 
bracketing wires and concentric circles for skin donut excision. (b) 

Initial skin incision. (c) Delivery of tissue segment through periareolar 
incision. (d) Remaining cavity after resection. (e) Purse- string closure. 
(f) Final operative result
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occupy the defect created by removal of the prior NAC. The 
neo-nipple is sutured to the margins of NAC resection. The 
medial and lateral breast flaps are undermined and sutured 
together to fill the excision defect, leaving a typical inverted 

T scar. Variations of this technique have been reported, 
including the Grisotti flap which extends the pedicle laterally 
and results in an inferior and laterally sweeping incision [23] 
and free nipple graft from the skin of the contralateral 

a b

c d

e f

Fig. 26.4 (a–f) Reduction mastopexy lumpectomy. (a) Preoperative skin markings showing keyhole incision pattern. (b) Initial skin incision. (c) 
Full-thickness resection. (d) Excised specimen and residual cavity. (e) Closure. (f) Final result

K. E. Calhoun and B. O. Anderson



335

reduction tissue [24]. Finally, some choose to utilize the 
reduction flap without creation of a neo-nipple, leaving the 
patient with a wise-type incision and the choice of NAC in a 
delayed fashion [22].

26.5  Postoperative Management

While drains are rarely required in standard partial mastec-
tomy cases, with more extensive dissections, such as the 
donut mastopexy lumpectomy and the reduction mastopexy 
approaches, fluid accumulation can become more pro-
nounced and require postoperative aspiration. In recent 
years, we have started to place small, 15 drains at least 
overnight to avoid excessive fluid accumulation in the 
dissected breast that might distort the oncoplastic closure. 
These drains are typically removed either prior to discharge 
or on postoperative day 1 in the clinic.

26.6  Complications

When using central oncoplastic approaches, surgeons with-
out formal plastic surgery training must determine which 
procedures they are comfortable performing without plastic 
surgery consultation or intraoperative collaboration [3]. 
While these techniques appear to be relatively safe in the 
immediate postoperative period, issues such as wound 
infection, fat necrosis, and delayed healing in the more 
advanced techniques are all potential, reported complications 
[25–27]. Despite more extensive resections, hematomas 
requiring reoperation appear to be infrequent, occurring 
roughly 2–3% of the time in two recent studies [26, 27]. The 
blood supply of the external nipple arises from underlying 
fibroglandular tissue using major lactiferous sinuses rather 
than the collateral circulation from surrounding areolar skin, 
so nipple necrosis may occur if dissection extends high up 
behind the nipple but is also fortunately rare. Finally, in a 
review of 84 women who underwent partial mastectomy and 
radiation therapy, Kronowitz and colleagues showed that 
immediate repair of partial mastectomy defects with local 
tissues results in fewer complications (23% vs. 67%) and 
better aesthetic outcomes (57% vs. 33%) than that with a 
latissimus dorsi flap, which some surgeons used for delayed 
reconstructions [28].

26.7  Results

The main goal of oncoplastic lumpectomy remains negative 
surgical margin resection. Complete excision of calcified 
lesions and masses should be confirmed with specimen 
radiography during surgery. Additional oriented margins can 

be resected prior to mastopexy closure when the radiograph 
suggests inadequate resection may have occurred, hopefully 
eliminating the need for a delayed re-excision. While some 
centers utilize intraoperative analysis with frozen section to 
aid in decisions regarding the resection of additional seg-
ments of tissue, it is not our policy.

Multicolored inking performed by the surgeon in the 
operating helps to improve margin identification. Inking kits 
are now available with six colors (black, blue, yellow, green, 
orange, and red), which are very useful for labeling all of the 
surgical margins (superior, inferior, medial, lateral, 
superficial, and deep). Clear uniformity between surgeon 
and pathologist in terms of what color means what margin is 
required, especially when inadequate margins are identified 
that require reoperation.

Although the historic gold standard for negative surgical 
margin has been 10 mm, margins have now been defined in a 
joint consensus statement from the Society of Surgical 
Oncology and the American Society of Radiation Oncology 
as negative when tumor is not at ink for invasive disease and 
2 mm or greater for ductal carcinoma in situ [29, 30]. A 
recent review article of all oncoplastic techniques, not just 
central procedures, reported a positive margin rate of 11.9%, 
despite a mean tumor size of 26  mm and a range up to 
160 mm when oncoplastic resections are utilized [31].

If re-excision is needed for inadequate surgical margins 
following the initial resection, both the surgical approach 
and timing of the operation must be considered. When the 
positive margin involves a minority of the specimen, the 
entire biopsy cavity does not need to be re-excised and 
instead can be directed toward the inadequate region. If 
re-excision is delayed for 3–4 weeks, the previous seroma 
cavity may be nearly reabsorbed, which leaves a fibrous 
biopsy cavity that can be easily located by intraoperative 
palpation. With noninvasive cancer, Dr. Silverstein has 
suggested that it is feasible to delay re-excision for up to 
3 months, at which point the seroma cavity has been fully 
reabsorbed [32].

When all the margins of resection are positive, mastec-
tomy may be needed to attain satisfactory surgical clearance. 
In this instance, it may be technically challenging to include 
both the initial oncoplastic incision and the NAC in a 
subsequent total mastectomy, and consultation with the 
plastic surgeon in the event of immediate postmastectomy 
reconstruction is mandatory. Despite a clear ability to resect 
widely with these central oncoplastic techniques, inadequate 
margins remain an issue. Although reports remain sparse, 
reported rates of inadequate margins following initial 
resection range from 8% up to 22% [26, 27, 33, 34]. The 
decision between a re-excision and a mastectomy must be 
based on the operating surgeon’s ability to appropriately 
localize the involved region, and with more advanced 
 resections, this may only be possible with breast sacrifice. 
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In a recent review of the available oncoplastic data, conver-
sion to mastectomy was only necessary in 9%, with 55% of 
those mastectomy specimens revealing residual disease [31].

Although large studies of long-term outcomes specifi-
cally addressing oncoplastic approaches in breast conserva-
tion are sparse, the limited available results continue to look 
promising. One investigation from Europe followed 148 
women for a median of 74 months (range 10–108 months), 
and only two were lost to follow-up. Among the 146 
individuals available for analysis, there were only 5 (3%) 
women who suffered an ipsilateral in-breast cancer 
recurrence after 5 years, and all had either T2 or T3 tumors 
at presentation. These authors argued that recurrence rates 
for women with oncoplastic resections and concurrent 
radiation therapy were comparable to the in-breast recurrence 
rates reported with standard breast conservation techniques 
[35]. Studies of more limited follow-up recently reported no 
in-breast local recurrences at 26  months [26], 38  months 
[27], and 34 months [24], although there were some distant 
recurrences reported. More recently, a meta-analysis 
comparing BCS alone to all oncoplastic approaches found 
that patients with oncoplastic resections had lower rates of 
positive margins (12.3% vs. 20.6%) and lower rates of 
re-excisions (4% vs. 14.6%) but higher rates of completion 
mastectomies (6.5% vs. 3.8%) when compared to their 
traditional BCS counterparts [36]. This was accomplished 
with lower complication rates (15.5% oncoplastic vs. 25.9% 
traditional) and achieved lower rates of local recurrence 
(4.2% vs. 7% in BCS alone) over variable follow-up times 
[36], thus demonstrating the safety of these oncoplastic 
procedures. This growing body of literature should serve to 
allay any fears of cosmesis being favored over cancer control.

26.8  Conclusions

Although shown to be a reasonable alternative to mastec-
tomy for the appropriately selected breast cancer patient, tra-
ditional “scoop and run” lumpectomy may result in poor 
cosmesis. Central oncoplastic techniques, including the cen-
tral lumpectomy, batwing mastopexy lumpectomy, donut 
mastopexy lumpectomy, and variations of reduction 
mastopexy lumpectomy, have been developed to address this 
issue. By combining large-volume tumor removal with 
breast flap advancements, the oncoplastic approaches allow 
for wider margins of resection and better breast shape and 
contour preservation. Candidates are those felt to be standard 
lumpectomy candidates and include those with no evidence 
of multicentric disease.

Standard preoperative workup, including dedicated breast 
imaging, and tumor localization via any number of techniques 
are necessary to aid the surgeon in successful resection. 
Complications of tissue necrosis are fortunately rare, despite 

sometimes significant remodeling of the fibroglandular 
tissues due to the breast’s rich blood supply. Outcomes 
appear at least equivalent to standard breast conservation 
techniques with generally lower rates of re-excision and 
higher rates of negative margin clearance. Oncoplastic 
lumpectomy can be learned by individuals familiar with 
breast surgical techniques and generally results in better 
cosmesis and equivalent oncologic outcomes.
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Dome Mastopexy

Mahmoud El-Tamer

As its name indicates, dome mastopexy is a simple proce-
dure in which a sliver of skin, in a shape of a dome or cres-
cent, is excised to lift a ptotic breast (Fig.  27.1). Some 
authors describe this technique as a crescent mastopexy; 
“dome” and “crescent” terms are interchangeable, however. 
This procedure is simple and easy to learn. It is applicable to 
tumors in the central or upper quadrants of the breast, par-
ticularly for lesions located in the 12:00 o’clock axis. I have 
not applied this technique to resect lower quadrant breast 
lesions. The dome mastopexy procedure may be performed 
with different extensions either for extended exposures or to 
excise laterally or medially located tumors.

The dome of skin excised above the upper edge of the 
areola has multiple purposes:

 1. As part of an en bloc resection of the tumor
 2. Exposure
 3. Resection of redundant skin to accommodate for the loss 

in breast volume
 4. Elevation of the nipple areola complex.

In preparation for such a procedure, surgeons must famil-
iarize themselves with the nipple line. This is a line that con-
nects the mid clavicle to the nipple (Fig. 27.2). Ideally, this 
line is drawn with the patient in the upright position. The 
nipple should be mobilized upward along that line. Positioning 
of the nipple off that line may result in an unsatisfactory cos-
metic outcome. The lower part of the dome is the upper edge 
of the areola and extends from 9:00 to 3:00 o’clock. The 
upper incision is a semicircular ellipse centered at the nipple 
line (Fig.  27.3). The height of the ellipse will dictate the 
extent of elevation of the nipple areola complex. We have 
avoided large resection of the skin above the nipple areola 
and limited it to a maximum height of 3.0 cm. Significant 
elevation of the nipple areola complex without adjustment of 

the distance between the lower edge of the areola and the 
inframammary line may result in malpositioning of the nipple 
areola complex. In patients with significant ptoses of the 
breast that necessitate a larger ellipse or dome, we would rec-
ommend using a different type of mastopexy technique.

Depending on the location of the tumor, the ellipse of skin 
may be resected en bloc with the underlying tumor or simply 
de-epithelialized and used for access. For periareolar lesions, 
particularly those that are close to the skin, we favor the en 
bloc excision of the skin (see Case 1). In cases where the 
lesion is at a distance from the nipple, we have favored de- 
epithelializing the epidermal layer of the dome (Fig. 27.4). 
The skin incision is performed at the upper edge of the dome. 
We do not recommend using the dome mastopexy in cases 
where the tumor is very superficial and at distance from the 
nipple, where the resection would necessitate inclusion of 
the overlying subcutaneous tissue and/or skin.
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Fig. 27.1 Dome incision (Used with permission from El-Tamer M, ed. 
Principles and Techniques in Oncoplastic Breast Cancer Surgery. 
World Scientific Publishing 2013; Singapore)
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Regardless of which approach is used for the dome, en 
bloc resection or de-epithelialization, the skin flaps are raised 
to expose the underlying the breast. The tumor is resected 
while using sound oncologic techniques and maintaining 
adequate  perfusion to the nipple areola complex (Fig. 27.5). 

After completion of the resection, the breast is elevated off 
the underlying pectoralis fascia as needed. We have routinely 
used hemoclips to mark the edges of the defect, to help guide 
further radiation therapy. The breast tissue is mobilized and 
approximated using one of the glandular displacement tech-
niques as described in the chapter entitled Glandular 
Displacement Techniques. We have usually selected a repair 
that achieves the best final position of the nipple areola 
complex.

Following the repair of the defect, the superior and infe-
rior edges of the dome are approximated with triangular 
sutures (Fig. 27.6) to accommodate for their length discrep-
ancy. The triangular sutures are placed subdermally, while 
using 3-0 or 4-0 Vicryl. The suture is placed in a vertical 

Fig. 27.2 Nipple line. The nipple line starts at the mid clavicle (6–7 cm 
from the sternal notch) and extends through the nipple (Used with per-
mission from El-Tamer M, ed. Principles and Techniques in Oncoplastic 
Breast Cancer Surgery. World Scientific Publishing 2013; Singapore)

Fig. 27.3 The dome design with the patient on the table (Notice the 
highest point of the ellipse is centered along the nipple line) (Courtesy 
of Dr. Mahmoud El-Tamer, Memorial Sloan Kettering Cancer Center, 
New York, NY)

Fig. 27.4 The epidermal layer of the dome is de-epithelialized. The 
incision starts close to the upper level of the dome, the flaps are raised, 
the breast is exposed, and the resection is conducted (Courtesy of Dr. 
Mahmoud El-Tamer, Memorial Sloan Kettering Cancer Center, 
New York, NY)

1 cm.

Fig. 27.5 The breast tumor is resected with the best attempt at achiev-
ing negative margins. The vascularity of the nipple areola complex 
should be maintained. In this drawing, we set the height of the dome at 
1 cm. The height of the dome is usually determined by the extent of 
desired elevation of the nipple areola complex and the extent of the 
volume of tissue resection (Used with permission from El-Tamer M, ed. 
Principles and Techniques in Oncoplastic Breast Cancer Surgery. 
World Scientific Publishing 2013; Singapore)
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fashion at the lower edge of the dome and transversely at the 
upper edge. The discrepancy of the length ought to be spread 
equally between the multiple triangular sutures. The epider-
mal layer is usually approximated with a running absorbable 
4-0 monofilament suture. At the completion of the skin 
 closure, the skin will show some wrinkling at the upper edge; 
this effect will resolve over time (see Case 1).

We have applied this technique to retroareolar lesion with 
great success; in such cases, the nipple areola complex is 
elevated as a dermal flap with particular attention to main-
taining its vascularity.

We have avoided placing surgical drains following this 
procedure. We cover the wound with a light occlusive dress-
ing while keeping the nipple exposed (Fig. 27.7). We fre-
quently use a postoperative supportive brassiere to hold the 
breast repair and minimize the feeling of heaviness.

27.1  Dome Mastopexy Extensions

The dome mastopexy technique is very versatile. Extensions 
may be added to accommodate different clinical scenarios. 
Small areolas may significantly limit access to the breast. To 
cope with such a limitation, the dome can be extended later-
ally, medially, or in both directions. The bilateral triangular 
extensions have been described by Anderson et  al. as the 
“Batwings” [1], and the group at the Institut Curie in Paris 
has named the procedure the omega plasty [2].

The planning of such a procedure follows the same prin-
ciple described for the dome mastopexy with some important 
nuances. The lower incision surrounds the upper edge of the 
areola (Fig. 27.8a). The upper incision, however, is a parallel 
semicircle placed above the areola at the desired extent of 

elevation of the nipple areola complex (Fig. 27.8b). The cen-
ter of elevation must remain along the nipple line. The upper 
and lower semicircles are connected laterally and medially 
by triangular extensions as shown in (Fig.  27.8c). In our 
practice, we have limited the bilateral triangular extensions 
to patients with very small areolas that limit the exposure.

Dome mastopexy can be extended to include tumors that 
are medial or lateral to the nipple areola complex. These 
extensions allow complex en bloc resection of skin and 
underlying breast for tumors located at the 3:00 and 9:00 
o’clock axes (Fig. 27.9a–c). To maintain proper vascularity 
and sensation to the nipple, we only de-epithelialize the skin 
of the dome as seen in Case 1.

27.2  Cases

(All images courtesy of Dr. Mahmoud El-Tamer, Memorial 
Sloan Kettering Cancer Center, New York, NY)

27.2.1 Case 1

A 36-year-old woman who noticed a palpable left subareolar 
thickening. A mammogram showed a 3  cm mass with 
obscured borders in the retroareolar area that corresponded 
on ultrasound to a ×2.8 2.2 cm hypoechoic mass. An ultra-
sound-guided core needle breast biopsy yielded an estrogen 
and progesterone receptor positive infiltrating ductal carci-
noma; the HER2/neu oncogene was not amplified. Clinically, 
the mass was vague. No axillary nodes were palpable.

A radioactive seed was placed next to the clip to localize 
the mass.

Fig. 27.6 The superior edge of the dome is obviously longer than the 
inferior. To correct for this difference in length, the subdermal sutures 
are placed in a triangular fashion, vertically at the inferior edge, and 
transversely at the superior part (Courtesy of Dr. Mahmoud El-Tamer, 
Memorial Sloan Kettering Cancer Center, New York, NY)

Fig. 27.7 The final dressing covers the surgical incision while keeping 
the nipple exposed to avoid any compromise of its blood supply 
(Courtesy of Dr. Mahmoud El-Tamer, Memorial Sloan Kettering 
Cancer Center, New York, NY)
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a

c

b

Fig. 27.8 Dome mastopexy extensions. (a) The lower incision surrounds the upper edge of the areola. (b) The upper incision is a parallel semi-
circle placed above the areola at the desired extent of elevation of the nipple areola complex. (c) The upper and lower semicircles are  connected 
laterally and medially by triangular extensions (Used with permission from El-Tamer M, ed. Principles and Techniques in Oncoplastic Breast 
Cancer Surgery. World Scientific Publishing 2013; Singapore)

a

c

b

Fig. 27.9 Complex en bloc resection of skin and underlying breast for tumors located at the 3:00 and 9:00 o’clock axes (Used with permission 
from El-Tamer M, ed. Principles and Techniques in Oncoplastic Breast Cancer Surgery. World Scientific Publishing 2013; Singapore)
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Case 1 Image 1

Case 1 Image 1. Tumor Localization. The patient had a seed localiza-
tion to facilitate resection by way of a dome mastopexy

Case 1 Image 2. Patient on the Operating Room Table for a Planned 
Dome Mastopexy. This image shows the patient on the OR table for the 
planned dome

Case 1 Image 3. Resected Specimen. The specimen and the margins 
measured 10.5 × 7.0 × 4.0 cm. It is our practice to shave the cavity and 
submit separate margins; all were reported as negative

Case 1 Image 2 Case 1 Image 3

Case 1 Images 4 and 5

Case 1 Images 4 and 5. Intraoperative Image After Completing the Excision of the Tumor. The nipple areola complex was elevated as a dermal 
flap, and the totality of the underlying tissue was resected. These images show the defect of the breast and the nipple areola dermal flap

27 Dome Mastopexy
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Case 1 Image 6

Case 1 Image 7. Intraoperative View of Closed Wound. The dome 
cutaneous defect was closed primarily with triangular sutures, as previ-
ously described. The discrepancy in the length of the skin edges was 
distributed over the length of the incision. The subtle wrinkling of the 
upper edge remains noticeable, howeverCase 1 Image 6. Defect Repair with Purse-String Suture. Due to the 

location of the defect, the extent of resection and the grade 1 ptosis of 
the breast, we have used a purse-string technique to approximate the 
defect as seen in Image 6

Case 1 Image 7

Case 1 Images 8 and 9

Case 1 Images 8 and 9. Two Weeks Postoperatively. Due to the extent of resection and shaving the base of the nipple as an anterior margin, the 
nipple showed some subtle ischemia at her postoperative visit. The operated left breast is clearly less ptotic than the right

M. El-Tamer
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Case 1 Images 10 and 11

Case 1 Images 12 and 13

Case 1 Images 12 and 13. Yearly mammogram. A mammogram was performed 1 year after the surgical intervention. The hemoclips are clearly 
seen. There is minimal postoperative scarring, as the lumpectomy cavity was closed. There was no evidence of any recurrence

Case 1 Images 10 and 11. Seven Months Postoperatively. The patient completed the radiation treatment course. The subtle nipple compromise 
has completely recovered and the skin wrinkling faded. The patient has an excellent cosmetic result

27 Dome Mastopexy
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Case 1 Images 14 and 15

27.2.2 Case 2

Case 2 Image 1
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Case 2 Image 1. Dome with Lateral Extension. The patient received 
neoadjuvant chemotherapy with 7 cm calcifications. The tumor was lat-
erally located. The dome was de-epithelialized, and the tumor was 
excised en bloc with the overlying skin

Case 1 Images 14 and 15. Two-and-a-Half Year Follow-Up. At 2.5 
years follow-up, the patient is pleased with her cosmetic result. She did 
report significant recovery of nipple sensation. The left breast is slightly 

asymmetric from the right side; however, the patient is satisfied due to 
the lack of ptosis. She did not want any symmetrizing procedures
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Round Block Technique

Fábio Bagnoli, Guilherme Novita, Vicente Renato Bagnoli, 
and Vilmar Marques Oliveira

28.1  Introduction

Conservative surgery followed by radiation therapy is con-
sidered the method of choice for the treatment of breast can-
cer, based on evidences of numerous studies and mainly on 
randomized clinical trials conducted by Umberto Veronesi in 
Italy and Bernard Fisher in the United States with results 
published in the late 1970s and early 1980s and updates of 
over 20 years. The results of these clinical trials have shown 
that the overall patient survival was the same when they were 
treated by mastectomy or quadrantectomy followed by 
radiation therapy (41.2%/41.7%; p = 1.0) [1], and therefore 
if there is no contraindication to conservative treatment and 
if this is the patient’s choice, it has become the surgical 
treatment of choice [1, 2].

In addition to oncological safety, studies have shown that 
breast sparing and good postsurgical esthetic outcomes have 
a positive psychosocial impact on patients [3, 4].

In some cases, even though conservative surgery ade-
quately treats cancer, it results in breast mutilation levels 
whose deleterious esthetic effects are very important, and 
thus, the partial reconstruction of the breast, also called 
oncoplasty gains space [5, 8]. Waljee et al. [9] compared the 
degree of asymmetry after conservative breast surgery and 
quality of life, concluding that the more marked the 

asymmetry, the greater are the depression symptoms, fear of 
dying, and fear of recurrence in addition to the unfavorable 
effect of quality of life.

The concept of breast oncoplasty was developed in large 
Europeans centers and represents a major advance in the sur-
gical treatment of breast cancer, integrating classic concepts 
of breast plastic surgery to oncological treatment.

Oncoplastic surgery is aimed at providing optimal surgi-
cal outcomes in the treatment of the disease as well as pro-
viding a good quality of life to these patients [6–10]. It is 
based on the displacement principle, where the correction of 
the defect promoted by the removed tissue volume is enabled 
by the use of residual breast tissue.

Depending on the tumor location, the best technique is 
individualized, chosen, and indicated on a case-by-case basis. 
It is essential to resect the area involved by the tumor with 
free surgical margins, maintain irrigation of the nipple- areola 
complex (NAC), adequately correct hypertrophy and breast 
ptosis whenever present, and with the remaining breast tissue, 
remodel providing a natural aspect to the breast cone [7].

Well-established mammoplasty techniques were incorpo-
rated in partial breast reconstruction after oncological surgery, 
including the superior pedicle technique reported by Pitanguy 
(1961) [11, 12], the inferior pedicle technique reported by Lyacir 
Ribeiro [13], the periareolar technique reported by  Andrews 
[14], and the periareolar round block reported by Benelli [15].

28.2  Periareolar Mammoplasties

28.2.1  Round Block Technique

The Round Block periareolar technique was reported in 1988 
by Benelli [15] and differed from the periareolar mammo-
plasty techniques used until then, since with certain details 
of the new technique, the indications for periareolar mam-
moplasty were no longer limited to small volume breasts and 
those with a small degree of ptosis. Another advantage of the 
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new technique was the lower incidence of enlargement and 
distortion of the scar caused by suture tension [16–22].

The surgery is based on the use of an inverted T internal 
mastopexy and sparing of breast tissues in the upper quad-
rants where the pedicles irrigating the NAC are located. On 
the other hand, the skin, as opposed to the inverted T tech-
nique, is only incised around the areola. To guarantee mainte-
nance of breast format, most of the times the author reports 
breast gland fixation to the pectoralis major muscle as an 
important aspect. One of the main elements of the technique 
is to treat ptosis and hypertrophy by using a blocked circular 
dermal suture passed in a purse-string fashion. The round 
block constitutes a cerclage, fixing a solid circular dermoder-
mal scar block around the areola [23, 24].

The periareolar approach may be used in different surger-
ies, such as mastopexy, reduction or augmentation masto-
pexy, tumorectomy, quadrantectomy, and nipple- sparing 
mastectomy.

With the development of oncoplastic surgery, periareolar 
techniques gained space in breast oncologic and repair 
treatment. Among them, in addition to the round block, we 
highlight a technique reported by Góes in 1989 [25], where 
as opposed to the round block, irrigation of the nipple–
areolar complex does not come from the superior pedicles, 
but from the posterior deep perforating vessels, since this 
technique includes an incision and 360° dissection around 
the areola [26]. A combination of techniques enabled access 
to tumors in different topographies in addition to breast 
remodeling, correction of ptosis, and breast hypertrophy.

Therefore, with adequate planning, periareolar round 
block and other techniques may be used in the oncoplastic 
treatment of breast cancer.

28.2.2  Patient Selection

Before proposing any surgical technique, it is essential to 
carefully evaluate patient’s expectations regarding treat-
ment outcomes. In most cases, sectorectomy or quadrantec-
tomy will adequately treat patients without leading to 
unsatisfactory esthetic results. However, there are situations 
such as resections of 20% or more of breast tissue in any 
quadrant, 10% or more of medial and inferior quadrants and 
central quadrant resections or superior quadrant junctions, 
where surgical treatment may cause significant anatomic 
defects [8, 27, 28].

With a careful assessment of breast size, degree of ptosis, 
tumor location, tumor–breast relationship, comorbidities, 
and patient’s expectations we can determine indications and 
absolute and relative contraindications for the use of round 

block periareolar techniques which will be detailed in 
Table 28.1 [1, 2, 6, 8, 15, 22, 27–29].

28.3  Surgical Technique

28.3.1  Patient Marking

With patient in standing or sitting position, trace a line divid-
ing the breast in half to maintain symmetry and correction of 
very lateralized or medialized areolas. The new topography 
of the papilla will be the projection of the tip of a finger 
placed at the level of the inframammary sulcus, which 
depending on the patient’s biotype will have a distance of 
18–22 cm from the sternal furcula and should not be located 
above the midline of the patient’s arm. Point A (superior 
edge of the areola) will be marked 2 cm from the new topog-
raphy of the papilla. Point B (the inferior edge of the areola) 
must be at a distance of 4–7 cm from the inframammary sul-
cus depending on breast volume, but most of the times it will 
be 5–6 cm. Once points A and B are determined, an ellipse is 
traced checking points C and D, where C is the lateral limit 
and D is the medial limit which will be at a distance of 

Table 28.1 Indications and absolute and relative contraindications for 
periareolar round block oncoplastic surgery in breast-sparing surgery

Indications
Absolute 
contraindications Relative contraindications

Tumor–breast 
relationship 
suitable for 
conservative 
surgery

Contraindications to 
conservative surgery

Marked degree of breast 
ptosis

Tumors in any 
breast quadrant

Breast–tumor 
relationship does not 
allow adequate breast 
remodeling

Overly fatty-replaced 
breasts

Small- and 
medium-sized 
breasts

Need to resect a large 
amount of skin

Very large breasts

Medium, small, 
or no degree of 
ptosis

Some comorbidities and 
habits (decompensated 
diabetes, active collagen 
disease, obesity, vascular 
diseases, and smoking)

Resection of 
20% of breast 
tissue in any 
quadrant
Resection of 
10% of breast 
tissue in medial 
or inferior 
quadrants
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8–12 cm from the midsternal line. In breasts without ptosis 
where there will not be a repositioning of the nipple–areolar 
complex (NAC), only a circle should be marked around the 
NAC to resect eventual excess skin and guarantee good sur-
gical access. It is important to double check markings using 

the pinching maneuver, joining points A and B together and 
then C and D to make sure the remaining skin is enough to 
cover the mammary gland without any tension. In the contra-
lateral breast, the same marking steps should be followed 
(Fig. 28.1) [6, 22, 25, 26, 29].

a

c

b

Fig. 28.1 Skin marking. For descriptions of points A, B, C, and D see text

28 Round Block Technique
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28.3.2  Breast Incision, Dissection, 
and Remodeling

Mark the areola with the areolotome and make an incision 
using the cold scalpel until the dermis is visualized. 
De-epithelize between the skin incision and the previous 
marking. Depending on tumor location and the degree of 
ptosis, perform an incision throughout the dermis around the 
areola (360°) or choose a main pedicle whose dermis should 
not be incised. If you have chosen to use a main pedicle, do 
not detach the gland in its topography (Figs. 28.2 and 28.3). 
However, if you have chosen to maintain NAC irrigation 
using the posterior branches, dissect the mammary gland all 
the way to its deep limits, maintaining a skin and subcutane-
ous cell tissue flap with a thickness of 0.5–1 cm.

Define the tumor resection area by performing a sectorec-
tomy. Perform gland remodeling by detaching the gland 

flaps surrounding the resection area and approximating them 
to cover the sectorectomy resection defect (Fig.  28.4). 
Sentinel lymph node biopsy or axillary lymphadenectomy 
may be performed through the same incision or separately.

Suture is performed in three planes: (1) purse-string 
suture more deeply in the dermis (nonabsorbable suture: 
prolene 2-0, mononylon 2-0) to decrease the circumference 
and decrease the probability of enlarging the scar (Fig. 28.5). 
The same areolotome used in the beginning should be used 
to determine the diameter of the new areola; (2) dermal 
suture with inverted separate stitches on cardinal points for 
an adequate distribution of the areola (preferably absorbable 
suture: monocryl 3-0); (3) intradermal occlusive suture 
(preferably absorbable suture: monocryl 3-0 or 4-0) 
(Fig. 28.6).

In the contralateral breast, perform the same surgical 
times, and in case of symmetric breasts, use a mirror image 

a

c

b

Fig. 28.2 Incision throughout the dermis around the areola (360°) until glandular limits
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resection of the same amount of breast tissue [6, 22, 25, 26, 
29] (Figs. 28.7 and 28.8).

28.4  Discussion/Conclusion

Oncoplastic surgery has gained more space in the treatment 
of breast cancer, bearing in mind that its efficacy in oncologic 
treatment enables the repair and reduction of eventual 
unsatisfactory esthetic results. Numerous studies have 
evaluated the safety of the oncologic and plastic surgery 
combination. Among them, we highlight the meta-analysis 
by Losken et al. [30] demonstrating that conservative surgery 

combined to mammoplasty techniques have guaranteed 
longer disease-free survival (p  <  0.0001) in addition to 
greater satisfaction with the esthetic outcomes (p > 0.001) 
when compared to patients undergoing conservative surgery 
without mammoplasty techniques. Lorenzi et al. in a cohort 
study [31] where 454 patients were evaluated with a 
follow-up of 7.2 years observed similar overall survival 
among patients undergoing conservative surgery whether 
combined or not to mammoplasty techniques (91.4%/91.3%) 
and lower local recurrence rates, without significant statistical 
difference, in the group combining mammoplasty techniques 
(69%/71.3%). As major complications of mastopexies and 
esthetic periareolar mammoplasties when compared to other 

a

c

b

Fig. 28.3 Incision throughout the dermis around the areola (approximately 180°)
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a b

c d

Fig. 28.4 Perform gland remodeling by detaching the gland flaps surrounding the resection area and approximating them to cover the sectorec-
tomy resection defect

a b

Fig. 28.5 Purse-string suture more deeply in the dermis to decrease the circumference and decrease the probability of enlarging the scar
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techniques are evaluated. Rohrich [32] observed that the 
periareolar group reported suture spitting (61.8%), excess 
scarring (50%), and the need for revision (50%) as the most 
frequent complications. And this compared to other tech-
niques had significant statistical difference (p = 0.002). In 

this scenario, we highlight periareolar techniques, and more 
specifically the Round Block technique, which tend to pro-
vide satisfactory results when used appropriately in cases of 
small- and medium-sized breasts with no ptosis or with mild 
ptosis and not accentuated ptosis.

a

c

b

Fig. 28.6 (a) The areolotome used to determine the diameter of the new areola; (b) dermal suture with inverted separate stitches on cardinal points 
for an adequate distribution of the areola; and (c) intradermal occlusive suture

28 Round Block Technique
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Fig. 28.7 Patient with invasive carcinoma on the upper external quad-
rant on the left breast underwent immediate reconstruction with local 
glandular flaps periareolar “round-block” technique (a, b, c, d, e, f, g, 

h, i, j, k , l). Postoperative appearance at 3 weeks with a hematoma 
involution (m, n, o)

a b c

d

g

j k
l

h

i

e
f
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m n o

Fig. 28.7 (continued)

Fig. 28.8 Pre- and post-operatory of quadrantectomy and periareolar round block technique

a b c

d e f
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Superior Pedicle Techniques

Flavia Kuroda, Cicero Urban, and Mario Rietjens

29.1  Introduction

Breast conservation therapy (BCT) has become an increas-
ingly popular treatment option for women with breast can-
cer. In select patients, the lumpectomy defect and adjuvant 
radiation therapy can cause substantial breast deformity in 
shape, size, and nipple-areola complex (NAP) position [1]. 
Poor cosmetic results of BCT have been reported in 5–40% 
of patients [2–4]. This occurs more often when tumor/breast 
size ratio is unfavorable.

Several oncoplastic surgery (OP) techniques have been 
incorporated in BCT in an attempt to optimize the balance 
between the risk of local recurrence and cosmetic outcomes 
[2, 5]. These techniques include local tissue rearrangement, 
reconstruction thought reduction mammoplasty or mastopexy 
approaches, and transfer of local-regional flaps. The 
combined plastic surgery techniques of tissue replacement or 
rearrangement provide a wider local excision while achieving 
better shape and symmetry [6].

The combination of a tumor resection in a mammoplasty 
pattern with a contralateral breast reduction for symmetry 
was introduced in the late of 1980s. Positive results in terms 
of margins and cosmetic outcomes have been reported by 
many authors. In addition to reducing reoperations in BCT, 
OP can improve the effectiveness of radiation therapy, 
alleviate somatic symptoms that may accompany large 

pendulous breasts, and enhance the patient’s perceptions of 
their bodies after surgery [5, 7, 8].

There are many algorithms and approaches for mastopexy 
and reduction patterns in OP, including different skin reduc-
tion patterns, NAC pedicles, and breast tissue rearrangement. 
Superior pedicle breast technique is one of the most popular 
and useful in practice. So, in this chapter it will be discussed 
their indications, surgical techniques, and outcomes.

29.2  Patient Selection

The choice of the pedicle in OP is related to tumor location 
and some breast characteristics. Good knowledge of the 
breast blood supply is essential for designing different poten-
tial pedicles to carry the NAC and reconstruct the defect [9]. 
Superior pedicle technique is useful for treatment of tumors 
in inferior quadrants, from 4 o’clock to the 8 o’clock posi-
tion, and is appropriate for large and ptotic breasts or 
medium-volume breasts with minimal ptosis.

NAC is plicated higher on the thoracic wall with this tech-
nique. Therefore, it is reliable and able to preserve nipple 
sensation. However, some caution arises from difficulty in 
moving NAC, especially in patients with significant hyper-
trophy and high degree of ptosis. Use of this pedicle may be 
particularly difficult when it is necessary to do large 
 reductions [5].

The pattern of incisions used in superior pedicle includes 
wise pattern and vertical ones. Traditional wise pattern inci-
sion (or inverted “T”) is the most commonly used because 
offers more opportunities for breast reshaping. This incision 
travels along the inframammary fold (IMF), up to the NAC 
[5], as described by Pitanguy in 1960 [10]. It Combines 
wider excision of the lower outer, central, and lower inner 
quadrants, with excess of gland resection resulting in an 
improved aesthetic for large and ptotic breasts [11]. Skin 
overlying the tumor can be removed en bloc. Wise pattern 
also has the advantage that axillary surgery could be 
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 performed through the tail of the incision [12], although 
many surgeons opt for axillary incisions.

Vertical scar technique was first described by Arie in 1957, 
but did not gain popularity because the scar often extended 
below IMF. Lassus in 1969 [11] and Lejour in 1994 [13] 
renewed the interest in this technique. Hall-Findlay described 
a modification of Lejour’s technique in 1999 [14], with a 
medial pedicle, very popular in aesthetic surgery. In vertical 
incision mammoplasty, the incision is made around the nip-
ple-areola complex and extended down to the IMF. It is ideal 
for inferior pole tumors, which can be widely excised within 
the boundaries of the standard markings. Tumors lying just 
outside the design can be approached with a parenchymal flap 
from the opposite breast pillar [11]. The advantages of this 
technique include shorter skin incisions, straightforward 
glandular resection, and shorter pedicle which offers reliable 
blood supply to the NAC for a variety of breast sizes [14].

Comparison between different superior pedicle tech-
niques in OP, regarding to patient selection is shown in 
Table 29.1.

29.3  Preoperative Planning

Patients were seen preoperatively by a multidisciplinary 
team that discusses the case and reviews all the exams. 
Surgeon plans the tumor removal with or without 
radiographic/ultrasound/MRI guidance. The team approach 
is critical in defining areas of excision and in designing 
reduction techniques. Preoperative photographs are taken in 
front view, three-quarter view right and left, and lateral view 
right and left.

Drawings are done with the patient in a standing position. 
Landmarks are boldly indicated, as they provide orientation 
for intraoperative tailoring, guiding to prevent unnecessary 
resections. Landmarks include the midline of the chest, 
extending from the sternal notch to superior part of abdominal 
wall. The anterior axillary fold and existing IMFs are also 
marked. The axis of each breast is determined and typically 
runs from the midclavicular line to the NAC. Tumor location 
was marked on the breast skin. The site of the future superior 
border of NAC is determined by projecting the inframammary 
fold onto the anterior breast skin. The superior NAC (point 
A) is marked 2 cm above this point, so the distance of the 
future NAC to suprasternal notch ranged between 19 and 
25 cm. Point B can be obtained by drawing an inverted “T” 
of 5-4-4  cm, which creates NAC whose diameter is 
approximately 45 mm. The superior drawing is made in a 
mosque dome pattern, in order to reduce the tension at point 
B. A vertical pillar design is made through superior-internal 
and superior-external mobilization of the breast, as described 
by Lejour [15]. The decision on whether to perform only a 
vertical scar or an inverted “T” scar will depend on the tumor 
location, the level of hypertrophy, and the level of ptosis. For 
midline tumors, small breasts, and those with less ptosis, it is 
possible to perform only a vertical scar, but for large breasts 
and further lateral tumor with major ptosis, an inverted “T” 
scar will avoid the cutaneous excess such as the skin fold 
produced in the vertical scar. The position of the scar as 
vertical or an inverted “T” can be central (more frequent), 
medial, or lateral, according to the location of the tumor and 
the need for skin removal on the nodule aiming to obtain 
better surgical radicalization [16].

29.4  Surgical Technique

Superior pedicle mammoplasty is performed by making two 
semicircular periareolar incisions, one along the border of 
the areola and other one superior and parallel to this. Skin 
between these incisions is subsequently deepithelialized. 
The NAC is dissected free from the breast tissue on a superior 
dermoglandular pedicle. An inframammary incision is then 
created, and the breast tissue is widely undermined and freed 
from the fascia of the pectoralis muscle. The tumor and 
surrounding margins are removed en bloc with the overlying 
skin, down to the pectoralis fascia [8, 17]. Weight of the 
lumpectomy specimen should be recorded to determine the 
amount of additional breast tissue to be removed on the 
ipsilateral side and the total amount to be removed on the 
contralateral side. All tissue removed is routinely marked 
and prepared for histopathological analysis. Surgical clips 
are placed in the tumor bed to allow targeted postoperative 
radiotherapy [18] (Fig. 29.1).

Table 29.1 Comparison between different superior pedicle techniques 
in oncoplastic surgery

Pitanguy (1960) Lejour (1994) Lassus (1969)
Skin markings Wise pattern Vertical 

pattern
Elliptical 
pattern

Breast 
characteristics

Moderate to big 
hypertrophy and 
ptosis and large 
amount of skin

Mild to 
moderate 
hypertrophy 
and ptosis and 
moderate 
amount of skin

Mild to 
moderate 
hypertrophy 
and ptosis and 
moderate 
amount of skin

Pedicle 
thickness

2–3 cm 2–3 cm 5 mm

Skin 
undermining

Limited Extensive No

Liposuction No Yes (if it is 
necessary)

Yes (if it is 
necessary)

Breast 
reshaping

Skin and 
parenchyma of 
medial and lateral 
pillars sutured 
together with the 
inframammary fold

Skin and 
parenchyma of 
medial and 
lateral pillars 
sutured 
together

Only skin of 
medial and 
lateral pillars 
sutured 
together
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a b

c

f g

d e

Fig. 29.1 Superior pedicle technique step by step in a 50-year-old 
patient with a mild hypertrophy and ptosis and 19 mm invasive ductal 
carcinoma in the inferior quadrants of the left breast. (a) Patient in stand 
position before draws. (b ) Preoperatory draws for a vertical superior 
pedicle oncoplastic surgery (Lejour’s technique). (c) Resection of the 

inferior quadrant of the left breast. (d ) Demarcation of the margins with 
colored buttons to guide the pathologist in margins evaluation. (e) Two 
pillars preserved after tumor resection. (f) Insertion of the clips to guide 
the boost. (g) Final result after symmetrization

29 Superior Pedicle Techniques
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Once the tumor has been removed, its location dictated 
the reduction pattern, resection and insetting. Reshaping of 
the breast is performed by approximating the medial and lat-
eral pillars to fill the lumpectomy defect. The NAC is recen-
tralized by re-approximation of the semicircular periareolar 
incisions [17, 19]. A single drain is placed and the incisions 
are closed with interrupted dermal and running subcuticular 
sutures with absorbable monofilament material.

29.5  Contralateral Breast

Patients who undergo a breast reconstructive procedure may 
require surgery of the contralateral breast in order to obtain a 
better breast symmetry or to improve the aesthetic appearance 
of both breasts. The same procedure is performed in a mirror 
image fashion during the same operation time for the 
contralateral breast. The reduction of the contralateral breast 
offers tissue sampling [20]. The rate of occult breast cancer 
found in contralateral symmetrizing reduction specimens in 
patients undergoing breast reconstruction ranges from 4.6 to 
11% [21, 22].

29.6  Oncologic Outcomes

Although current OP data is based in series of patients and 
some cohorts, it supports its use in BCT. Clough reported a 
prospective analysis of a 100-patient series undergoing more 
complex type of oncoplastic breast surgery, with 5-year 
overall and disease-free survival rates of 95.7% and 82.8%, 
respectively [23]. Rietjens reported an overall local 
recurrence rate of 3% in their series involving similar surgical 
techniques [4]. In addition, there is an increasing evidence 
that OP reduces reoperations in BCT, including some meta- 
analysis [5, 7, 8].

29.7  Aesthetic Outcomes

The rates of satisfactory aesthetic results are encouraging 
with OP as they range between 84 and 89% compared with 
lumpectomy, ranging from 60 to 80% [24]. A meta-analysis 
showed significantly higher satisfaction with aesthetic results 
in OP group (89.5 vs. 82.9% in lumpectomy) [20]. Santos, 
using three different tools—BCCT.core software, specialists, 
and patients evaluation—for comparing aesthetic outcomes 
found higher proportion of excellent aesthetic results in OP 
group [25]. Other series comparing specifically patients with 
lower pole tumors using superior or superior medial pedicle 
found good or very good cosmetic outcomes too [26–28].

29.8  Complications

Superior pedicle techniques are safe and effective in 
OP.  However, complications can occur. Careful patient 
selection will minimize its incidence. Overall OP 
complication rate ranges from 15 to 30% [5]. Some specific 
complications of this type of surgery include skin/flap 
necrosis, NAC necrosis, seroma, hematoma, infection, 
wound dehiscence, and fat necrosis. The most common 
complication in wise pattern/inverted “T” techniques is 
delayed healing of the “T” junction (the areas where 
perpendicular pillars are sutured. This is due to reduced 
vascular perfusion. While wound-healing complication may 
delay time to adjuvant radiotherapy, this is a rare occurrence 
in all series reported to date [6]. Obesity, diabetes, and 
tobacco-addicted patients have higher complication rates. If 
adjuvant chemotherapy is planned, it may begin even if it is 
not completely healed. However, for radiotherapy everything 
should be healed before its beginning [5].

29.9  Conclusions

OP, using superior pedicle techniques, is an extremely valu-
able tool in comprehensive oncologic treatment. This is rela-
tively simple, reliable, and highly versatile technique and 
leaves patients with minimal breast deformities following 
proper treatment, without compromising oncologic safety. 
Careful patient selection, coordinated team planning, and 
meticulous intraoperative management are the keys to 
favorable surgical outcomes.
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Partial Breast Reconstruction:  
Inferior Pedicle Techniques

Albert Losken

30.1  Introduction

Partial breast reconstruction is occasionally required after 
tumor resection in women who choose breast conservation 
therapy (BCT) [1]. Various options exist including rearrang-
ing breast tissue and flap transfer. The oncoplastic reduction 
or mastopexy technique is very beneficial and seems to be 
one of the more commonly used approaches [2, 3]. Plastic 
surgeons are familiar with different breast reduction tech-
niques and pedicles and will often have preferences in terms 
of which technique they perform most of the time. The same 
applies for oncoplastic reduction techniques; however, loca-
tion of the tumor defect in addition to breast size and shape 
will influence the decision.

The inferior pedicle is still one of the most commonly 
performed breast reduction techniques since it is easy to per-
form, reliable, and versatile [4]. It makes sense for it to be a 
commonly used technique in oncoplastic reduction for 
defects as well and can essentially be used to reconstruct a 
partial mastectomy defect in any location except purely 
 inferior [5].

30.2  The Benefits of the Inferior Technique

The inferior pedicle can reliably keep the nipple areolar 
complex well perfused in almost any breast size and shape. It 
is a technique that is easy to learn and is reproducible. The 
complications are comparable to other approaches [6]. 
Although it does require some flap undermining and the 
Wise pattern in the majority of cases, it can be performed in 
2–3 h. Some feel that the inferior pedicle has a lower compli-

cation rate since its inferior location obliterates dead space in 
the dependent region of the breast. In a recent publication of 
oncoplastic techniques in 353 patients, the complication rate 
was 16%, and at over 1 year postoperatively, women reported 
increased self-confidence (p = 0.020), feelings of attractive-
ness (p = 0.085), emotional health (p = 0.037), and satisfac-
tion with sex life (0.092) [12]. The positive margin rate was 
6%, and at a mean follow-up of 2 years, the recurrence rate 
was 6.25%.

30.3  Indications

The indications for an inferior pedicle oncoplastic reduction 
are women with breast cancer who wish to preserve their 
breasts and have moderate- to large-sized breasts with pto-
sis. A reduced breast will tolerate radiation therapy better 
than a large breast, and aesthetic results have been shown to 
be superior. If the tumor is in the upper or medial pole and 
there is a concern about creating an unfavorable result from 
a cosmetic standpoint with lumpectomy alone, then this 
oncoplastic approach would be preferable: if medial, supe-
rior, or lateral tumors where the respective surgeons are con-
cerned about being able to obtain negative margins and 
anticipate a large resection of if the tumor to breast ratio is 
greater than 20%, then this is another indication for an infe-
rior pedicle oncoplastic procedure. The ideal patient is one 
where the tumor can be excised within the expected breast 
reduction specimen where sufficient breast parenchyma 
remains following resection to reshape the mound 
(Fig. 30.1).

30.4  Contraindications

The inferior oncoplastic pedicle technique typically cannot 
be used if the tumor defect is in the midline lower pole. If the 
tumor defect is slightly off midline and the inferior pedicle 
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can be based more laterally or medially, then it could still be 
used for lower pole tumors. Adequate base width is required, 
and the pedicle cannot be detrimental to shaping the breast 
mound following resection. If it becomes difficult, then a 
more superiorly based pedicle would be preferable. Central 
or subareolar tumors that require tumor resection directly 
beneath the nipple areolar complex could compromise nipple 
viability with a long inferior pedicle. Choosing a shorter 
pedicle or even amputation and free nipple graft is safer. 
Women with a previous infra-areolar biopsy scar or a tumor 
just inferior to the nipple are not candidates for the inferior 
pedicle. Appropriate patient selection as always will 
minimize complications in patients with comorbidities and 
smokers.

30.5  Timing of Partial Breast 
Reconstruction

In general partial breast reconstruction, when indicated, is 
best performed at the time of resection (immediate recon-
struction). The main concern with immediate reconstruction 
is the potential for positive margins. When this concern does 
exist, the reconstruction can be delayed until final confirma-
tion of negative margins (delayed- immediate reconstruc-
tion). This then allows the benefits of reconstruction prior to 
radiation therapy with the luxury of clear margins, although 
at the expense of a second procedure (Fig.  30.2). Such 
women at increased risk of positive margins included 
younger age (<40 years old), extensive DCIS, high grade, 

Fig. 30.1 This 33-year-old woman with stage III breast cancer had excel-
lent response to preoperative chemotherapy and desired breast conserva-
tion. In order to minimize the potential for a poor cosmetic result with a 
defect in the upper pole, she underwent a right wire-guided lumpectomy 

(100 g) with simultaneous bilateral breast reduction (total volumes 250 g 
left and 150 g right). The nipple was moved based on an inferiorly based 
dermatoglandular pedicle. The pedicle filled the defect, and her result is 
shown at 1 year following completion of right breast radiation therapy

A. Losken
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history of neoadjuvant chemotherapy, infiltrating lobular 
carcinoma, and Her2/neu positivity [3, 7, 8]. The main disad-
vantage is the need for a secondary procedure, which might 
be unnecessary in the majority of cases. When a flap recon-
struction is required, we prefer to confirm final margin status 
prior to partial breast reconstruction.

There are situations where poor results are encountered years 
following radiation therapy, which then require correction 
(delayed reconstruction). Reduction techniques should be used 
with caution in patients who have already been irradiated.

30.6  Surgical Technique

30.6.1  Preoperative Planning

The multidisciplinary team discusses the case and reviews 
the films. The resective surgeon plans the tumor removal 

with or without radiographic guidance. The standard Wise 
pattern markings are then drawn preoperatively making the 
nipple in the breast meridian about 19–23 cm from the sternal 
notch. The tumor defect location is anticipated and an 
inferior pedicle is drawn out. It should be about 8 cm wide in 
smaller breasts and 10  cm or more in patients with larger 
breasts. The location of the inferior pedicle can be adjusted 
either medially or laterally to maximize width and blood 
flow depending on the tumor location and degree of breast 
ptosis. A similar pattern is drawn on the contralateral breast 
for symmetry.

30.6.2  Resection

The breast surgeon then performs the tumor resection, ide-
ally below or through the Wise pattern markings and not 
through the base of the inferior pedicle. If this approach is 

Fig. 30.2 This 49-year-old female with macromastia had a resection 
above the nipple areolar complex. Her defect was reconstructed using 
an inferior pedicle breast reduction. Since there is little tissue on the 

pedicle above the NAC to fill the dead space, the glandular tissue is 
plicated above the nipple for upper pole volume. She is shown 1 year 
following completion of radiation therapy (Spear Book, 2009)

30 Partial Breast Reconstruction: Inferior Pedicle Techniques
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required for tumor resection, then an alternative pedicle 
design is required. The skin can be resected along with the 
tumor if desired as long as it is within the proposed area of 
dermatoglandular resection. It is important for the recon-
structive surgeon to be present at the resection until a com-
fortable working relationship is achieved. Following tumor 
resection and intraoperative margin assessment, the cavity is 
clipped for postoperative surveillance and radiation boost-
ing. The tumor specimen is weighed.

30.6.3  Reconstruction

The cavity remaining breast tissue is examined. The goals 
are to (1) keep the nipple alive, (2) fill the dead space, and (3) 
reconstruct or reshape the breast mound. The nipple is 
incised at the appropriate diameter. The standard Wise pat-
tern is cut if not already performed. An inferior pedicle is the 
de-epithelialized. The dermatoglandular pedicle is then cre-
ated with a wide enough base to maintain nipple viability. 
Tissue above the nipple areolar complex is also de-epitheli-
alized and preserved especially in upper pole tumors where 
the pedicle might be required to fill a defect above the pro-
posed new nipple position. Next step is to fill the dead space 
(tumor defect). Additional tissue should not be resected until 
it has been determined that the dead space could be filled 
with either the inferior pedicle, surrounding breast tissue of 

breast flaps. Parenchyma could always be plicated above the 
nipple if need to fill a dead space (Fig. 30.2). Once this is 
achieved, the additional dermatoglandular tissue can be 
resected in the usual reduction fashion and weighed. The 
breast mound is then shaped, skin flaps are closed, and the 
nipple areolar complex is inset. Drains are placed in the 
tumor cavity. The contralateral reduction is then performed 
using the same inferior technique. Ideally the contralateral 
breast is reduced about 10% more than the tumor side in 
anticipation for radiation fibrosis. This will maximize sym-
metry following completion of radiation therapy. Specimens 
are then all sent separately to pathology. Another option with 
the contralateral breast is to perform the reduction following 
completion of radiation; however, this approach would 
necessitate a second procedure in almost everyone (Fig. 30.3).

The inferior pedicle can be adjusted depending on tumor 
location (Fig. 30.4) [5]. The medial wedge of parenchyma 
could be included in the pedicle as an inferomedial design to 
both enhance blood flow to the nipple and provide additional 
bulk to fill an upper or inner quadrant defect (Fig. 30.5). An 
inferolateral pedicle can also be used for lower inner quad-
rant defects.

Autoaugmentation techniques can be used to fill larger 
remote defects and broaden the indications for oncoplastic 
techniques in smaller-breasted women [11]. They could 
either be used as an extended primary nipple pedicle or a 
secondary pedicle. Fifteen percent of extended pedicle 

Fig. 30.3 This demonstrates an upper pole breast cancer resected with 
a wire-guided biopsy leaving a defect above the nipple. A standard 
inferior pedicle Wise pattern oncoplastic reduction was chosen at the 
time of lumpectomy. The right reduction was deferred due to an 

infectious process on that breast. The contralateral breast reduction was 
delayed until completion of radiation therapy (6 months later). She has 
reasonable shape and symmetry at 1  year following completion of 
radiation therapy
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Fig. 30.4 Illustration demonstrating the various modifications to the inferior pedicle based on tumor location

 autoaugmentation were extended inferior pedicles. The infe-
rior pedicle was extended by de-epithelializing beyond the 
NAC to incorporate additional tissue to fill peripheral or 
upper pole defects. When a secondary pedicle was used, the 
most common combination was a superomedial NAC pedi-
cle and an inferiorly based secondary pedicle to fill lateral or 
upper outer quadrant defects. A secondary inferior or infero-
lateral dermatoglandular pedicle was de-epithelialized and 
used to independently fill the tumor defect (Fig. 30.6).

30.7  Surveillance

The three main tools when it comes to postoperative surveil-
lance include the physical examination, radiologic imaging, 
and tissue sampling. It is important that all members of the 
team are aware of the various surgical components, since dif-
ferences in presentation might exist. We recently demon-
strated that mammography following partial breast 
reconstruction using reduction techniques was just as sensi-
tive as a screening tool when compared to patients with BCT 
alone [9]. Although the qualitative mammographic findings 
were similar in the two groups over the average 6-year fol-
low-up, there was a slight trend toward longer times to mam-
mographic stability in the oncoplastic reduction group 
(25.6 months versus 21.2 months in the BCT alone group). 

This means that it might take the oncoplastic reduction 
patients slightly longer to reach the point where any change 
in mammographic findings might be suspicious for malig-
nancy. An accurate interpretation requires familiarity with 
these temporal changes, and mammograms should be com-
pared over time. Microcalcifactions and areas of fat necrosis 
are easily identified, and no interference in postoperative 
surveillance has been demonstrated. Other imaging tech-
niques such as ultrasound and MRI will likely become more 
popular as technology improves. Although routine tissue 
sampling is not recommended for screening, any clinical 
concern necessitates fine needle aspiration, core needle 
biopsy, or surgical biopsy to rule out malignancy. Patients 
who undergo partial breast reconstruction are expected to 
have an increase in the amount of tissue sampling require-
ments, as demonstrated in our series (53% in the oncoplastic 
group compared to 18% in the BCT alone group over an 
average of 7 years).

30.8  Complications and Outcomes

The inferior pedicle reduction pattern is relatively sage and 
affective; however complications can occur. Careful patient 
selection will minimize the incidence of postoperative com-
plications. Some larger series with volume displacement 
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techniques using a variety of reduction techniques report 
complications such as delayed wound healing (3–15%), fat 
necrosis (3–10%), and infection (1–5%) [2, 3, 5]. Loss of 
nipple is very rare when the pedicle is wide enough and the 
technique is well designed and executed. Delayed complica-
tions with the oncoplastic approach include breast fibrosis 
and asymmetry. Although the goal of partial breast recon-
struction is to prevent the unfavorable cosmetic result, this 
approach cannot prevent or reverse the effects of radiation 
therapy. Since these effects will persist, the assessment of 
shape and symmetry needs to be made in the context of long 
term. However, with partial reconstruction shape is typically 
preserved, and it is easier to adjust the contralateral side sec-
ondarily if necessary than reconstruct a radiated BCT defor-
mity. Asgeirsson reviewed numerous series with intermediate 
follow-up and demonstrated cosmetic failure rates of 0–18% 
(50). Local recurrence is another important outcome that 
needs to be evaluated in the oncoplastic patient. Most reviews 

in the literature are of intermediate follow-up (up to 
4.5  years), with local recurrence rates varying from 0 to 
1.8% per year [10]. Actuarial 5-year local recurrence rates 
range from 8.5 to 9.4%. Longer-term studies are required.

Autoaugmentation techniques potentially carry an 
increased risk of fat necrosis and complications. We have 
recently shown in a series of 333 patients (33% with autoaug-
mentation technique) that the overall complication rate was 
not significantly different with it being 15% in the standard 
oncoplastic group and 19.9% in the autoaugmentation group 
[11]. There was no difference in symptomatic fat necrosis.

30.9  Conclusion

The inferior pedicle oncoplastic reduction is a very reliable 
and versatile technique for reconstructing the partial 
 mastectomy defects in women with macromastia or ptosis. 

Fig. 30.5 Intraoperative demonstration of retained medial wedge to the inferior pedicle used to fill an inner quadrant defect following wide 
excision
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This  technique can be used in almost any breast size or 
shape, as long as sufficient tissue remains following tumor 
resection. The inferior pedicle oncoplastic reduction tech-
nique is indicated for any tumor location except purely infe-
rior. Complication rates and aesthetic results are favorable, 
and this approach does not interfere with cancer surveillance. 
We need to critically evaluate results measuring functional, 
oncological, and aesthetic outcomes in an attempt to estab-
lish safe and effective practice guidelines to maximize 
outcomes.
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Alternative Oncoplastic Techniques 
for Challenging Breast Conservative 
Surgeries

Régis Resende Paulinelli

31.1  Introduction

Even in the most favourable cases, a total breast recon-
struction does not have the same comfort, ease and sensi-
bility of the original breast, besides having a higher 
morbidity and a higher risk of complications [1]. In cases 
in which radiotherapy is mandatory, like locally advanced 
tumours, the aesthetic results and risks of complications 
for total breast reconstructions are much worse [2–4]. 
Therefore, it is important to the patient trying to expand 
the indications of the conservative treatment through the 
oncoplastic surgery [5, 6].

Randomized trials have shown that conservative treat-
ment for early breast cancer associated to radiotherapy pres-
ents survival rates similar to those obtained by radical 

mastectomy [7, 8]. Classic indications of mastectomy, such 
as tumour size greater than 5 cm, skin invasion and multicen-
tricity, have become relative, and recent researches have 
failed to demonstrate superiority of mastectomy [9–11].

The same is true for other relative contraindications, like 
young age and unfavourable tumour biology [12, 13]. 
Neoadjuvant therapy and oncoplastic techniques may 
increase the rates of conservative treatment and improve its 
aesthetic outcomes [14–16]. The most important surgical 
element for local control is “free margins”, i.e. pathologic 
margins higher than 1 mm for invasive and 2 mm for in situ 
tumours [17, 18].

Depending on the relationship between tumour size and 
breast size, the aesthetic result may be very unfavourable 
(Fig.  31.1). However, oncoplastic techniques may allow 
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 resection of large areas of the breast, with adequate surgical 
margins and, at the same time, preventing or correcting defor-
mities, asymmetry and ptosis [6, 14, 19, 20]. Figure 31.2 shows 
an algorithm for deciding when to indicate a usual lumpec-
tomy, an oncoplastic technique or a mastectomy (Fig. 31.2).

Smoking, obesity, comorbidities and previous radiother-
apy are risk factors for complications and demand the use of 
more limited techniques, or less glandular detachment, to 
lower the risk of necrosis [1].

Despite controversies, previous breast augmentation does 
not constitute an absolute contraindication to conservative 
treatment [21]. Women with implants may have insufficient 
breast volume for a conservation, depending tumour size. 
Moreover, there is a greater risk of aesthetic damage and 
capsular contracture after radiotherapy. Nonetheless, total 
breast reconstruction is often a more risky procedure, with 
greater chances of asymmetry, implant loss, necrosis, loss of 

sensitivity and need for multiple surgeries. Implants may 
replace volume, but they do not correct partial defects in the 
breast and may even worsen it. Therefore, it is important to 
associate some other oncoplastic technique to correct the 
defect. In the case of retro-glandular implants, it may be 
preferable changing them to the retro-muscular space to 
reduce the risk of capsular contracture.

The most popular oncoplastic techniques are: mamma-
plasty with the areola vascularized by means of the superior 
pedicle for tumours of the lower quadrants; the inferior 
pedicle for tumours of the upper quadrants, and periareolar 
mammaplasty (round block), for small breasts, with little 
ptosis, when there is no need to resect the skin near the 
tumour. This approach can solve many cases, with satisfac-
tory results, but having a good domain of other techniques 
may expand the indications of the conservative treatment and 
may avoid unnecessary mastectomies (Fig. 31.3).

Small tumours, favourable
breast/tumour size ratio

No ptosis or
satisfied with
breast volume
and shape

Consider usual
lumpectomy

Consider
oncoplasty

Consider
mastectomy

Ptosis, or
unsatisfied with
breast volume
and shape, or
severe hypertrophy

Consider neoadjuvant
therapy

Good response Bad response

High-prevalence
genetic mutation,
strong family history,
high-risk comorbidities,
previous chest wall or
breast radiotherapy,
contraindication to
adjuvant radiotherapy,
no suitable oncoplastic
technique

Big tumours, unfavourable
breast/tumour size ratio

Fig. 31.2 Algorithm for 
planning breast cancer 
surgery

Inferior pedicle
(upper quadrants)

Superior pedicle
(lower quadrants) Round block

Total reconstruction

Fig. 31.3 The most common 
surgical approach in 
oncoplastic surgery: superior 
pedicle for tumours in the 
lower quadrants, inferior 
pedicle for tumours in the 
upper quadrants and round 
block for tumours in breasts 
with little ptosis. When the 
tumour or the breast do not fit 
into one of these techniques, 
it is usual to choose 
mastectomy with total 
reconstruction
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There is a more comprehensive classification which 
divides breast oncoplastic surgeries into two types: volume 
displacement and volume replacement [22]. In volume dis-
placement techniques, local breast flaps are moved to con-
ceal the defect, as is the case of glandular flaps, the 
dermoglandular flaps and oncoplastic mammaplasties. In 
volume replacement techniques, flaps outside the breast are 
used to restore the volume loss because of the quadrantec-
tomy, as is the case of the thoracolateral flap, thoracoepigas-
tric flap, bilobed flap and myocutaneous flaps (Fig. 31.4).

This chapter do not intend to comment on all available 
oncoplastic techniques, because they are numerous and var-
ied, due to the pioneering creativity of many surgeons world-
wide. However, I would like to comment on some of the 
most worthwhile options that I use more often.

31.2  Volume Displacement Techniques

31.2.1  Nipple-Areola Complex Repositioning

The classic lumpectomy with radiated incision usually 
causes a nipple and areola displacement due to the retraction 
of the skin scar. Some surgeons still leave the region of 
quadrantectomy without an approximation of the planes, so 
that the seroma and hematoma fill the defect. In the short 
term, the results are acceptable, but after a few months, there 
is a reabsorption of fluids, intense fibrosis and fixation of the 
skin to the deep planes, which leaves large defects, depres-
sions and asymmetries (Fig. 31.5).

A very simple alternative may be the primary closure of 
the skin and parenquima, followed by the repositioning the 
nipple-areolar complex, 2 or 3 cm in the opposite direction 
of the radiated scar (Fig. 31.6).

It is particularly useful for old women and/or for 
almost entirely fat breasts, in which it would be danger-
ous undermining a large amount of glandular tissue, 
because of the risk of fat necrosis. It fits better for small 
tumours in the upper quadrants, in women that do not 
desire breast reduction or mastopexy, neither contralat-
eral symmetrization.

31.2.2  Glandular Flaps

Among some possible alternatives of glandular flaps, I prefer 
to use a technique called glandular rotation [22, 23]. The 
incision, instead of radiated, is periareolar or para-areolar, 
along the Langer’s lines. The skin is divided from the glan-
dular tissue in regions close to the tumour. The tumour is, 
then, removed by means of a radiated resection to the oppo-
site direction of the skin incision, and the defect is closed 
edge to edge, primarily with nonabsorbable or slow- 
absorption sutures (Fig. 31.7). It is important to place metal-
lic clips on the margins of the breast resection, to guide the 
boost radiation therapy, in particular in techniques such as 
this in that the scar of the skin does not always coincide with 
the prior tumour area.

For the deep located tumours, or whenever allowed by the 
adequate surgical margins, it is preferable to keep the skin 
flap thicker than 1 cm, avoiding skin retraction, and, there-
fore, reducing the need for an extensive glandular 
undermining.

Volume displacement

Volume replacement

Fig. 31.4 In volume displacement techniques, local breast flaps are 
moved to conceal the defect, as is the case of glandular flaps, 
dermoglandular flaps and oncoplastic mammaplasties. In volume 
replacement techniques, flaps outside the breast are used to restore 
volume loss because of the quadrantectomy, as is the case of the 
thoracolateral flap, thoracoepigastric flap, bilobed flap and 
myocutaneous flaps

Fig. 31.5 Usual result of a conventional quadrantectomy presenting 
local depression and breast asymmetry. The radiated incision retracts 
and deviates the areola to the side of the scar

31 Alternative Oncoplastic Techniques for Challenging Breast Conservative Surgeries
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This is a versatile technique, functioning in different 
breast shapes and varied tumour sites. Nevertheless, the best 
results are achievable for small tumours (up to 2 or 3 cm, 
according to breast size), located in the upper quadrants 
(Fig. 31.8). In larger tumours, it is preferable to use another 
type of technique that enables replacing of the excised vol-
ume or making a reduction in contralateral breast for 
symmetrization.

Very liposubstituted breasts offer an increased risk of fat 
necrosis, but it is not an absolute contraindication to this 
technique. The fat necrosis, mostly, tends to have little 

 clinical significance and often not very different from oil 
cysts and architectural distortions that occur with some fre-
quency in classic quadrantectomies.

31.2.3  Dermoglandular Flaps

In some cases, it is better to rearrange the glandular tissue keep-
ing it attached to the skin envelope. A dermoglandular flap may 
be necessary when a large amount of skin must be removed 
because of tumour invasion or proximity. It could also be utile 

a b

Fig. 31.6 Preoperative drawing (a) and result after 1 year of radiotherapy (b). The lumpectomy defect was closed in layers and the NAC 
repositioned

a b

Fig. 31.7 The skin incision is made para-areolar. The area of the glan-
dular undermining corresponds to the dotted area in yellow (a). The 
removal of the tumour is made radiated. Stitches are positioned at the 

margins of the specimen for the guidance of the pathologist. The defect 
is primarily closed, edge to edge, in a radiated manner, with simple 
inverted sutures, with 4-0 nylon or PDS (b)
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in fatty breasts because of the risk of fat necrosis, due to an 
extensive undermining. Some useful examples are Burow’s tri-
angles (also known as matrix), shutter technique and breast 
rotation [23–26]. The difficulty in reconstructing partial defects 
in some locations led Grisotti and Calabrese to name part of the 
upper quadrants as “no man’s land” [27]. The oncologic mam-
maplasties could also be classified as a kind of dermoglandular 
flap, but they will be better discussed as a distinct topic.

31.2.3.1  Burow’s Triangles (Matrix)
The Burow’s triangles are indicated for tumours located in 
the medial upper quadrant or in the union of the upper quad-
rants (Fig. 31.9). It is possible to resect large areas, including 
the skin adjacent to the tumour, with little change in body 
contour (Figs. 31.10 and 31.11). In this technique, the tumour 
is resected in the form of an inverted triangle. A triangle of 
similar shape and width is deepithelized in the axillary fold 
to facilitate flap rotation and distribution of tension on the 
suture [28, 29]. The nipple-areolar complex should be repo-
sitioned 2 or 3 cm lower, to the other end of the radiated scar. 
Otherwise, the nipple will be displaced superiorly after 
retraction of the scar.

31.2.3.2  Shutter Technique
The shutter technique may be used for localized lesions in the 
upper outer quadrant when there is need to remove a consider-
able amount of glandular tissue and skin [23]. The name of the 
technique refers to the shutter rotational movement of cam-
eras. Similarly, there is a rotation of the end of the flap, near 
the areola (Figs. 31.12 and 31.13). It is also a type of dermo-
glandular flap. The resection of the quadrant is made in a half-

moon manner. The defect is closed pulling up the medial side 
of the breast so as to remain a dermoglandular flap between 
the area of quadrantectomy and areola. This flap is then deepi-
thelized and in-built using a circular motion to add volume to 
the breast. The areola is repositioned inferiorly and medially. 
When the resection is greater than 20% of the breast volume, 
it is preferable to associate a contralateral breast reduction, to 
correct the volume difference. In smaller resection areas, this 
technique allows a unilateral approach (Fig. 31.14).

31.2.3.3  Breast Rotation
Another way of hiding the lumpectomy defect without a 
mammoplasty is resecting the tumour area and the involved 
skin in the form of a triangle and rotating the breast towards 
the defect. The area of detachment must be four times wider 
than the area of the defect. For the upper quadrants, it is 
advisable to reposition the areola backwards the radiated 
scar, to avoid retraction (Fig. 31.15). For the inferior quad-
rants, usually, there is no need of areola repositioning 
(Fig. 31.16).

31.2.4  Modified Oncoplastic Mammaplasties

In addition to the techniques of mammaplasty most widely 
known, like superior pedicle, inferior pedicle and round 
block, there are other types of mammoplasty, which can be 
useful, allowing resection of large tumours, in challenging 
locations. I would like to emphasize here some techniques: 
superomedial (and superolateral) pedicle, double indepen-
dent pedicle, plug flap and geometric compensation.

Fig. 31.8 Examples of lumpectomies by means of glandular rotation 
technique. In the first case, the incision was made periareolar and, in the 
second case, para-areolar. The glandular resection was done in a 

radiated form, with glandular tissue detachment and direct closure. 
Thus, it was possible to prevent the retraction of the nipple towards the 
scar
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a

b c

Fig. 31.9 Schematic drawings of a dermoglandular rotation technique 
(Burow’s triangles), which allows resection of large areas of skin and 
glandular tissue in regions distant from the nipple with a good breast 

symmetry (a). Postoperative result, preserving the breast shape and the 
position of the nipple, even after resection of a tumour measuring clini-
cally 5 cm, with free margins (b)

a b

Fig. 31.10 Lumpectomy in form of a triangle or inverted trapezium in 
the medial upper quadrant of the breast, perpendicularly to the skin. The 
triangle of the axilla and the periareolar skin were deepithelized and 

then approximated (a). Final appearance of the scar after the closure of 
the points A-A′ and B-B′ (b)
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a b

c d

Fig. 31.11 Example of the usage of Burow’s triangles for a 3.5-cm 
tumour in a small breast without ptosis. Preoperative view (a). 
Preoperative drawings (b). Intraoperative oblique view, showing the 

area of lumpectomy and the deepithelized triangle in axilla (c). 
Postoperative view 1 year after radiotherapy (d)

a b

Fig. 31.12 Example of the shutter technique, indicated for tumours in 
the upper outer quadrants. The arrow indicates the side towards the skin 
closure. The medial arrow indicates how the area, which will be later 

deepithelized, should be rotated and in-built to increase breast volume 
(a). In this case, the tumour measured 5 cm, clinically. Even so, the 
patient refused operating the contralateral breast (b)
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a b

Fig. 31.13 Shutter technique—intraoperative view. The quadrant was 
excised in a half-moon shape, perpendicularly to the skin and to the 
pectoralis major. The dotted red area was deepithelized (a). The points 
A-A′, B-B′ and C-C′ are merged. The deepithelized tip between the 

quadrantectomy area and areola is in-built, to add volume to the new 
breast cone. The lateral fat of the chest is pulled by the skin closure and 
helps to restore part of the excised volume

a

c

b

Fig. 31.14 Example of the shutter technique for a 2-cm tumour, close to the skin, in a small breast without ptosis. Preoperative view (a). Drawings 
(b). Result 6 months after radiotherapy (c)
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a b c

Fig. 31.15 Example of a dermoglandular rotation flap for the correc-
tion of the defect of a quadrantectomy in the medial upper quadrant of 
the right breast. The areola is repositioned in the opposite direction of 
the radial component of the scar, due to the expected scar retraction. In 

this case, exceptionally, it was necessary to perform a round block peri-
areolar suture to reduce tension and to prevent the widening of both the 
areola and the scar. Preoperative view (a). Intraoperative view (b). 
Result after 1 year of radiotherapy (c)

a

c d

b

Fig. 31.16 Schematic drawing of a rotation dermoglandular flap (a). A 
triangular resection is performed, in form of a slice of pizza (b), and an 
area four times wider on the inframammary fold is detached and rotated 

to cover the defect (c, d). Postoperative outcome of the rotation tech-
nique, showing a good symmetry without the need for contralateral sur-
gery (e, f)
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31.2.4.1  Superomedial (and Superolateral) 
Pedicle Mammaplasty

The superior pedicle may allow good access to resections of 
tumours in the lower quadrants, while the inferior pedicle 
allows good access to the upper quadrants. However, there 
are some limitations: the superior pedicle brings some diffi-
culty in climbing the areola to great distances in cases of 
marked ptosis. The inferior pedicle allows raising up the 
areola enough but does not allow tumour resections in some 
parts of the lower quadrants. Furthermore, some surgeons 
avoid using the inferior pedicle, due to poorer aesthetic 
results, generating sometimes less-projected and less- 
rounded breasts and more recurrence of the ptosis in the long 
run, when compared to the superior pedicle.

In such cases, the superomedial or superolateral pedicles 
may be preferred (Figs. 31.17 and 31.18) [30, 31]. They may 
allow resections in the upper and in the lower quadrants, and 
they may allow raising up the nipple-areola complex at great 
distances. The superomedial pedicle gives an aesthetic result 
similar to the superior pedicle. The superolateral pedicle can 
bring good results but can bring dissatisfaction occasionally 
due to little filling in the medial quadrants and greater lateral 
bulging. There is little scientific proof, but it is suggested that 
superomedial pedicle is more vascularized, while superolat-
eral pedicle better preserves the nipple sensitivity [32]. It is 
important to notice that there may be impairment of vascular-
ization of the areola in superolateral pedicle, in case of axillary 
dissection, due to the ligation of the lateral thoracic vessels.

e f

Fig. 31.16 (continued)

Fig. 31.17 Glandular resection in case of superomedial pedicle. The 
markings of a superolateral pedicle are similar, like in a mirror

R. R. Paulinelli
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Figure 31.19 shows a case of a tumour in the lower quad-
rants, in a very ptotic breast. It would not be advisable to per-
form a breast lift with superior pedicle because the nipple 
would not reach the required position. It would also not pos-
sible to perform a lower pedicle because tumour resection 
would compromise the vascularity of the pedicle. A Torek, or 
NAC grafting, would be possible but would cause loss of sen-
sitivity of the areola, besides the risk of total or partial loss of 
the graft and hypopigmentation. In this case, the superome-
dial pedicle has provided adequate tumour resection, good 
repositioning of the NAC and good aesthetic result.

31.2.4.2  Double Independent Pedicle 
Mammaplasty [33] 

Although mammoplasty with inferior pedicle is able to 
 correct many defects of quadrantectomies in the upper 

 quadrants, the correction is more difficult if the area of 
resection is too high or too big. In such cases, there would 
be a risk of depressions and nipple displacement. If there is 
no need for skin resection over the lesion, we developed a 
technique called “double independent pedicle”. The mark-
ing of the nipple position and skin resection is made by 
means of the Wise-pattern technique, like an inverted “T”. 
In the double independent pedicle technique, the areola is 
kept vascularized by a superomedial or superolateral pedi-
cle, thinner than the usual, with less than 1 cm thick. At the 
same time, we make an extensive central and inferior pedi-
cle, independent of the areola, which is able to fill large 
glandular defects distant from the areola (Fig. 31.20). This 
modified independent inferior pedicle is nourished by the 
inferior and posterior perforating intercostal vascular 
branches.

Fig. 31.18 When the nipple-areolar complex (NAC) needs to be raised up more than 9 or 10 cm to the A point, the superomedial and the supero-
lateral pedicles make the repositioning of the NAC easier and safer
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Fig. 31.19 Tumour in the inferior quadrants in a patient with severe ptosis. The superomedial pedicle facilitated both the tumour resection and 
the NAC repositioning

Fig. 31.20 “Double independent pedicle” mammoplasty used for par-
tial reconstruction after the resection of an 8-cm malign phyllodes 
tumour in the upper quadrants. The defect was too big and too high to a 
classic inferior pedicle. Preoperative drawings (a). Results after 

6 months (b). Intraoperative view. Good access to the superior quad-
rants after tumour resection (c). The extended inferior-central pedicle 
was able to fill the defect. The areola had enough mobility and vascular-
ization to be well repositioned (d)

a b
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31.2.4.3  Plug Flap (Breast Island Flap) [34]
Plug flap is a technique described by a Brazilian plastic surgeon, 
in which the involved skin near the tumour, in locations out of 
the markings of mammaplasty, may be replaced by a skin flap 
of the inferior pedicle. It is particularly useful for central tumours 
and for the union of the upper quadrants (Figs. 31.21 and 31.22). 
For central tumours, it resembles the Grisotti technique, but 
plug flap allows a better correction of ptosis [27]. Depending on 
the location of the tumour, the plug flap may offer some risk of 
necrosis, if it leaves parallel scars on the breast, resulting in 
areas of low vascular perfusion (Fig. 31.23).

31.2.4.4  Geometric Compensation [35]
We have developed and published a technique that allows the 
resection of large areas of skin in locations unusual to mam-
moplasties, like in the case of plug flap, named “geometric 
compensation”. We believe that the geometric compensation 
presents some advantages in certain situations. Besides a 
good approach to tumours in the upper quadrants, the tech-
nique may also be used for tumours located in the pillars of 
mammoplasty, with good security and less scarring. In this 
technique, the skin from the lower quadrants, which is usu-
ally resected like a triangle in conventional mammoplasties, 
is otherwise preserved. Their measures are transferred in a 
geometric way, i.e. in the same height and width, to the area 
of the tumour that needs to be removed. It is a very eclectic 
technique, allowing tumour resection in any quadrant 
(Fig. 31.24). Thus, despite the asymmetric aspect of the scar, 
the same amount of skin and glandular tissue is resected in 
both breasts, providing a very acceptable symmetry 

(Fig. 31.25). The versatility of this technique may allow very 
bulky tumour resections, allowing free margins and probably 
a good local control, since associated to radiation therapy 
(Fig. 31.26). Similarly to the triangle of the lower quadrants 
that may be transferred to the defect of lumpectomy, the 
defect area may be transferred to the lower quadrants, result-
ing in less visible scars, in some cases (Fig. 31.27).

31.3  Volume Replacement Techniques

The volume replacement techniques are commonly used for 
patients who do not want or who may not reduce the breasts, 
especially if there is no ptosis, which hinders the realization 
of a reduction mammaplasty. These techniques are also use-
ful in situations where large amounts of skin must be 
removed, in atypical locations. It sometimes allows the 
removal of a large part of the breast due to locally advanced 
tumours, after a hemi-mastectomy. Some useful examples 
are thoracoepigastric flaps, thoracolateral flaps, bilobed 
flaps, immediate lipofilling and myocutaneous flaps. In the 
last decade it is becoming popular some variations of the tho-
racoepigastric, thoracolateral, and latissimus dorsi flaps, 
based on the artery perfurators, using a duplexscan. Some 
options are the LICAP, MICAP and AICAP (lateral, medial 
and anterior intercostal artery perforators) flaps, the LTAP 
(lateral thoracic artery perforator) and the TAP (thoracodor-
sal artery perforator). Personally, I prefer the former conven-
tional techniques because I find them easier and equally 
reliable.

c d

Fig. 31.20 (continued)

31 Alternative Oncoplastic Techniques for Challenging Breast Conservative Surgeries



386

a b

c d

Fig. 31.21 Tumour close to the skin in the union of the upper quad-
rants, involving the nipple, in a women with a hypertrophic ptotic breast 
(a, b). The nipple and the skin over the tumour were substituted with a 

plug flap coming from the inferior pedicle (c). In this case, part of the 
contralateral nipple and areola was grafted over the plug flap to imme-
diately reconstruct the NAC (d)

Fig. 31.22 Example of a plug flap coming from the skin above the NAC, attached to an inferior pedicle, for reconstructing the defect of a resection 
of a tumour in the medial upper quadrant
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Fig. 31.22 (continued)

Fig. 31.23 The positioning of the plug flap must be carefully planned, because parallel scars can generate areas of poor vascularization, more 
prone to necrosis, as in this example
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31.3.1  Thoracoepigastric Flap

The thoracoepigastric flap is an interesting option for the cor-
rection of the lower quadrants, ideal for patients with little pto-
sis in small breasts, if the patient wishes to keep the breast 
volume [6, 36]. It is a kind of transposition flap. Figure 31.28 
shows the skin markings for planning a  thoracoepigastric flap. 
The demarcated area must have the same dimensions of the 
defect to be corrected. The flap base must have at least two 
thirds of its length, to a greater vascular safety. The tip of the 
flap is deepithelized to increase the volume. The flap is rotated 
to cover the defect of quadrantectomy. Part of the upper 

 abdomen should be elevated and sutured to the former infra-
mammary fold.

Figure 31.29 shows the results after a few months, after 
the rotation of the thoracoepigastric flap, preserving the vol-
ume, the breast contour and the position of the nipple. This 
flap can cover any defects in the region of the lower quad-
rants, even in some cases of large deficiencies in small 
breasts (Fig. 31.30). If the defect is in the medial lower quad-
rant, instead, it is possible to reverse the design, like in a 
mirror, with similar results. If it is not necessary to remove 
the tumour next to the skin, the flap can be completely deepi-
thelized and used exclusively to restore volume.

a b c

d e f

Fig. 31.24 Examples of possible asymmetric skin resections, following 
the geometric compensation mammaplasty. Figures (a) and (b) show 
superior pedicles, which are preferred when the distance between the 
point A and the nipple is less than 10 cm. Figure (c) shows a superior 
pedicle for the areola and a deepithelized inferior pedicle, to preserve 

breast volume and give more projection in the case of small breasts. 
Figures (d), (e) and (f), respectively, show the superomedial, the super-
olateral and the inferior pedicles, designed according to the best source 
of vascularization of the areola and depending on the location and size 
of the tumour
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a b

c d

Fig. 31.25 In this case, it was possible to resect a residual 6.5-cm 
tumour, after neoadjuvant chemotherapy, involving the nipple and the 
medial upper quadrant of the right breast. Figure (c) highlights the area 

of resection, in green. The area of geometric translocation, named 
number 1, in red, is transferred to the area number 2, in green. Figure 
(d) shows good symmetry 6 months after radiotherapy

Fig. 31.26 Extreme case of tumour resection, with free margins, of a 
lesion measuring 14 cm, occupying more than half of the right breast, 
which progressed during neoadjuvant chemotherapy. It exemplifies the 
technical capacity of “geometric compensation” to correct large extirpa-
tion of skin and glandular tissue, while maintaining a satisfactory 

 symmetry. In this technique, the areas of skin and breast tissue of the 
lower quadrants, usually resected in mammoplasties, were kept intact, 
while its geometric measurements were mathematically transferred to 
the tumour region. The final appearance of the scar in this case was a “T”

a cb
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d e

Fig. 31.26 (continued)

a b

c d

Fig. 31.27 A 53-year-old woman with invasive ductal carcinoma, 
grade 2, luminal A, close to the skin, affecting the lateral pillar of the 
mammoplasty (a). Instead of transferring the entire lower triangle of the 
mammoplasty to the defect area, it was decided to transfer the defect 

area to the lower quadrants, resulting in a less apparent scar (b). The 
principle of geometric compensation persisted: the same amount of 
skin is preserved in both breasts, even if the scars are asymmetric (c). 
Figure (d) shows the results after 6 months of radiotherapy
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a b

Fig. 31.28 (a) Skin demarcation of the thoracoepigastric flap. The hatched tip will be denuded. (b) Defect of quadrantectomy and the surgical 
specimen with identified margins. In this figure, the flap is beginning to be prepared and mobilized

Fig. 31.29 Postoperative result of a quadrantectomy in the lower quadrant of the left breast. The defect was reconstructed with the rotation of a 
thoracoepigastric flap

a b

Fig. 31.30 Use the thoracoepigastric flap for large defect correction of 
the lower lateral quadrant. (a) Preoperative planning. (b) 
Quadrantectomy defect and flap confection. (c) Flap rotation for defect 

coverage. (d) Intraoperative appearance after flap positioning. (e) 
Results after 3 months of surgery, showing good volume replacement 
and preservation of breast shape
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31.3.2  Thoracolateral Flap

The lateral thoracic flap takes advantage of the lateral fat of 
the chest, usually abundant and unwanted, to replace breast 
tissues [36, 37].

It is ideal for tumours of the lateral quadrants. In this 
case, it may be transferred to the defect in form of a transpo-
sition flap. Figures 31.31 and 31.32 show examples of con-
ventional lateral thoracic flaps of transposition. Figure 31.33 
shows an example of a deepithelized flap, in case of unnec-
essary dermal replacement. For other quadrants, it may also 
be used in form of an advancement flap. In these cases, the 
closure of the chest side may be done in V-Y (Figs. 31.34 
and 31.35).

The lateral thoracic flap may also reconstruct late sequelae 
of conservative treatment in the lateral quadrants, in difficult 

cases of large retractions and large tissue loss, which would 
require several sessions of fat grafting or the use of a myocu-
taneous flap, as may be seen in Fig. 31.36.

31.3.3  Bilobed Flap

Depending on the tumour site or defect size, a double trans-
position flap may facilitate the correction.

Bilobed flap was initially described by a German author to 
nose reconstruction, in 1918, but since then it has been used 
for corrections in many sites [38]. Its use for breast reconstruc-
tion was first proposed and popularized by a Brazilian plastic 
surgeon, named Tostes, under the name “bilobed flap”.

Among several different proposals for flap design, I prefer 
the Meadows’ markings [39]. Part of the glandular tissue 

c d

e f

Fig. 31.30 (continued)
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within the breast is transposed to the lumpectomy defect, and 
a thoracolateral flap is rotated to the former area near the 
tumour (Fig.  31.37). This manoeuvre generally allows 
 preservation of breast shape and volume. The good expected 
aesthetic results justify the less usual scar conformation 
(Fig. 31.38).

31.3.4  Immediate Lipofilling

The use of lipofilling as part of breast reconstruction is a 
technique that has become very popular in the last decades 
and that has been proven to be safe from the oncological 

point of view [40]. More recently, it was described the pos-
sibility of partial breast reconstruction with lipofilling at the 
same time of the lumpectomy, presenting good aesthetic and 
oncological results (Fig. 31.39) [41].

Using Coleman’s technique it is possible to transfer large 
amounts of processed fat, to restore partial tissue loss [42]. 
Fat is not injected into the defect of oncologic resection, 
because it is required a recipient bed for adipocytes. Instead, 
the fat is grafted onto the remaining breast. Then, it is made 
directly the primary closure of the defect or some other 
oncoplastic technique. It is necessary to overcorrect the vol-
ume, because it is expected a reabsorption of fat grafting in 
30–50% [41]. Some possible skin retractions or glandular 

Fig. 31.31 Intraoperative detail of the transposition of the lateral thoracic flap

Fig. 31.32 Pre- and postoperative views of a lateral thoracic flap, showing proper defect fill
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Fig. 31.33 Example of volume replacement in a woman with very small breasts, without ptosis, using a deepithelized lateral thoracic flap

Fig. 31.34 Details of intraoperative lateral thoracic flap, as a transposition flap (a, b) and as an advancement flap, with V-Y closure (c, d)

a b
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c d

Fig. 31.34 (continued)

Fig. 31.35 Practical example of a lateral thoracic advancement flap, with closure in V-Y. In this case, repositioning the areola was necessary to 
prevent its displacement to the side of the scar
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Fig. 31.35 (continued)

Fig. 31.36 Use of the lateral thoracic flap in case of late sequelae of conservative treatment. In the contralateral breast it was used a periareolar 
mammaplasty, with round block suture
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Fig. 31.36 (continued)

Fig. 31.37 Bilobed flap is a double transposition flap, in which part of the glandular tissue, is transposed to the area of the defect, and a thoraco-
lateral flap is transposed to the defect of the flap removal. Instead of the markings proposed by Tostes, we prefer Meadows’ markings

Fig. 31.38 Pre- and postoperative view of a breast reconstruction 
using the bilobed flap. In spite of the small size of the breast and the 
lack of ptosis, it was possible to preserve breasts of different sizes and 

shapes. In this case, it was possible to keep breast volume and shape, 
avoiding an unnecessary mastectomy
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depressions may be corrected with an extra round of fat 
grafting, after some months, if necessary.

31.3.5  Myocutaneous Flaps

Some authors advocate the use of distant flaps, as the latis-
simus dorsi or the rectus abdominis muscles, for correction 
of partial breast defects. Others prefer to preserve these flaps 
for use in case of necessity of total breast reconstruction 
(Fig. 31.40) [5, 6, 19, 43].

The main advantage of using the latissimus dorsi in par-
tial mastectomies is the good tolerance to radiotherapy [44]. 
Compared to the total breast reconstruction, the partial 
reconstruction usually brings very favourable aesthetic 
results with low risk of complications [45, 46].

31.4  Late Corrections of Defects 
Due to Previous Conservative 
Treatment

The correction of the partial defects should be done, when-
ever possible, immediately, together with good planning of 
conservative treatment. Following radiation therapy, the risk 
of serious complications, when performing a mammaplasty 
or a breast remodelling, is much larger [47].

Attempts of using silicone implants after conservative 
treatment may be disastrous sometimes, since the implants 
often do not adequately address the partial defects and may 
even accentuate them. Furthermore, the capsular contracture 
rate is high [48].

Preferably, the irradiated breast should be managed with 
techniques that require little tissue mobilization, for  example, 

a b

Fig. 31.39 2.5-cm invasive ductal carcinoma at the junction of the 
upper quadrants of the left breast. The lumpectomy specimen weighed 
48 g. The abdomen and outer thighs were lipoaspirated. It was grafted 

240  cc of processed fat in the remaining glandular tissue of the left 
breast, followed by a bilateral periareolar round block mammaplasty. 
(a) Preoperative marking. (b) Result after 3 months of surgery
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a cutaneous mastopexy (without glandular rearrangement), or 
only a repositioning of the nipple-areolar complex [49]. The 
contralateral breast may be reduced in a modified form, keep-
ing a certain degree of ptosis, or a lower projection, so as to 
better mimic the irradiated breast (Figs. 31.41 and 31.42).

The free fat graft has been often used for correction of 
skin depressions and localized volume losses in the last 
decade. Although there are some questions about its onco-

logical safety, especially in cases of carcinoma in situ, more 
recent researches have failed to show increased risks of 
recurrence for the procedure [40, 50]. The fat grafting may 
also be carried in the irradiated breast to increase the global 
size, avoiding the use of implants (Fig. 31.43). In large par-
tial defects, very challenging to correct, it may be even pref-
erable sometimes a mastectomy and total breast 
reconstruction with flaps [49].

Fig. 31.40 Example of defect correction of a partial mastectomy by 
rotating the latissimus dorsi myocutaneous flap. As advantage of partial 
breast reconstruction, it is noticed a lower morbidity and greater 
tolerance to radiotherapy, using latissimus dorsi, compared to total 
breast reconstruction with implants with or without flaps. Furthermore, 

the appearance of the partial reconstruction tends to be more natural 
than full reconstructions. As a disadvantage, I quote the defect on the 
back and the difficulty to reuse the latissimus dorsi flap later for the 
total reconstruction of the breast, in case of recurrence
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Fig. 31.41 Late correction of asymmetry after conservative treatment and radiotherapy. Because of the risk of complications, we chose to just 
reposition the nipple of the irradiated left breast. The right breast was remodelled for symmetrization

Fig. 31.42 A cutaneous mastopexy was performed in the irradiated 
breast, omitting conventional glandular rearrangement. The irradiated 
skin loses its normal elasticity and may be able to avoid much of the 

ptosis recurrence. Furthermore, the contralateral breast was reduced in 
a modified form, keeping a certain degree of ptosis, so as to better 
mimic the irradiated breast
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Pedicled Flaps for Volume Replacement 
in Breast Conserving Surgery

Pankaj G. Roy, Jennifer Rusby, and Richard M. Rainsbury

32.1  Introduction

The proportion of breast excised in breast-conserving sur-
gery impacts on aesthetic outcome and patient satisfaction 
[1–3]. Women who are likely to have a poor cosmetic out-
come from standard breast-conserving surgery as a result of 
the volume of excision required to attain clear margins were, 
historically, advised to have a mastectomy. Oncoplastic 
surgery has extended the role of breast conservation to allow 
many patients who would otherwise require a mastectomy to 
preserve their breasts. This has been further extended by 
volume replacement with lateral chest wall perforator flaps, 
which could avoid mastectomy in women with small- to 
moderate-sized breasts.

In 2007, approximately 19,500 women underwent breast- 
conserving surgery for cancer in the UK [4], so postoperative 
cosmesis is important to a large number of women. 
Furthermore, as survival following breast cancer improves 
[5], the long-term appearance after surgery becomes relevant 
to larger numbers of patients for longer. Finally, patient 
expectation is increasing as patients are aware that they need 
not look deformed after breast cancer treatment, and good 
aesthetic outcome significantly improves the quality of life 
[6, 7]. The recent data has shown the survival equivalence of 
breast-conserving surgery to mastectomy; this information is 
crucial to guide the women diagnosed with breast cancer to 
help with decision-making (data presented at San Antonio 
Breast Cancer Symposium, 2015).

Oncoplastic breast-conserving techniques can be classi-
fied as volume displacement or volume replacement. 
Chapters 27–34, describe the various techniques for volume 
displacement after lumpectomy for breast cancer. Volume 
replacement after total mastectomy (i.e. breast reconstruc-
tion) can be provided by an implant, pedicled flap or a free 
flap, alone or in combination. Autologous tissue is the pre-
ferred approach for partial breast reconstruction. The use of 
implants for volume replacement in partial breast recon-
struction is hampered by problems with postoperative sur-
veillance and by the need for radiotherapy; hence outcomes 
are generally poor [8]. Further discussion of implants is 
beyond the scope of this chapter. Defects in the lower aspects 
of the breast can be addressed using local flaps such as 
abdominal adipofascial flaps [9, 10] or thoraco-epigastric 
perforator flaps [11–13]. The defects in the lateral half of the 
breast can be reconstituted with lateral chest wall perforator 
flaps that include lateral intercostal artery perforator (LICAP) 
flap, lateral thoracic artery perforator (LTAP) and thora-
codorsal artery perforator (TDAP) flap [14–18]; these are 
now gaining popularity due to the benefits described below 
in the chapter. Distant flaps (latissimus dorsi [LD], omental) 
[19, 20] used for volume replacement after partial recon-
struction are most commonly pedicled, though some small 
case series of free flap volume replacement after partial mas-
tectomy have been published [21, 22]. They are more adapt-
able and can be used for reconstruction of defects in any 
breast quadrant.

This chapter focuses on the use of pedicled flaps for vol-
ume replacement. Donor options include the latissimus 
dorsi miniflap (LDm), or skin and subcutaneous tissues of 
the anterior or lateral chest wall and back in the form of 
perforator flaps such as intercostal artery perforator (LICAP) 
and thoracodorsal artery perforator (TDAP) flaps, and flaps 
from the thoraco-epigastric region (SEAP). Pedicled omen-
tal flaps and the LDm can be used to reconstruct inferome-
dial defects. The superior epigastric artery perforator flap 
results in very visible donor site scarring. It has previously 
been described for salvage situations (after recurrent breast 
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cancer or DIEP flap necrosis) [23]; however in one of the 
author’s personal experiences, it can be used in carefully 
selected patients with acceptable scarring, in order to avoid 
mastectomy (Fig. 32.1).

The anatomy of the latissimus dorsi muscle relevant to 
reconstruction was first described by Tansini in 1897, who 
used a primitive LD flap to reconstruct radical mastectomy 
resection defects. Since the 1980s this reliable flap has been 
the workhorse of breast reconstruction, with significant 
advantages over implant-only techniques for many patients. 
LD was first used for delayed reconstruction of unsightly 
post-quadrantectomy resection defects in 1985 [24]. The use 
of the LD muscle for immediate volume replacement after 
breast-conserving surgery was first described by Noguchi in 
1990 [25]. This procedure was redesigned and introduced 
into the UK by Rainsbury in 1994 using the LDm for 
immediate reconstruction of often large resection defects 
[26, 27]. With increasing expertise in perforator free flaps for 
whole breast reconstruction, and well-recognised morbidity 
from LD muscle transfer, it was a natural extension to 
consider pedicled perforator flaps for volume replacement 
after partial mastectomy.

The history of use of lateral chest wall flaps for breast 
reconstruction dates back to 1986. Holmstrom and Lossing 
et al. described lateral thoracodorsal (LTD) flap, a random- 
pattern local fasciocutaneous flap used to assist implant 
reconstruction after mastectomy for breast cancer [28]. 
LTD flap is raised as a random-pattern flap with a broad 
base still attached on its medial aspect, and the lateral 
intercostal perforators are not dissected out in the process 
of raising the flap. The LTD flap has also been described 
for partial breast reconstruction after breast conservation 
surgery for tumours in upper-outer quadrant (Munhoz 
2006). In the paper by Munhoz et al., this flap was used for 
patients with small- to medium-sized breasts with no pto-
sis. The complications encountered includes partial flap 
necrosis (9%), donor site wound dehiscence (9%) and 
seroma (15%). A high patient satisfaction and good cos-
metic outcome (90%) was reported.

In 1995, Angrigiani et al. reported a feasibility study in 40 
cadavers and 5 clinical cases of raising a cutaneous flap as 
“the latissimus dorsi musculocutaneous flap without muscle” 
[29]. This flap has been used as a free flap for reconstruction 
of a wide variety of defects (upper and lower limb, neck, 
etc.). However, it was not until 2004 that Hamdi et al. pub-
lished a series of muscle-sparing flaps used for reconstruc-
tion of partial mastectomy defects [30, 31] and popularised 
the pedicled perforator flaps including LICAPs and TDAPs 
[14, 15]. These flaps extend the indications for breast conser-
vation surgery and are associated with minimal procedure-
related morbidity resulting in quick recovery and excellent 
aesthetic outcomes, therefore gradually gaining favour over 
the recent years.

Superior epigastric flaps are useful to reconstitute defects 
in the inner quadrants of the breast and they could be 
tunnelled into the upper inner quadrant, which often poses 
significant clinical challenges in terms of aesthetic outcome. 
The disadvantage of this flap is the extent of scarring although 
careful planning can hide the scar in the inframammary 
crease thus making it less of an issue for the patient 
(Fig. 32.1).

32.2  Anatomy of Perforator Flaps

32.2.1  TDAP Flaps

The TDAP flap is usually irrigated by the proximal perfora-
tor of the descending branch of the thoracodorsal artery. The 
vascular anatomy of the lateral thoracic flap has been 
described in the literature predominantly by cadaveric dis-
sections [31–36] suggesting reliable presence of the perfo-
rator. The perforators larger than 0.5 mm in diameter with 
discrete pulsations are considered reliable for perfusion of 
the flap [32]. Most studies report at least three musculocuta-
neous perforators in the LD muscle, the most constant per-
forator is present within 2–3 cm of the lateral border of the 
muscle about 8–10 cm below the posterior axillary fold and 
the second perforator originates 2–4 cm distal to the origin 
of the first perforator. A direct cutaneous perforator that 
courses anteriorly to the lateral muscle border has been 
described in 55–60% cases in cadaveric studies. Although 
these make dissection of pedicle easier, they are not pre-
ferred due to their unpredictable course, diameter and vein 
calibre [37].

A muscle-sparing LD flap is an alternative option to 
TDAP, whereby a small strip of muscle immediately anterior 
to the perforator(s) is left attached to the flap and the rest of 
the muscle is left intact with its nerve supply which is dis-
sected free from the thoracodorsal pedicle. This is particu-
larly recommended if the perforator size is less than 0.5 mm 
due to high risk of avulsion [38] and also renders the proce-
dure safer and easier by circumventing the need to harvest 
the perforator from the overlying muscle [39].

32.2.2  Lateral Chest Wall Perforator Flaps

These perforator flaps are based on the lateral cutaneous 
branch of the posterior intercostal vessels (LICAP) as they 
course through the costal groove of the ribs. They have been 
described as a perforator flap that may be used as a free or 
island flap [40] and have since been used for partial breast 
reconstruction predominantly for lateral defects after cancer 
resection [31] and for autologous breast augmentation after 
massive weight loss [41–43]. In a cadaveric dissection study, 
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Hamdi et al. [31] showed a variable number of intercostal 
perforators and a dominant perforator in 92%; these lay, on 
average, 3.5 cm from the anterior border of the LD.

The posterior intercostal artery gives off several musculo-
cutaneous branches to supply the overlying muscles and skin 
and the lateral cutaneous branch (which arise in the distal 
part of the groove) as it courses through the costal groove. 
The lateral branch is about 1 mm in diameter whilst the main 
vessel is 1.5 mm and is accompanied by a vein and nerve. 
The lateral cutaneous nerve is predominantly sensory with 
only 10% motor fibres. The lateral cutaneous bundle pierces 
the overlying muscles and emerges from under a slip of ori-
gin of serratus anterior muscle in a plane just deep to the skin 
and subcutaneous tissues [44]. The bundle courses for a short 
distance superficial to the serratus anterior fascia and divides 
into a small posterior and large anterior branch. The lateral 
intercostal artery perforators are relatively constant (about 
90% cases as shown on cadaveric dissections) and usually 

found between the 5th and 8th intercostal spaces. These are 
located between anterior and posterior axillary lines, at an 
average of 2.5–3.5 cm from the anterior border of the latis-
simus dorsi muscle [38].

A vascular connection between the anterior branch of 
lateral perforator and the serratus branch of thoracodorsal 
artery was found in 21% of the cadaveric dissections by 
Hamdi et al. which creates a potential for harvesting a flap 
with a longer pedicle whilst preserving the thoracodorsal 
vessels (SAAP-serratus anterior artery perforator flap). The 
other vessels that can form the blood supply to the flap 
include a direct cutaneous branch from lateral thoracic 
artery (branch of the second part of axillary artery); how-
ever, the anatomy of lateral thoracic artery (LTA) has been 
shown to be variable and absent in up to 25% cases [33, 45, 
46]. These vessels can form an additional or solo blood 
supply for the lateral thoracic flap (LTAP flap) and there-
fore should be kept in mind whilst dissecting for the perfo-

a b

c d

Fig. 32.1 Thoraco-epigastric flap (SEAP). (a) 55-year old lady with 
20 mm cancer in left lower central quadrant of a small “B”-cup breast. 
(b) Preoperative marking of thoraco-epigastric flap and size of potential 

defect (shown with arm raised). (c) Appearance and maintained 
symmetry of the breasts 4 years after radiotherapy to the left side. (d ) 
Appearance and visibility of the scar (faded) with arm raised (4 years 
after treatment)
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rator. LTA can be dissected along the lateral aspect of the 
pectoralis muscle, running down vertically at right angles 
to the orientation of the flap [17].

32.2.3  SEA Flaps (Thoracoepigastric Flap)

The superior epigastric artery (SEA) is a terminal branch of 
the internal mammary artery (musculophrenic artery being 
the other branch) and arises opposite the 6th costal cartilage. 
It then descends along the rectus abdominis muscle and 
penetrates the muscle and fascia below the xiphoid process 
to reach the skin [47]. A CT scan-based study has shown that 
the dominant perforators are mainly localised at about 1.5 
and 6.5 cm horizontally from the midline and between 3 and 
16 cm vertically below the xiphoid [13, 23]. Similar results 
were produced by a cadaveric study reported recently [48]. 
These perforator flaps are oriented horizontally for partial 
breast reconstruction resulting in a scar along the 
inframammary crease. The flap can be designed all along the 
inferior aspect of the breast achieving a length of 15–20 cm 
depending on patient anatomy. The arc of rotation of the 
SEA flap allows it to reach the upper inner quadrant, thus 
making it an option to reconstitute defects in the upper inner 
quadrant provided there is fat excess that can be harvested 
along the inferior aspect of the breast.

32.3  Indications, Patient and Flap 
Selection

Patients with large ptotic breasts may accept or even wel-
come the option of a reduction in breast volume as a result of 
tumour excision, and the local defect may be best managed 
with a volume displacement technique and contralateral 
symmetrising surgery. But if the patient is keen to avoid 
contralateral surgery, or the breast is smaller and non-ptotic, 
volume replacement is a more appropriate option. Smaller- 
breasted women who wish to avoid local defects and global 
loss of breast volume are better suited to volume replacement 
procedures. By choosing this rather than total mastectomy 
and immediate breast reconstruction, a woman is more likely 
to preserve the normal shape, movement and sensation of her 
breast [49] but must accept the need for adjuvant breast 
radiotherapy.

LDms can readily be used to fill a defect in the lateral 
aspect of the breast, but also in the central, medial or lower 
pole of the breast with sufficient flap harvest and mobilisation. 
Full dissection of the flap inferiorly to the costal margin and 
posteriorly beyond the scapula, combined with thorough 
division of all surrounding attachments (see below) is 
essential in order to capitalise on the full potential of this flap 

to reconstruct a wide range of resection defects in any 
location. Perforator flaps tend to have less range, though 
TDAP flap replacement of volume has been reported in all 
quadrants [38]. The ICAP is best suited to the lateral aspect 
of the breast but defects in the superior pole can be addressed 
if a pedicle of 3–5 cm can be harvested, as this allows rotation 
of the flap through 180 degrees without torsion of the 
perforator [14, 30].

The volume of tissue required also affects choice of flap. 
Hamdi et al. [30] state that a muscle-sparing LD type III (i.e. 
most of the muscle is included with the flap) is used if the 
muscle is needed for volume. Most case series of perforator 
flaps do not provide details of the oncological surgery, but 
median specimen weight in a series of LDms (equivalent to 
MS-LD III) was 207 g [19] compared to 164 and 96 g in two 
different series of LICAP flaps [15, 18].

Although the importance of prevention of cosmetic defor-
mity after breast conservation is emphasised, there will 
always be a cohort of patients with a suboptimal result who 
require correction of deformity in the delayed setting [50]. 
Partial breast reconstruction with volume replacement is a 
mainstay of management in this situation. Patients must be 
informed of the full range of options available to them 
(including completion mastectomy and immediate whole 
breast reconstruction), and counselled carefully, to allow 
them to make an informed choice about their treatment in the 
knowledge of the likely range of outcomes.

32.4  Technique: General Principles

Whether partial breast volume replacement is carried out by 
a single “oncoplastic” team or separate surgical oncology 
and plastic surgical teams, it is important that all aspects of 
the procedure are carefully planned, particularly the 
oncological resection and the flap design. If two teams are 
involved, close preoperative collaboration is essential.

32.4.1  Planning and Patient Positioning

Oncological planning involves careful clinical and radio-
logical assessment of tumour size, position and whether 
unifocal or multifocal. The tumour should be marked on the 
breast, together with an “access tunnel” if required 
(Fig. 32.2), and for more extensive, impalpable and multi-
focal lesions, stereotactically placed “bracketting” wires 
can be helpful in guiding more precise tumour resection. 
The borders of the LD should be marked for any case in 
which muscle harvest is anticipated. For LICAP and TDAP 
flaps, a pinch test allows assessment of the amount of skin 
and subcutaneous tissue available whilst allowing closure 
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without excessive tension (approximately 12  cm perpen-
dicular to the long axis of the flap [14]). The flap is usually 
horizontally aligned when used for partial breast recon-
struction. This allows it to be placed in the relaxed skin 
tension lines and the donor site scar to be hidden in the bra. 
Provided tumour excision can be safely undertaken with 
the patient in the lateral decubitus position, this approach is 
optimal for raising both LDm and lateral chest wall perfo-
rator flaps. The shoulder should be abducted to 90 degrees 
and elbow in 90 degrees of flexion. In addition to providing 
good access, this makes the perforator course more perpen-
dicular to the skin, and the Doppler signal is therefore more 
discrete. Care must be taken to avoid over-abduction or 
overextension of the shoulder, as this can lead to a brachial 
plexopathy.

32.4.2  Incisions and Raising the Flap

The incision depends on whether volume is being replaced in 
the immediate or delayed setting and which type of flap is 
planned (LDm or perforator). In the delayed setting, 
reopening the previous skin incision on the breast often 
reveals a skin deficit. The wound may gape open, 
demonstrating that skin replacement is required to allow the 
remaining breast tissue to return to its pre-surgical position. 
This may be the case even if no skin was excised at the time 
of breast-conserving surgery. Despite being an “apparent” 
skin deficit as a result of scarring and radiotherapy rather 
than a real deficit, it will need correction to optimise the 
result.

When the tumour is excised immediately before volume 
replacement, the breast skin is mobilised in the oncoplastic 
plane, over and around the tumour. The breast is then 
mobilised off pectoralis major muscle. The tumour is excised 
with generous margins and in continuity with lateral tissue to 
form the access tunnel as required. Bed biopsies may be 
taken as per local MDT guidelines or if there is a concern 

regarding margins intraoperatively. These may be sent for 
frozen section, and a full cavity re-excision is undertaken to 
maximise the chance of clear margins (Fig.  32.2) [19]; 
although this is not practiced routinely in the UK, it is 
common practice in a number of European countries. Frozen 
section is labour-intensive, requires a dedicated 
histopathology team of pathologists and technicians and 
occasionally leads to false-negative results. Alternatively, a 
“delayed-immediate” (two-stage approach) reconstruction 
can be undertaken 2–3  weeks after tumour excision and 
when final histopathology results are available [51]. This is a 
particularly useful option after neoadjuvant chemotherapy or 
when resecting lobular carcinoma, when frozen section 
analysis is more difficult to interpret. It is also a sensible 
approach if the breast conservation surgery is a borderline 
option and there are significant concerns preoperatively that 
the patient may require completion mastectomy in the event 
of positive margins on histopathology [18]). The two-stage 
approach is also an option to consider if the patient is a good 
candidate for autologous LD reconstruction (in the event of 
needing mastectomy) as a lateral chest wall perforator flap 
would interfere with that option.

For patients needing axillary node clearance, the axillary 
procedure may be performed in supine position first followed 
by a change to the lateral position for flap dissection and 
inset. This may necessitate separate incision for axillary 
surgery, because the flap marking is often about an inch 
below the usual approach for axillary surgery. The other 
option used routinely during LDm reconstruction is to 
perform the axillary surgery with the patient in lateral 
position, a technique which requires orientation and training. 
The advantage of the latter approach is less scarring as the 
entire surgery including tumour resection, axillary dissection, 
flap harvest and reconstruction is performed through the 
single lateral incision. It is very important that the oncological 
safety is considered carefully (to ensure complete excision) 
and the approach is planned preoperatively as deemed suit-
able for individual cases.

a b c d

Fig. 32.2 Tumour resection: (a) preoperative breast markings. (b) A 
220 g specimen attached to “access tunnel” tissue, showing the resulting 
resection defect and lateral incision used to perform the procedure. (c) 

Bed biopsy material sent for intraoperative frozen section. (d ) 
“Re-excision specimens” inked in situ with methylene blue to identify 
the surface adjacent to the cavity
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32.5  Specific Flaps

32.5.1  LD Miniflaps

An immediate LDm is best performed via a cosmetically 
discreet “lazy S” incision in the anterior axillary line, pro-
viding access to the breast for tumour excision and the back 
for raising the LD [52]. The LD flap is raised in the plane 
just beneath the deep fascia, sparing the subcutaneous fat 

but taking a layer of fat over the muscle, which contributes 
to the flap volume (Fig. 32.3). Division of the entire fascial 
attachment of LD to teres major, all serratus anterior 
branches and the tendon of LD allows full transposition of 
the flap into the resection defect (Fig. 32.4). This is a par-
ticularly important step when reconstructing more remote 
defects in the medial or lower pole of the breast. Finally, 
the tendon needs to be secured to pectoralis major to pre-
vent unintentional torsion to the pedicle, before the flap is 

a

b c

Fig. 32.3 Harvesting the LD 
miniflap. (a) Dissection of the 
superficial surface of the flap 
in a plane immediately under 
Scarpa’s fascia (the deep 
fascia). (b) The layer of fat on 
the superficial surface of the 
flap harvested as a result of 
dissecting in this plane. (c) 
View of the divided distal end 
of flap, showing the layer of 
superficial fat which is thicker 
than the flap itself at this level
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modelled and sutured into the resection defect (Fig. 32.5). 
When harvesting the flap, it is best to overestimate the vol-
ume required to allow for muscle atrophy over time. As a 
result, the volume of the reconstructed breast should be 
larger than the opposite breast at the end of the procedure. 
A good cosmetic result can be anticipated if these key steps 
are observed (Fig. 32.6).

The LDm can be harvested either as a myofascial flap 
with no skin island or as a myocutaneous flap with a small 

skin island. Myofascial flaps are typically used for upper 
pole defects, whilst the myocutaneous version is more com-
monly used for transposing additional volume or skin for 
nipple-areola or for lower pole reconstruction. The skin 
island may then be either partially or totally de-epitheli-
alised, depending on whether skin is required to replace a 
skin deficit, or whether a de-epithelialised island is required 
for volume. If the flap is totally subcutaneous, Doppler mon-
itoring cannot be undertaken.

a b c d

Fig. 32.4 Division of all LD miniflap attachments and the resulting 
donor defect. (a) Division of the well-developed fascia between LD 
(top left) and teres major (bottom right), dissecting in a cranial direction. 
The thoracodorsal vessels lie immediately deep to this unnamed fascial 

layer. (b) Clip ligation of a serratus anterior branch in preparation for 
division of the vessels. (c) Protecting the subscapular vessels with a 
sling during division of the LD tendon. (d ) The assistant’s hand outlines 
the extent of the LD donor defect following flap harvest

a b c d

Fig. 32.5 Reconstruction of the resection defect. (a) Lateral view of 
walls of resection defect. (b) Suturing tendon of LD miniflap to lateral 
border of pectoralis major. (c) Suturing folder distal edge of flap onto 

medial cavity wall. (d ) Appearance of flap at end of procedure after 
being sutured into the resection defect

a b

Fig. 32.6 Postoperative appearance. (a) Appearance before extubation, showing over-replacement of the resected volume to allow for subsequent 
volume loss. (b) Appearance at 6 weeks, showing short “lazy-S” lateral scar and natural breast shape
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32.5.2  Perforator Flaps

When designing the flap, the perforators must be assessed 
preoperatively. Unidirectional (8  Hz) handheld Doppler 
assessment usually suffices to identify suitable perforators 
and should be performed preoperatively to ensure that the 
flap designed includes the surface marking of the perforator 
(Figs. 32.7b and 32.8b). Duplex scan could be used in diffi-
cult cases and multidetector row CT scanning has also been 
used [30, 32, 53].

32.5.2.1  Lateral Chest Wall Perforator Flap 
Planning

LICAP and LTAP Flaps (Figs. 32.7  and 32.8)
These flaps are designed on the lateral chest wall by pinch-
ing redundant roll of fat with variable extension around the 
back depending on the tissue needed to fill the defect. The 
flap is oriented parallel to the skin tension lines with the tip 
curving up posteriorly parallel to the underlying ribs and 
following the angiosome description [54]. Anteriorly the 
flap design can be altered to suit the incision required to 
perform the breast cancer resection, usually a curved line 
following the lateral inframammary fold to the lateral 
aspect of the breast and to incorporate the best perforators. 
The perforators are preferably marked preoperatively with 
a handheld Doppler with the patient lying down simulating 
the intraoperative position. The LICAPs are found on an 
average of 3.5 cm from anterior border of LD in the 4th–8th 
intercostal spaces and most likely to be found in the 6th or 
7th intercostal space [31]. The surgery is performed in lat-
eral position with the arm stretched out at 90 degrees in a 
gutter (Fig. 32.9).

The breast resection is performed through the anterior 
apart of the incision taking care not to injure the perfora-
tors. All the pre-marked perforators are dissected, and none 
is sacrificed till a dominant pulsatile perforator is found 
(Figs.  32.7d and 32.8d). The dissection is carried from 
anterior to posterior aspect as this keeps the option for 
TDAP or LD flap viable in case there are no reasonable 
lateral perforators found. Once the perforators are dis-
sected, the rest of the flap is dissected free, islanded and 
de-epithelialized (Figs. 32.7c and 32.8c). The flap is then 
inset into the breast by flipping it over on itself or rotating 
it into the defect (Fig. 32.8e). If the pedicle is long enough, 
the flap can be rotated through 180 degrees [15, 31]. If the 
perforator is eccentric within the area of the flap, this rota-
tion may allow significantly greater reach and is often the 
case with LTAP vessels as the vessels are often long enough 
and pivot the flaps superiorly, allowing greater flexibility 
with insetting [17, 18].

The flap usually sits comfortably in the defect and does 
not require stitches to hold it in place. The donor site is then 

stitched in two layers and patient is expected to acquire nor-
mal range of shoulder movements postoperatively, within a 
short period with no long-term detriment.

TDAP Flaps
The flap is designed with the patient in the standing position, 
with the arms at the sides and the hands on the waist. The 
patient is asked to actively contract her back muscles, at 
which time the anterior lateral border of the LD muscle 
appears clearly under the skin and is marked with a line. The 
proximal perforator branch of the descending thoracodorsal 
artery branch pierces the muscle in the line of the descending 
branch (Fig. 32.10), at 8 cm or more from the axillary fold 
and within 5 cm of anterior border of LD muscle [55]. The 
piercing point of the perforator must be included in the flap 
design. The skin marking is similar to the LICAP flap [56].

The exact location of the perforator is difficult to predict 
preoperatively, so it is useful to mark the potential location 
of the perforator using handheld Doppler (8 MHz) based on 
the anatomical landmarks. The perforators are looked for in 
the area beginning 8 cm below the posterior axillary fold 
and 2–3  cm medial to the free anterior border of the LD 
muscle [38], although it may be difficult to differentiate the 
perforator signal from that from the deep main thoracodor-
sal pedicle. To overcome this problem, perforator compres-
sion test has been suggested whereby applying pressure on 
the probe tends to dampen the signals if that signal is from 
the perforator, because the perforator wall is more collaps-
ible as compared to the main vessel [57]. Other forms of 
imaging such as duplex and CT scan can be used for diffi-
cult cases [53].

Thoraco-dorsal artery perforator flaps are raised in a plane 
above or just below the deep fascia and the perforator 
identified and dissected through the muscle and up to the 
thoracodorsal artery itself until the required pedicle length 
has been achieved (for details see Hamdi et  al. [30, 38]). 
Perforators from the descending branch of the thoracodorsal 
artery are preferred over the transverse branch, but the incon-
sistent perforator size, quality, quantity and location mean 
dissection must be painstaking and are often reported as 
tedious [38, 55, 58]. If the perforator is less than 0.5 mm in 
diameter, the flap is at risk of failure, so conversion to a mus-
cle-sparing latissimus dorsi flap is advised. The flap is 
brought through the muscle and placed in the defect, such 
that the anterior border lies medially or rotated to lie 
inferiorly.

32.5.2.2  Superior Epigastric Flap Perforator 
(SEAP) and Thoraco-Epigastric (TE) 
Flaps

These flaps are designed along the inferior aspect of the 
breast. The suitability can be judged by pinching a roll of fat 
just below the inframammary crease, and the handheld 
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Fig. 32.7 LICAP flap reconstruction. (a) 47-year old with 40 mm can-
cer in the lower outer quadrant of the right breast (preoperative). (b) 
Pre-op marking for LICAP flap. (c) Intraoperative picture showing the 
flap dissected (arrow points towards head with patient in lateral 

position). (d ) Intraoperative picture showing the LICAP perforator. (e) 
Appearance at 2 years after radiotherapy on right side. Patient received 
chemotherapy after surgery. (f) Appearance of the lateral chest wall scar 
2 years after surgery and radiotherapy
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Fig. 32.8 LTAP flap. (a) Preoperative picture of 41-year-old lady with 
a 20 mm cancer in upper outer quadrant of a small “A-cup” breast. (b) 
Preoperative marking of lateral chest wall perforator flap. The X marks 
refer to the location of the perforators as marked preoperatively using 
handheld Doppler. The hatched line refers to the surface marking of the 
lateral border of the latissimus dorsi muscle. (c) Intraoperative photo-
graph depicting the wide local excision cavity and the dissected LTAP 

flap (patient in lateral position with head on the right). (d ) Intraoperative 
picture focussing on the lateral thoracic artery vessels, descending 
down from axilla before reaching the flap (patient in lateral position 
with head on the left). (e) Flap folded and flipped in to the defect 
(patient in lateral position with head on the left). (f) Appearance and 
symmetry 1 year after radiotherapy to the left breast. (g) Appearance of 
the scar 1 year later

a

c

e
f

d

b

P. G. Roy et al.



413

Doppler can be used to map out the perforator(s) [48]. These 
flaps can be used to fill the lumpectomy defects in the lower 
and inner quadrants of the breast. The ability of the flap to 
reach the intended distance can be estimated preoperatively 
whilst mapping out the perforator. Most flaps can be islanded 
and the arc of rotation allows good reach and flexibility [13]. 
The defects in upper-inner quadrants need the flap to be tun-
nelled; therefore, it’s important that the flap is not too wide 
to avoid the bulk, which might interfere with the aesthetic 
outcome. The downside of this approach is the extent of scar 
and disruption of inframammary fold (IMF). If the design of 
the flap is not too wide, most scars can be well hidden in the 
IMF crease; however, the situation might demand wide 
design resulting in downward displacement of the scar that is 
visible below the breast.

The flap is designed as an ellipse along the IMF from the 
midline and extending laterally following the natural fold of 
the breast (Fig. 32.1). The incision can be adjusted according 
to the position of the most prominent perforator, and it is 
recommended that the flap be islanded to prevent a bulge that 
would otherwise result due to tethering of flap near the 
xiphoid process in midline.

Although most flaps designed along the inferior aspect of 
the breast (in the thoraco-epigastric area) are based on the 
SEA perforator, this flap design could also be used for the 
lateral chest wall perforators (depending on the clinical suit-
ability) or for random-pattern advancement flaps to fill the 
lower midline defects [10].

32.6  Outcomes

The literature on volume replacement comprises mainly sin-
gle-institution series, i.e. level 3 evidence. There is a lack of 
objective outcome reporting very few comparative studies, 
and it is likely that publication bias exists. It is not clear 
whether volume replacement techniques are being widely 

used by surgeons other than the recognised experts such as 
Hamdi, Rainsbury and Munhoz. Those achieving less suc-
cessful outcomes are less likely to report their results.

32.6.1  Oncological Outcomes

Although the volume of literature on oncoplastic surgery is 
expanding rapidly, the indications for surgery, the techniques 
used and the duration of follow-up remain unclear. Overall, 
oncoplastic breast-conserving surgery has approximately 
equivalent local recurrence rates to that of standard breast 
surgery. This may reflect the balance between allowing wider 
excision for some tumours and being used in patients with 
more extensive disease [59–62]. A recent meta-analysis 
compared outcomes in >3000 patients following oncoplastic 
conservation with >5000 following conventional breast- 
conserving surgery [63]. Although there are limitations with 
this approach, women treated by oncoplastic techniques had 
significantly fewer re-excisions for positive resection 
margins and experienced significantly fewer local recurrences 
than those treated by conventional techniques.

Tables 32.1 and 32.2 summarise the limited literature on 
local recurrence after volume replacement with distant flaps. 
For LDm series, the local recurrence rates vary from 0 to 5% 
with a stated follow up of 24–54 months. It is striking that 
most reports on perforator flap surgery focus on the tech-
niques of surgical reconstruction, rather than the oncological 
aspects of these procedures. This may reflect the interests of 
the population of surgeons undertaking the different forms of 
reconstruction with more breast/general surgeons doing 
LDms and plastic surgeons carrying out the perforator flaps. 
Alternatively, it may be simply because perforator flaps have 
been used in fewer patients and more recently so that follow 
up data is only now becoming mature enough for scrutiny 
[15, 17, 18]. Finally, it is reasonable to assume that the onco-
logical decision-making with regard to tumour excision is 
dissociated from the method used to fill the defect, so local 
recurrence rate should not vary according to reconstructive 
technique used. However, Rietjens et al. [62] report that LD 
volume replacement was used for cases with a large defect 
and that larger tumours had a higher recurrence rate, so it is 
possible that over time, a trend will emerge.

32.6.2  Cosmetic and Other Outcomes

Assessment of cosmetic outcome varies from superficial to 
detailed. Again, the lack of data on cosmetic outcome after 
perforator flap surgery may simply reflect the proof of 
principle nature of many of the reports to date. For example, 
Hamdi et al. give extensive detail on surgical technique but 
do not comment on aesthetic outcome [38]. Munhoz et al. 
reported a series of 13 patients who underwent LICAP, all 
with “satisfactory results,” but the assessment method was 

g

Fig. 32.8 (continued)
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not described. However more recent publications including a 
meta-analysis using pooled results have reported signifi-
cantly greater satisfaction with cosmetic outcome following 
both volume replacement and displacement procedures when 
compared with more straightforward breast-conserving tech-
niques [18, 63].

Not surprisingly, when quadrantectomy was compared 
with quadrantectomy plus immediate volume replacement, 
the symmetry (as assessed by Moire topography) was satis-
factory after volume replacement, but severe deformity was 
observed after lateral quadrantectomy and no reconstruction 
[25]. Hernanz et al. used panel assessment of cosmetic out-
come after LD volume replacement initially [64] and then 
followed-up an overlapping cohort including 19 of the same 
patients [65] using breast cancer conservative treatment 
(BCCT) cosmetic results software [66]. This standardised, 
objective assessment may in the future enable inter-series 
comparisons and comparisons over time, though since differ-
ent methods were used in the two Hernanz studies, it is dif-
ficult to interpret. He commented that four (21%) had 
deteriorated from good to fair.

Although comparative studies are always difficult in sur-
gical research because “clinical judgement” often results 
in a patient being advised to follow one course of action 
or another, in order to assess the results of volume replace-
ment surgery after breast-conserving surgery, one would 
need to compare with the alternative, that is, a skin-sparing 
mastectomy and immediate breast reconstruction. Three 
studies describe this comparison. Gendy et al. report post-
operative complications, further surgical interventions, 
nipple sensory loss, restricted activities and cosmetic out-
come by panel assessment [49]. These were all better in 
the LDm group than in the group of patients undergoing 
mastectomy and immediate breast reconstruction. Anxiety 
about residual cancer and ease of breast self-examination 
were similar in both groups. Similarly, Dixon et al. com-
pared women undergoing LDm reconstruction with those 
having standard breast-conserving surgery or mastectomy 
and immediate whole breast reconstruction. Patients with 
LDms reported better shape and symmetry and less self- 
consciousness [51]. Bassiouny et  al. compared patients 

Fig. 32.10 Intraoperative picture of TDAP dissection

Fig. 32.9 Patient positioning 
during surgery. All aspects of 
surgery including wide local 
excision, sentinel lymph node 
biopsy and flap dissection 
including inset can be 
performed in this position

P. G. Roy et al.



415

undergoing quadrantectomy and immediate volume 
replacement with those undergoing nipple-sparing mastec-
tomy and immediate reconstruction with an LD flap with 
patient self-evaluation questionnaire and two independent 
observers of photographs using the Harris criteria. They 

found similar rates of complications and no significant dif-
ference in aesthetic results in the two groups [67].

The scar required for chest wall perforator flaps is a long 
scar on the lateral chest wall, and it is recommended that the 
women are warned beforehand in order to manage the 

Table 32.1 Case series of latissimus dorsi miniflap volume replacement

Author Flap N
Tumour 
size WLE weight LR and follow-up Cosmesis Complications

Noguchi 
1990 [25]

LDm 5 4/5 good cosmesis by Moire 
topography

Raja 1997 
[52]

LDm 20 25 mm 57%
>150 g

Cosmetic failure uncommon 
(10% vs. WLE 34%)

Kat 1999 
[82]

LDm 30 Two minor wound infections, six 
seromas

Dixon 2002 
[51]

LDm 25 Median 94 g Similar to WLE 21 seromas, no other major 
morbidity

Gendy 2003 
[49]

LDm 49 22 mm 2 LR at 53 months but 
had not had RT

Significantly better than for 
SSM

6% req. further surgery. One 
brachial plexopathy

Losken 2004 
[83]

LDm 39 5% at 44 months

Nano 2004 
[84]

LDm 18 Median 
33 mm

130 g 0 at 24 months 17/18 satisfied (1 required 
mastectomy)

14 seromas, no major 
complications

Munhoz 
2005 [85]

LDm 48 44%
>2 cm

Flap complications in 7, donor 
site in 12

Naguib 2006 
[86]

LDm 29 Median 
5.2 cm

219 cm3 69% cosmetic satisfactory Persistent seroma 52%. No 
sepsis or flap viability problems

Navin 2007 
[87]

LDm 51 20 mm 217 g None at mean 
33 months

86% of respondents 
satisfied

1 flap necrosis

Rusby 2008 
[19]

LDm 110 34 mm 207 g 1 at median 
41.4 months

3 infection/wound problems

Hernanz 
2011 [65]

LDm 41 22 mm Median167cc 1/41 (2.4%) at 
54 months

65% satisfactory

Table 32.2 Case series of other pedicled flaps in reconstruction after breast conservation surgery

Author Flap N
Median 
tumour size

Median 
weight of 
WLE LR and follow-up Cosmesis Complications

Hamdi 2004 
[30]

TDAP
ICAP

18
3

2 partial flap necroses

Hamdi 2008 
[38]

TDAP to various 
sites
73 immed. partial 
reconstruction
5 delayed

99
73
5

90 perf, 10 MS flap
One major flap necrosis, 
partial in 3

Zaha 2010 
[88]

Omental flap 24 32 mm 180 cc None, duration of 
follow-up not stated

Excellent or 
good in 93%

Munhoz 
2011 [15]

LICAP
AICAP

11
2

9 were 
<2 cm

165 g None at mean 
32 months

92% satisfied or 
very satisfied

2 wound dehiscence, 1 fat 
necrosis

McCulley 
2015 [17]

LTAP 31 – – – – No flap loss

Roy 2016 
[18]

LICAP and LTAP 40 (11 with 
2-stage 
approach)

35 mm 96 g None at median 
24 months

1 partial flap loss due to 
hematoma
2 fat necrosis requiring 
excision

Several other oncoplastic series excluded, e.g. [14, 62, 67, 89, 90], because it is not possible to separate data for volume replacement after breast- 
conserving surgery from other cohorts
WLE wide local excision, LR local recurrence, LDm latissimus dorsi miniflap, TDAP thoracodorsal artery perforator, ICAP intercostal artery per-
forator, SEAP superior epigastric artery perforator, LICAP lateral intercostal artery perforator, AICAP anterior intercostal artery perforator, TUG 
transverse upper gracilis
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expectations (Figs. 32.7f and 32.8g). There is a favourable 
trade-off between the aesthetic outcome and the scarring 
(Figs. 32.7e and 32.8f). Moreover more than half the length 
of the scar is covered by radiotherapy, which fades the scar 
significantly. Similarly the scar for TE flaps can be cosmeti-
cally unappealing but is visible, in majority of the women, 
only with arms raised, as it sits in the inframammary crease 
(Fig. 32.1d).

32.6.3  Complications

Complications are common to all volume replacement flaps. 
Oncologically, these include the possibility of positive mar-
gins, which may only be known some days after the proce-
dure. Oncoplastic techniques allow larger volume excisions, 
so the incidence of positive margins is lower than that in a 
population undergoing standard breast-conserving surgery 
[63]; however, there is still a quoted rate of 3–16% [52, 60, 
68]. This poses problems when volume replacement is car-
ried out as an immediate procedure. Strategies to prevent this 
include assessing bed biopsies with frozen section at the time 
of surgery and carrying out full cavity re-excision until the 
new margins are confirmed clear [19]. Others advocate a 
delayed approach, waiting for final pathology results before 
returning to theatre a week or two after ablative surgery to 
perform the reconstruction [18, 51]. The downside of this is 
a second operation, and in the majority of cases, margins are 
clear if advocated routinely [51]; certainly this has a place 
for use in carefully selected patients [18].

There have been concerns about mammographic follow-
up after volume replacement surgery. The flap may undergo 
focal necrosis resulting in oil cysts or other mammographic 
changes. However, several reports state that distinguishing 
benign postsurgical changes from local recurrence is possi-
ble radiologically in most cases [2, 69, 70].

Shoulder girdle dysfunction has been closely studied in 
patients undergoing full breast reconstruction using the LD 
muscle with or without an implant. Button et al. [71] used the 
DASH score (Disabilities of the Arm, Shoulder and Hand) to 
document changes from preoperative function up to 3 years 
after surgery and identified a functionally insignificant 
increase in score in patients undergoing whole breast recon-
struction using autologous LD. Gendy et al. [49] investigated 
physical disability after LDms and whole breast reconstruc-
tion with LD and implant reconstruction. They found equiva-
lent degrees of shoulder disability, affecting work in 25% of 
both groups, although less than 5% of respondents required 
regular analgesia for symptoms. Hamdi et al. [72] reported 
on a series of 22 patients who had undergone TDAP flap vol-
ume replacement and participated in a functional study of 
shoulder function. When comparing the LD strength on the 
operated side with the unoperated side, LD strength seemed 

to be maintained. Shoulder mobility was similar, but active 
and possible forward elevation and passive abduction were 
significantly reduced.

Seroma formation is widely reported after LD reconstruc-
tion. Strategies to reduce this include use of drains, quilting, 
tissue adhesives and steroid injections [73–76]. Interestingly, 
Hamdi et al. report no seroma formation after TDAP flap [38].

Another symptom unique to LDm reconstructions is that 
of muscle movement and twitching. The surgeon must decide 
whether the thoracodorsal nerve should be preserved at the 
time of primary surgery. This may reduce the volume loss 
associated with muscle atrophy but does leave the muscle 
innervated and therefore liable to contract when the patient 
forcefully adducts the upper arm. Rarely, muscle twitching is 
spontaneous, repetitive, forceful, visible and distressing for 
the patient, requiring secondary division of the nerve.

Flap loss rates are hard to gauge as many studies report 
the use of TDAP and ICAP flaps for a variety of indications 
and include both free and pedicled flaps [38, 77]. The flap 
loss rate in descriptions of the TDAP and LICAP flaps for 
partial breast reconstruction was partial flap loss in 2 of 31 in 
1 series [30] and 0 in others [15, 18].

LDm reconstruction of partial mastectomy defects is often 
criticised as “burning bridges” because if a patient develops 
in-breast recurrence, the LD muscle is no longer available for 
a salvage reconstruction postmastectomy. However, recur-
rence in this context is an uncommon event [19], and when it 
occurs, mastectomy and free flap reconstruction are the treat-
ments of choice. The weight gain commonly observed fol-
lowing breast cancer treatment (average 1–5 kg [78]) may 
increase the availability of alternative autologous tissue for 
reconstruction in this uncommon situation.

32.7  The Future of Volume Replacement

As more surgeons develop oncoplastic skills, the need for 
secondary correction of partial mastectomy defects should 
diminish. Alternative methods of filling defects, such as lipo-
modelling, are already being used (see Chap. 61) [Rietjens 
and Urban], but the longer-term cosmetic and oncological 
outcomes of this approach are unknown. Primary reconstruc-
tion of resection defects is a safe and established technique, 
which allows women to choose breast conservation instead 
of mastectomy without compromising oncological or cos-
metic results [63]. This approach is already pushing the 
boundaries of conservation to include patients with tumours 
reaching or greater than 50  mm [79]. This “extreme 
oncoplasty” is likely to gain traction using flaps, which 
provide sufficient volume to fill these substantial defects. 
Two-stage approach is a potential option for patients with 
breast cancer size bordering onto mastectomy, whereby the 
lumpectomy is performed and cavity filled with saline to 
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maintain the shape and size of the cavity whilst the histology 
ensures clear margins [18]. The cavity is then reconstructed 
with perforator flap as a second operation (done within 
3–4 weeks after the first surgery). This approach helps to 
extend the indications for breast conservation surgery in 
borderline cases, which otherwise could have ended up with 
mastectomy and also prevents unnecessary partial breast 
reconstruction procedure in women needing mastectomy due 
to tumour extent.

The LDm is a useful option for partial breast reconstruc-
tion and can be performed by all surgeons who routinely 
carry out LD reconstruction after total mastectomy. Several 
units have published reasonable-sized series suggesting that 
this is a reliable technique (Table  32.1). Unlike perforator 
flaps, careful harvest of the LDm can provide enough volume 
to reconstruct extensive defects. In a recent series, LDms and 
therapeutic mammoplasty techniques were used to recon-
struct large defects following the resection of tumours with a 
mean span of 67 (50–177) mm, with excellent local control 
and favourable patient-reported outcomes [80].

The popularity of deep inferior epigastric artery and other 
perforator flaps for whole breast reconstruction has led to 
wider availability and reliability of perforator flaps in 
general. LICAP and TDAP flaps are used in a manner similar 
to LDm and have the advantage of preserving the function of 
the muscle. LICAP flaps have the advantage that they do not 
interfere with the ability to perform LD flaps should that be 
required in future for total breast reconstruction, although 
the excellent tumour clearance and local control that can be 
achieved following LDm reconstruction makes this a rare 
event [81]. Moreover, the subsequent use of LD to reconstruct 
a mastectomy defect after perforator flap-assisted breast 
conservation is likely to require additional implant volume, 
because of the overall flap volume sacrificed during the 
perforator flap harvest. As the previous use of radiotherapy is 
a relative contraindication to the use implant-assisted LD 
reconstruction, a free flap technique is likely to be the treat-
ment of choice in this uncommon situation.

Perforator flaps do require specific skills and expertise 
and it seems that the use of these flaps is confined to a few 
very specialist centres [14, 15, 17, 18, 30]. The experience 
with the use of these flaps is gradually increasing, even then 
the individual published series have small numbers. The 
LICAP (and LTAP) flaps have limited mobility due to short 
perforator size, thus limiting the indications to the lateral 
quadrant tumours only; which may explain the small numbers 
in published series. TDAP flaps have similar mobility to 
LDms and thus have the potential for wider use, but 
experience in the published literature is rather very limited, 
probably due to the expertise required for dissection of the 
perforator. The perforator flaps are gradually gaining favour 
and hopefully more data on outcome will be available with 
gain in wider experience.
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Nonconventional Techniques 
in Oncoplastic Surgery

Mario Rietjens, Cicero Urban, and Visnu Lohsiriwat

33.1  Introduction

The concept of oncoplastic surgery (OP) is not so compli-
cated. If the surgeon can manage three “basic” reduction 
mammaplasty techniques such as techniques derived from 
the upper nipple and areola blood supply (superior pedicle) 
[1–3], techniques derived from the lower/posterior nipple 
and areola blood supply (inferior pedicle) [4–7], and tech-
niques derived from glandular nipple and areola blood sup-
ply (periareolar) [8, 9], it is possible to solve around 90% of 
the cases. In this chapter, the goal is to show you possible 
solutions in special cases that seem initially too much com-
plicated due to anatomical variations, tumor locations, or 
patient’s wishes.

33.1.1  Oncoplastic Surgery with Implants

The indication for use of prosthesis is always problematic in 
cases of partial immediate reconstruction after quadrantecto-
mies as it is difficult to forecast aesthetic results after exter-
nal radiotherapy. There is a higher risk of periprosthetic 
capsule formation, which can lead to malpositioning of the 
prosthesis with unsatisfactory aesthetic results. Nowadays, 
with the development of the new techniques of external 
radiotherapy, with an optimal target dose calculation, maybe 

could be an indication of small breast cases with reduced 
thickness and by using a wide base and low projection 
implant just to maintain the volume (Figs. 33.1 and 33.2).
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Fig. 33.1 Preoperative image: upper outer quadrantectomy of the right 
breast

Fig. 33.2 Postoperative results 6  months after subpectoral 90-cm3 
implant insertion and external radiotherapy
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33.1.2  Oncoplastic Surgery Plus 
Intraoperative Radiotherapy 
and Bilateral Breast Augmentation 
with Implants

This is a technique performed routinely in the European 
Institute of Oncology (IEO) for patients with small tumors 
and small breasts that wish a conservative surgery and also 
an increase in the volume of the breast [10–12]. In order to 
avoid postoperative complications due to the traditional 
external radiotherapy, an intraoperative radiotherapy can be 
done. All patients were treated with breast-conserving sur-
gery (quadrantectomy). The ELIOT (electron beam intra-
operative therapy) was delivered by two mobile linear 
accelerators immediately after breast resection with a sin-
gle dose of 21 Gy that in radiobiology equivalence is simi-
lar to the 45 Gy of external radiotherapy. In young patients, 
only a boost in the tumor bed of 10 Gy is performed, and a 
complementary external radiotherapy is done after the 
 surgery [13].

The quadrantectomy approach can be done through a 
periareolar incision. After the tumor resection, the lateral 
glandular flaps are undermined to allow the insertion of two 
metallic disks (lead and aluminum) to protect the thoracic 
wall from the radiotherapy diffusion. After that, the mobile 
radiotherapy equipment is placed, and the calculated dosage 
is applied in the gland around the quadrantectomy. Then, the 
reconstructive step begins with the insertion of the prosthesis 
below the pectoralis major muscle and with the use of glan-
dular flaps to cover the defect from quadrantectomy. The 
same implant is also used in the contralateral breast augmen-
tation (Figs. 33.3, 33.4, 33.5, and 33.6).

33.1.3  Combined Mammaplasty Techniques

The oncoplastic surgeon with good experience with the main 
mammaplasty techniques can in special indications, as breast 

Fig. 33.3 Preoperative drawings: T1 tumor located between the inter-
nal quadrants of the left breast

Fig. 33.4 After excision of the tumor, the metallic disks (aluminum 
and lead) are placed to protect the thoracic wall before starting the 
electron beam intraoperative therapy

Fig. 33.5 Intraoperative image: sterile collimator adjustment to deliver 
the intraoperative radiotherapy

Fig. 33.6 Postoperative image at 6  months: good cosmetic results 
without capsular contracture or radiodystrophy
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size and tumor localization, combine two or more techniques 
to achieve good cosmetic results. The basic requirement is a 
good knowledge of breast blood supply, in order to avoid 
skin and/or glandular necrosis.

A useful technique in cases of big tumors in the upper 
outer quadrant and huge and ptotic breasts can be a double 
pedicle. One pedicle is similar to Skoog technique, in order 
to pull up the nipple and areola complex with good blood 
supply [14, 15]. A second pedicle is a skin glandular pedi-
cle, based on the vascular pedicles from the lateral border of 
pectoralis major muscle, and will be used to cover the glan-
dular defect in the upper outer quadrant. This is a good solu-
tion in this situation, with tumors very superficial, and the 
skin over the lump is oncologically necessary to be removed; 
the only disadvantage is the large scars (Figs. 33.7, 33.8, 
33.9, and 33.10).

Another option for tumors located in the upper outer quad-
rant can be a technique similar to Lejour’s technique but using 
the inferior triangle of glandular tissue rotate to cover the 
quadrantectomy defect (Figs. 33.11, 33.12, 33.13, and 33.14). 
This technique can be used in large breasts with medium pto-
sis degree, and the advantage is the scar shortness.

33.1.4  Fasciocutaneous Abdominal Flaps

Small tumors in small breasts are always a challenge to get 
good cosmetic results with a conservative surgery. In cases 
of thin patients with small breast without ptosis and small 
tumors located in the inferior quadrant, can be indicated a 
fasciocutaneous flap harvest just above the inframammary 

fold and rotate to cover the defect. The flap should be taken 
just above of the inframammary fold and the pedicle oriented 
in the medial portion to preserve the perforator vessels com-
ing through the upper part of the rectus abdominal muscle. 
The flap orientations follow the inframammary fold in order 
to maintain the scar exactly at this level to be less visible 
(Figs. 33.15 and 33.16) [16].

Fig. 33.7 Preoperative image: the black line is the tumor 
circumference

Fig. 33.8 Intraoperative image after the quadrantectomy (weight 
420 g) and the drawing for Skoog and lower outer pedicle technique

Fig. 33.9 On-table view

33 Nonconventional Techniques in Oncoplastic Surgery
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Fig. 33.10 Cosmetic results 3 months after radiotherapy

Fig. 33.11 Preoperative image: trifocal tumor in the upper outer quad-
rant. The drawing pattern is similar to that for the Lejour technique

Fig. 33.12 Intraoperative image: after the quadrantectomy, a glandular 
flap is prepared on the basis of the upper inner quadrant

Fig. 33.13 Intraoperative image: the inferior triangle of glandular tis-
sue normally removed with this technique will be rotated to cover the 
upper outer defect

Fig. 33.14 Intraoperative image showing the final reshaping with only 
periareolar and vertical scars

M. Rietjens et al.
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Fig. 33.15 Other options for lateral rotation skin flaps

33 Nonconventional Techniques in Oncoplastic Surgery
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33.1.5  Reshaping with Nipple  
and Areola Grafting

Some of “special indications” of large conservative surgery 
can be taken in consideration following the patient’s request. 
In cases of large tumors or multifocal tumors in the superior 

quadrants, a large quadrantectomy with skin excision can be 
indicated. In these cases, a complete transposition of the 
lower pole of the breast in order to have a good breast shape 
can be available, but the nipple and areola complex should be 
transposed as a skin graft (Figs.  33.17, 33.18, 33.19, and 
33.20) [17].

Fig. 33.16 Options for inferolateral fasciocutaneous flaps

M. Rietjens et al.
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Fig. 33.17 Preoperative planning: bifocal tumor in the upper pole of 
the breast very close to the skin

Fig. 33.18 Intraoperative view after the large skin and glandular resection

Fig. 33.19 Intraoperative view after glandular reshaping and nipple 
and areola transposition as a skin graft

Fig. 33.20 Final results after 6 months

33.2  Fasciocutaneous Superior  
Abdominal Flap

33.2.1  Indications

This technique is based on Holmstrom’s flap [18, 19], which 
is proposed for breast reconstruction with prosthesis. It could 
be useful in cases of tumors situated in the inferior quadrants 
and in small breasts without ptosis, when it is not possible to 
associate a reductive mastoplasty technique.

33.2.2  Technique

The preoperative drawing is made when the patient is stand-
ing up. The superior edge of the flap must be placed exactly 
in the inframammary sulcus. The inferior edge must be 
designed in a way that the donating zone can be closed with 
an advance of the upper abdominal flap up to the inframam-
mary sulcus. The flap must be fasciocutaneous so to pre-
serve vascularization, and a superior rotation must be 
performed in order to allow for better remodeling of the 
breast (Figs. 33.21, 33.22, and 33.23).

33.3  Musculocutaneous Flaps

An immediate reconstruction with musculocutaneous flaps 
may bring some difficulties, mainly due to the need of a post-
operative radiotherapy. Either a moderate or a major radio-
dystrophy could damage the final aesthetic result.

33 Nonconventional Techniques in Oncoplastic Surgery
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33.3.1  The Latissimus Dorsi

33.3.1.1  Indications
The latissimus dorsi flap technique was first proposed by 
Olivari [20] for breast reconstruction, and today it is possible 
to use it in selected cases for immediate partial reconstruc-
tion after quadrantectomy. The best indication of this tech-
nique is reconstruction of external quadrants or even repair 
of the central quadrant [21–23].

33.3.1.2  Technique
The traditional technique is described in more details in the 
specific chapter about it. In this chapter we will focus on the 

musculo-adipose flap of the latissimus dorsi (with no dorsal 
scar) for immediate breast repair after quadrantectomy. This 
technique can be used in cases of supero-external quadran-
tectomy, with no skin removal, and in small breasts, without 
ptosis.

After quadrantectomy and biopsy of the sentinel lymph 
node (or axillary lymphadenectomy), it is possible to prepare 
a  musculo-adipose flap of the latissimus dorsi through the 
same incision. This flap is placed in the anterior thoracic 
region to repair the defect from quadrantectomy (Figs. 33.24, 
33.25, 33.26, 33.27, and 33.28).

Fig. 33.21 Preoperative drawings: skin excision for lower tumor resection 
and flap drawing in order to put the final scar in the inframammary fold

Fig. 33.22 Intraoperative image: flap rotation and the abdominal skin 
flap should be undermined to fix the final scar at the level of the infra-
mammary fold

Fig. 33.23 Postoperative image after 1 month

Fig. 33.24 Preoperative image: tumor located in the upper outer quad-
rant. Patient with small breast and who refused mastectomy

M. Rietjens et al.
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Fig. 33.25 Intraoperative image after the quadrantectomy and axillary 
dissection

Fig. 33.26 Rotation of the latissimus dorsi musculo-adipose flap

Fig. 33.27 The flap is used to cover the quadrantectomy defect

Fig. 33.28 The final results on the table

33 Nonconventional Techniques in Oncoplastic Surgery
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Fig. 33.29 Options for axillary skin rotation flaps

33.3.2  Rectus Abdominis Flap

From our experience, we do not indicate immediate partial 
reconstruction after quadrantectomy with musculocutaneous 
flap from the rectus abdominis muscle. This is a major sur-
gery for a partial repair, and yet there is a risk of an incorrect 
aesthetic result after radiotherapy on the flap. There is a 
report of partial breast reconstruction with mini superficial 
inferior epigastric artery and mini deep inferior epigastric 
perforator flaps with satisfying results [24].

33.3.3  Other Flaps

There are several other methods related to oncoplasty that 
have been reported using for partial breast reconstruction, for 
example, transverse gracilis flap [25], omental flap [26, 27], 
or combination or axillary skin rotation flaps [28] 
(Fig. 33.29). However, they are rarely performed and gain 
less popularity at present.

M. Rietjens et al.
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33.4  Trends and Future of Partial Breast 
Reconstruction

 1. As the absolute indications for total mastectomy are being 
de-escalated, most of the indications are limited to those 
with extensive tumor burden, persistent lesion after neoad-
juvant treatments, and patients’ preference. In contrary, the 
patient’s acceptance for partial mastectomy is escalated so 
that the total procedure and varietal of partial breast recon-
struction is expected to be massive in next years.

 2. The donor site morbidity is becoming the major concern 
for oncoplastic volume replacement procedure for partial 
breast reconstruction. In order to avoid such morbidities, 
the perforator flaps are more applicable for both small 
and large breast reconstructions. These flaps can be raised 
as propeller flaps or pedicle flaps, for example, thora-
codorsal artery perforator (TDAP), lateral intercostal 
artery perforator (LICAP), and lateral thoracic artery per-
forator (LTAP).

 3. As the major progression and acceptance of tissue engi-
neering in medicine, in particular, development of cellu-
lar expansion mechanism both in vivo and in vitro process 
makes the future of surgery in the next decades. At pres-
ent, mesenchymal stem cell, especially, from adipose 
(which is so-called adipose-derived stem cell or ADSC), 
is the main clinical importance due to the ease of speci-
men harvesting and promising surgical outcome. The 
application of progenitor cellular knowledge and tissue 
engineering may take place for primary oncoplasty or 
retouch and revisional post oncoplasty procedure. Many 
translational researches also focus on utilization of bio-
logic and synthetic scaffold along with mesenchymal cell 
and extracellular matrix applications (Figs. 33.27, 33.28, 
and 33.29).

33.5  Conclusion

Oncoplastic volume replacement and volume displacement 
techniques gain more popularity due to technical improve-
ment and expanding indication for partial mastectomy from 
oncological point of view. In general, the oncoplastic surgery 
can be performed by mammaplasty techniques. Knowledge 
and understanding of vascular supply of breast parenchyma 
and nipple areolar complex are a very important key to suc-
cess. When simple mammaplasty technique cannot be 
selected, there are other options for surgeons and patients to 
discuss. Prosthesis reconstruction can be performed with low 

capsular contraction rate when introduce the proper intraop-
erative radiotherapy protocol. Other fasciocutaneous and 
myocutaneous flaps can be done with promising results, and 
surgeon should keep in mind the oncoplastic principle to 
achieve the best oncologic and aesthetic benefit. Adipofascial 
perforator flaps may reduce donor site morbidity in most 
oncoplasty volume replacement techniques. In next decades, 
tissue engineering will be the alternative promising methods 
for partial breast reconstruction especially from mesenchy-
mal and extracellular matrix component [29, 30].
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Delayed Reconstruction After Breast- 
Conserving Surgery

Eduardo G. González

34.1  Introduction

In recent years, much has been written about the term “onco-
plastic surgery of the breast,” probably without taking into 
account its original definition. According to Werner 
Audretsch [1], who described it for the first time in 1994, 
“oncoplastic surgery of the breast” originally included all the 
surgical approaches of plastic and reconstructive surgery that 
intended to achieve an oncological resection with satisfac-
tory margins, in the context of a conservative treatment, try-
ing to minimize potential deformities and obtaining better 
cosmetic results.

Later, after going through different definitions related to 
the surgical technique, such as “cosmetic quadrantectomy” 
[2], “lower pole tumor reduction mammaplasty” [3], and 
“central tumor reduction” [4], the concept was extended to 
the term “tumor-specific immediate reconstruction” [5] pro-
posed by John Bostwick in 1996. This plastic surgeon from 
the USA not only included techniques for preventing the 
sequelae of the conservative treatment but also all the spec-
trum of techniques employed for immediate reconstruction 
after a partial or complete mastectomy (immediate breast 
reconstruction) and to correct the sequelae of these (deferred 
breast reconstruction), as well as the techniques employed 
for the immediate repair in the surgical treatment of locally 
advanced and recurrent tumors of the thoracic wall.

Presently, after all these terminological discrepancies, it is 
usual in the medical community to relate the term “oncoplas-
tic surgery of the breast” to Bostwick’s classification.

Conservative treatment of breast cancer (breast conserva-
tive treatment) has proved to be an oncologically safe proce-
dure for disease control compared with mastectomy in 
tumors up to 5 cm according to several publications [6, 7]. 
This treatment includes a complete tumor resection with an 

oncological safety margin, the exploration of the axilla (sen-
tinel lymph node biopsy or axillary lymphadenectomy), and 
breast volume radiotherapy with or without a boost on the 
tumor bed following the treatment protocols.

By definition, breast conservation not only implies locore-
gional oncological control of the disease, but it is also essen-
tial to preserve the breast with a good aesthetic result.

So, what must the surgeon do to accomplish this 50 
premise?

• Know the different approaches and aesthetic incisions 
required to reduce sequelae (Fig.  34.1). The incisions 
should be made around the areola in upper quadrant 
tumors, periareolar in lesions that are next to the nipple–
areola complex, and radiated or through the submammary 
fold in tumors of the lower quadrants. In tumors of the 
upper and medial quadrant, the periareolar approach may 
avoid unsightly scars in that region.

• Know the techniques of gland shaping to avoid defects 
secondary to the loss of part of the gland after resection.

• Know the fundamentals and effects of radiotherapy in 
conservative treatment: several publications have ana-
lyzed the changes in the irradiated mammary gland 
according to its volume and the homogeneity of the dose 
delivered. In a prospective and randomized trial, Moody 
et al. [8] compared the adverse effects of radiotherapy in 
small, medium-sized, and large mammary glands and 
found moderate and severe negative aesthetic results in 
only 6% of small breasts and in up to 39% of large ones. 
Gray et al. [9] evaluated 267 irradiated patients after con-
servative surgery. They observed a significant reduction in 
aesthetic results in patients with macromastia and inade-
quate treatment, with areas of overirradiation or underir-
radiation, about 10–15% as a consequence of the lack of 
homogeneity of the dose owing to the size of the breast. 
Following these parameters, we can obtain approximately 
70% good results, leaving 30% of patients with remaining 
deformities that would require a secondary surgical cor-
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rection [10]. Oncoplastic surgery of the breast had its ori-
gin in the intent to prevent these unsatisfactory results of 
breast conservation observed in these 30% of patients.

The crucial factor to develop and implement these tech-
niques and the sequence related to other treatments (chemo-
therapy, radiotherapy) motivated further interdisciplinary 
analysis to evaluate its safety and results. It is in the limita-
tions of conservative surgery related to the breast and tumor 
volume or to the site of the lesion (e.g., central tumors), 
which are classic relative contraindications for conservative 
treatment, where oncoplastic surgery of the breast achieves 
breast conservation and immediate reconstruction with onco-
logical safety in adverse anatomical conditions.

On the other hand, oncoplastic surgery of the breast is 
also indicated in the following cases: superficial tumors that 
need a skin resection, secondary resections in breasts with 
multiple scars, widening of resection because of positive 
margins, and in patients with previous breast augmentation 
surgery and breast cancer who need oncologically safe mar-
gins and breast conservation.

In summary, and to respond to the difficult question of 
how do we decide who needs immediate reconstruction with 
breast conservative treatment, we can list three basic situa-
tions in which the oncoplastic surgery finds can apply it:

 1. Problems related to the site of the tumor (central, in the 
midline, upper medial quadrants, etc.) or to tumor vol-
ume/breast volume relation [4].

 2. In the treatment of locally advanced cancer treated with 
induction chemotherapy and salvage surgery, preserving 

the breast with wide resection margins and good local 
control.

 3. Special situations such as skin resections in superficial 
tumors, patients with multiple previous scars, resections 
with wide margins in patients with ductal carcinoma in 
situ or secondary to tumorectomy with positive margins, 
or breast cancer in patients with previous breast 
augmentation surgery.

Following the previous exposition, we recommend that 
when the patient has risk factors that increase the possibility 
of sequelae after breast-conserving surgery, immediate 
breast reconstruction with oncoplastic techniques is 
preferable (Figs. 34.2 and 34.3).

34.2  Etiology and Classification 
of the Sequelae

There are many factors that can be determinant in producing 
a deformity in the breast that has been operated on. The most 
important is probably the gland resection itself that produces 
a reduction in the breast volume. In a planned resection, it is 
important to calculate the approximate tumor volume and the 
healthy tissue margin around it, for example, if we resect a 
tumor of 2-cm diameter with a margin of 1 cm, this is equiva-
lent to 30 g of gland volume, but if we enlarge the margin to 
2 cm, the defect enhances up to more than 100 g with a dif-
ferent impact on the final result. The tumor site is the second 
determinant factor: there are sites of the breast where the 
defect can be repaired favorably, such as the upper and lat-
eral quadrants, and others such as the medial region or lower 
quadrants where the structural alteration is maximal and its 
correction difficult. The size of the breast is also important: 
many results are conditioned by this factor, the damage being 
less when the relationship between the breast and the tumor 
volume is larger. A body mass index greater than 30 is also 
related to a higher number of sequelae [12].

Breast retraction and fibrosis are the usual changes after 
radiotherapy, but there are some factors that can increase the 
sequelae secondary to this treatment. A total dose of 66 ver-
sus 50 Gy worsens the cosmetic results [13], and, as men-
tioned before, the gland and fat tissue volume also have a 
negative influence on this last issue [8, 9]. Chemotherapy can 
worsen the results, administered either simultaneously or 
sequentially with radiotherapy [14].

When patients seek consultations because of sequelae of 
a conservative treatment, there are some parameters related 
to the patient’s anatomy that have to be evaluated, as well as 
the characteristics of the breast that has been operated on and 
the symmetry of both breasts and the nipple–areola 
complex.

Approach

Periareolar Incisions Radial Incisions

Fig. 34.1 Approaches and aesthetic incisions in conservative surgery. 
The incisions are indicated according to the place of resection and the 
Langer lines of the breast. It is interesting to point out the approach of the 
upper and medial quadrant through the periareolar region to avoid the 
scars in the region described by A. Grisotti as “no man’s land” (in blue)
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Deferred breast reconstruction of these deformities is lim-
ited by five determinant factors: the lack of skin or gland 
tissue, scar retraction, radiodermatitis, and fibrosis.

Evaluation of sequelae is highly subjective, and the con-
cordance between surgeons and patients or between differ-
ent surgeons is generally low [15]. In recent years some 

IMMEDIATE BREAST RECONSTRUCTION IN BREAST CONSERVATIVE TREATMENT

ONCOLOGICAL AND COSMETIC DECISION FACTORS

ALGORITHM (MASTOLOGY DEPARTMENT - ANGEL H ROFFO INSTITUT)

PREFERENCE OF THE PATIENT

RELATIONSHIP, MAMMARY VOLUME / TUMOR VOLUME

LOCATION OF NEOPLASIA

CENTRAL TUMOR LOCATION IN TIME 12 LOCATION IN TIME 6 LATERAL OR MEDIUM TUMORS

A. GRISOTTI TECHNIQUE 

SIMPLE CLOSURE

“T” MASTOPLASTY

TOBACCO BAG CLOSURE

MASTOP. WITH NEOAREOLA

ROUND BLOCK

LOCAL FLAP

MASTOPEXY INFERIOR PED

SUP. PEDICLE MASTOPEXY

THORACOEPIGASTRIC FLAP

ROTARY MAMMARY FLAP

DERMOGLANDULAR FLAP

MASTOPEXY SUPERIOR / INFERIOR PED. 

MC KISSOCK TECHNIQUE 

THORACOEPIGASTRIC FLAP

THORACODORSAL FLAP

LATISSIMUS DORSI FLAP

MASTOPEXY WITH NEOAREOLA IMMEDIATE LIPOFILLING

IMMEDIATE LIPOFILLING IMMEDIATE LIPOFILLING

Fig. 34.2 Algorithm that we currently use in the Department of Mastology, Institute of Oncology Ángel H. Roffo, to avoid the sequelae of con-
servative treatment of breast cancer

Fig. 34.3 Cuadrantectomy and immediate breast reconstruction with lipofilling in the right breast. Fat injection with a curved Khouri needle in 
the tissue surrounding the resection and posterior glandular modeling. Final results (Biazus technique) [11]
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informatic models have been designed (3dMD, BAT 
Software) to systemize this evaluation and improve the 
planning of reconstruction [16, 17]. A number of classifica-
tions have been proposed with the intention to evaluate the 
defects and plan corrections as shown in Table 34.1. In all of 
them, there is generally coincidence in the evaluation of 
minor sequelae (type I or II), involving only asymmetries 
without or with minimal changes in the shape of the treated 
breast, except for Berrino’s classification [18], which added 
the displacement of the nipple–areola complex (Fig. 34.4). 
Most of the “problematic” patients present with major 
sequelae that range from moderate deformities to severe 
sequelae with sclerosis of the whole breast that even some-
times needs mastectomy. For these sequelae the classifica-
tions are confusing, and the indications for corrections range 

between simple treatments such as lipofilling and mastecto-
mies with immediate reconstruction with microsurgical or 
pedicled flaps associated or not associated with prosthetic 
material [10, 18, 19].

34.3  Timing of Reconstruction 
of the Partial Mastectomy Defect:  
Our Experience

In our institutional experience after using the classifications 
mentioned previously for some years, we tried to simplify 
the evaluation of the sequelae and systemize the reconstruc-
tion techniques by employing a more functional concept 
related to each particular patient.

Table 34.1 Cosmetic sequelae after conservative treatment for breast cancer: classification

Berrino P-1987 [17] Clough K-1998 [18] Fitoussi A-2010 [10]
Type I Malposition and distortion of the NAC and 

is mainly due to postoperative fibrosis and 
scar contracture

Asymmetrical breasts with no deformity 
of the treated breast

Low ipsilateral deformity does not affect 
shape or volume of the breast

Type II IIa. Localized tissue insufficiency is 
observed, which may be due to skin 
deficiency
IIb. Subcutaneous tissue deficiency
IIab. Both

Deformity of the treated breast, 
compatible with partial reconstruction 
and breast conservation

Good shape and sufficient volume but with 
obvious asymmetry in relation to the 
contralateral healthy breast

Type III Deformity is characterized by breast 
retraction and shrinkage and is mainly due 
to the effects of radiotherapy on residual 
breast parenchyma

Major deformity of the breast, requires 
mastectomy

Asymmetry does not maintain the shape 
and volume, frequent dislocation of the 
NAC

Type IV Severe radiation- induced damage to the 
skin, nipple–areola complex, and 
subcutaneous and glandular tissues are 
present

– Greater deformity, lack native tissue, 
scarring, and radiation effects

Type V – – Severe deformity of both surgery and 
radiation therapy prior, where the breast is 
too small and/or completely sclerosed

a db c

Fig. 34.4 Cosmetic sequelae after conservative treatment for breast 
cancer: classification. Left: asymmetry without deformity (Type I 
Clough–I–II Fitoussi). Center left: asymmetry with moderate deformity 
and mild dislocation of the nipple–areola complex (Types I–II Berrino, 
II Clough, III Fitoussi). Center right: breast deformity and asymmetry 

as well as of the nipple–areola complex (Type III Berrino, Clough–IV 
Fitoussi). Right: fibrosis and severe actinic sclerosis with severe disap-
pearance of the nipple–areola complex (Type IV Berrino, III, Clough–V 
Fitoussi)
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We analyzed the following parameters: age, biotype, 
time between the first medical consultation and the surgery 
and primary radiotherapy, grade of complexity of the 
sequelae, previous reconstruction intents, and presence of a 
prosthesis in the previously irradiated breast. Generally, in 
relation to all these parameters, we waited for a least 1 year 
after radiotherapy had finished before recommending 
reconstruction, with the condition that the breast was stable 
and did not show signs of edema or radiodermatitis, and 
that physical  examination and imaging (mammography, 
ultrasonography, MRI) confirmed the absence of local 
recurrences.

We divided the patients in two large groups based on the 
type of sequelae and also the complexity of the reconstruc-
tion technique needed for each particular patient: group A 
had minor defects and group B had major defects.

In group A we included the sequelae that did not compro-
mise or only produced a mild change in the shape of the 
breast, with or without asymmetry of the nipple–areola com-
plex or the breast. We divided this group into three 
subgroups:

 1. Breast asymmetry without alteration of the shape of the 
breast that had been operated on.

 2. Minor sequelae in the breast that had been operated on 
without asymmetry of the nipple–areola complex, with or 
without associated breast asymmetry.

 3. Minor sequelae in the breast that had been operated on 
with asymmetry of the nipple–areola complex, associated 
or not associated with breast asymmetry.

In group B we included the sequelae that compromised 
moderately or severely the breast’s shape with asymmetry of 
the nipple–areola complex. In this group we also added the 
damage produced by severe actinic sclerosis and fibrosis and 
a special subgroup that corresponds to patients with prior 
reconstruction attempts with unsatisfactory results, who gen-
erally have implants and ask for a second procedure. We can 
divide this group into three subgroups:

 1. Moderate or severe sequelae in the shape and volume of 
the treated breast without or with moderate actinic 
damage

 2. Moderate or severe sequelae in the shape and volume of 
the breast that has been operated on without or with mod-
erate actinic damage and a previous reconstruction 
attempt with or without implants

 3. Severe actinic damage with loss of the shape and altera-
tion of the volume of the treated breast. Marked sclerosis 
and fibrosis

It is important to explain that in both groups the cause of 
breast asymmetry can be due to several factors related not 
only to the primary treatment but also to the biotype of the 
patient, changes in body weight, adjuvant oncological treat-
ments, age, etc. (Table 34.2).

Analyzing the patients according to this classification, we 
used a treatment algorithm to choose the most suitable surgi-
cal technique (Tables 34.3 and 34.4).

The indication for the surgical technique depends not 
only on the algorithm but is also influenced by the surgeon’s 
experience and the opinion of the patient if there is more than 
one possibility, always preferring the least aggressive one 
and evaluating quality of life [20].

Another interesting point is how this algorithm has 
changed in recent years according to the publication and 
application of new surgical techniques. Below, when we 
describe the different procedures we used, we will see, for 
example, the influence of lipofilling in minimizing the proce-
dure’s aggressiveness, optimizing results, and diminishing 
the rate of complications.

34.4  Reconstruction Techniques 
for the Partial Mastectomy Defect

Breast reconstruction has evolved in some aspects in recent 
years, and the description of new techniques with the 
optimization of results was accompanied by the priority 
given to diminish morbidity and to offer procedures that not 
only have good result but also have fewer sequelae and allow 
patients to return early to normal activity.

Following the proposed algorithm and highlighting this 
evolution, we have an interesting number of techniques to 
use depending on the complexity of the patient’s defects, 
background, and wishes, previous morbidity, potential of 
the reconstructive procedure, and implications for the qual-
ity of life.

Numerous publications [1, 3, 4] described local, myocu-
taneous or microsurgical flaps, prosthesis implantation, etc., 
to correct these defects, and established guidelines that were 
applicable for years, but they always emphasized the com-
plexity, unpredictable results, and higher complication rate 
of these procedures compared with immediate reconstruc-
tion after conservative treatment.

In our experience, we went through different phases, and 
it is our intention to describe subsequently the techniques we 
can use presently, in which cases to apply them according to 
the algorithm we employed and the results and to mention 
complications and how they changed in relation to the 
 different indications.
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Table 34.2 Cosmetic sequelae after conservative treatment for breast cancer: IAR functional classification (IARfc)

a-Defectos menores b-Defectos mayores Ejemplo
a-I Breast asymmetry without alteration of the shape 

of the operated breast
–

a-II Mild sequelae in the shape of the breast operated 
without asymmetry of the NAC. They can be 
associated or not associated with breast 
asymmetry

–

a-III Mild sequelae in the shape of the breast operated 
with asymmetry of the NAC. They can be 
associated or not associated with breast 
asymmetry

–

b-I – Moderate or severe sequelae in the shape and 
volume of the treated breast without or with 
moderate actinic sequelae

b-II – Moderate or severe sequelae in the shape and 
volume of the treated breast without or with 
moderate actinic damage with a previous 
attempt at reconstruction with or without 
implant insertion

b-III – Severe actinic sequelae with loss of the shape 
and marked alteration in the volume of the 
treated breast. Marked sclerosis and fibrosis

E. G. González



439

a-I

a-II

a-III

Unilateral or Bilateral
Breast Reduction or

Mastopexy  

Fat Grafting (Lipofilling)
in the treated breast 

Fat Grafting (Lipofilling) 
in the treated breast

Bilateral Breast
Reduction or Mastopexy 

Ptotic or hypertrophic
breasts 

No Ptotic or
hypertrophic breasts 

Ptotic or
hypertrophic
breasts with
asymmetry   

Ptotic or
hypertrophic

breasts without
asymmetry   

No Ptotic or
hypertrophic

breasts   

No Breast skin
scar in “T”
pattern  

Fat Grafting (Lipofilling)
in the treated breast +

Unilateral Breast
Reduction  

Ptotic or
hypertrophic
breasts with
asymmetry  

Ptotic or
hypertrophic

breasts without
asymmetry   

No Ptotic or
hypertrophic

breasts   

Fat Grafting (Lipofilling)
in the treated breast +

Unilateral Breast
Reduction with or without

NAC symmetrization

Bilateral Breast
Reduction or Mastopexy 

Fat Grafting (Lipofilling)
in the treated breast with

or without NAC
symmetrization    

Breast skin
scar in “T”
pattern  

Table 34.3 Cosmetic sequelae after conservative treatment for breast cancer

Management algorithm for repair of partial mastectomy defects. Minor defects. NAC nipple–areola complex
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b-I

b-II

b-III

Latissimus Dorsi Flap or
Local flaps 

Fat Grafting (Lipofilling)
in the treated breast with

or without external
expansion (Brava

System)     

See b-I

Ptotic or hypertrophic 
breasts

No Ptotic or
hypertrophic breasts 

Primary BR
with implants

Primary BR
without implants

Latissimus Dorsi Flap+
Expander or prosthesis +
Breast reduction or pexia
in the opposite breast    

Ptotic or
hypertrophic
breasts with
asymmetry  

No Ptoticor
hypertrophic

breasts 

Mastectomy +
Tram/DIEP/Extended

Latissimus Dorsi Flap +/-
Breast reduction in the

opposite breast   

Tram/DIEP/Extended
Latissimus Dorsi Flap +/-
Breast reduction or pexia
in the opposite breast  

Fat Grafting (Lipofilling)
with or without external

expansion (Brava
System)+ Breast

reduction in the opposite
breast     

Latissimus Dorsi Flap or
Local flaps + Breast

reduction in the opposite
breast   

Table 34.4 Cosmetic sequelae after conservative treatment for breast cancer

Management algorithm for repair of partial mastectomy defects. Major defects
BR breast reconstruction, DIEP deep inferior epigastric perforator, Tram transverse rectus abdominis myocutaneous
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34.5  Reduction or Pexia  
of the Opposite Breast

In selected cases when only breast asymmetry occurs, and 
the breast with conservative treatment and radiotherapy has a 
good cosmetic structure without breast shape alterations or 
malposition of the nipple–areola complex, we generally indi-
cate correction of the opposite breast with mastopexy or 
reduction mastoplasty and good results (Fig. 34.5).

34.6  Mastopexy or Reduction Mastoplasty 
with Repositioning of the Nipple–
Areola Complex

We use reduction or pexia techniques in cases of breast 
asymmetry in ptotic or hypertrophic breasts without shape 
alterations in the breast operated on or with minimal altera-
tions with or without asymmetry in the nipple–areola com-
plex (IAR functional classification, IARfc, a-I–II–III).

This technique should be avoided in patients with moderate 
or severe radiodystrophy or when the scar from the previous 
surgery can change the design, diminishing the safety of the 

vitality of the pexia or reduction flaps. Previous radiotherapy 
produces capillary fragility and fibrosis in the tissues, increasing 
complication rates, interfering with wound healing, and worsen-
ing the final aesthetic result. In cases of moderate or severe 
actinic damage, we can use lipofilling and omit reduction.

The technique chosen depends on the breast volume and 
shape and previous scars. The site of the incisions is chosen 
not only taking into account the cosmetic result but also in the 
attempt to reduce further complications. They can be designed 
in a “T” pattern, vertically or periareolar, always taking care 
of the vascularization of the skin and subcutaneous tissue 
flaps. We generally manage the gland pedicles that irrigate the 
nipple–areola complex according to the concept of “zone des-
ignations” proposed by Kronowitz et al. [21] (Fig. 34.6).

34.7  Fat Grafting (Lipofilling)

Lipofilling is a centennial practice indicated for defect cor-
rection. Certain qualities of the fat, such as its easy acquisi-
tion, constant availability, and interminability, made its use 
very important in plastic and reconstructive surgery as a pri-
mary procedure or in combination with other methods.

Fig. 34.5 Cosmetic sequelae after conservative treatment for breast cancer in the upper quadrants of the left breast. Breast asymmetry. Only cor-
rection with breast reduction of the opposite breast. Final result

Fig. 34.6 Cosmetic sequelae after BCT in a patient with a tumor in the 
lower lateral quadrant of the left breast. Mild radiodermatitis without 
clinical manifestation. Breast hypertrophy and asymmetry and mild 

asymmetry of the nipple–areola complex. (IARfc: a-III). Breast reduc-
tion with an inverted “T” nurtured by an inferior pedicle
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After lipofilling had been forbidden in 1987 by the 
American Society of Plastic and Reconstructive Surgery 
(ASPS) because of the radiological consequences and the 
possibility of interfering in the mammographic diagnosis of 
breast cancer [22], in 2007 Rigotti et al. [23] published their 
experience with and described the regenerative power of 
“adipose-derived stem cells” in the reconstruction of the 
damage produced by conservative treatment and irradiation 
of the breast because of their “proangiogenic ability” in a 
territory with a “chronic ischemic status” secondary to 
radiotherapy.

Owing to the lack of publications and because the proce-
dure was not standardized after the new publications, the 
ASPS created a work group in 2007 (ASPS Fat Graft Task 
Force) [24] to evaluate the safety and efficacy of autologous 
fat grafts in the breast and to establish recommendations for 
future investigations. In relation to conservative treatment 
and follow-up, they stated that there would not be any diffi-
culty because the microcalcifications that are seen afterward 
are generally of benign character in 5% of cases.

On the basis of a limited number of studies with a small 
number of patients, there seemed to be no interference in 
breast cancer detection. The oncological safety was also 
evaluated by the ASPS Fat Graft Task Force, and in 2009 it 
concluded that until that time there had been no reports indi-
cating an increase in the risk of disease recurrence associated 
with autotransplantation of fat tissue. Nevertheless, it con-
cluded that more studies are necessary to confirm these pre-
liminary considerations [24].

To repair severe damage from conservative treatment, in 
some situations we have to provoke an external stretching 
and suctioning of the skin, producing in this way a neovascu-
larization and favoring fat injection, maintaining its vitality 
and allowing its regeneration. This is achieved by means of 
an external tissue expander (Brava system) described by 
Khouri [25], which is placed for approximately 10 h a day 
for long periods of time between lipofilling sessions.

Lipofilling is indicated nowadays for most of the minor 
sequelae of conservative treatment (IARfc a-I–II–III) and in 
most of the cases probably should be the first option, espe-
cially in patients with small- or medium-sized breasts with-
out or with little ptosis. This indication is because it is an 
outpatient treatment, minimally invasive, easy to perform, 
and has good results and a low rate of complications.

In cases of major damage, its indication is limited to some 
cases of IARfc b-I group patients with a small breast volume 
or patients who accept various procedures including the use 
of the Brava system to avoid reconstruction with 
myocutaneous flaps (CLD, transverse rectus abdominis 
myocutaneous flap, etc.). Lipofilling has no local 
contraindications and only has the disadvantage that more 
than one procedure might be necessary to achieve in some 
situations an optimal result, with intervals of approximately 

3 months between each fat application. It is not recommended 
to indicate lipofilling when there is high risk of 
thromboembolism (contraindication of liposuction) or loss 
of fat tissue at the donor sites.

It is clear that it is important to choose the right areas to 
obtain the fat, with an adequate amount of fat tissue according 
to the preference of the surgeon and the patient.

The commonest sites are the abdomen, flanks, and hips. 
The liposuction, after injection of Klein’s solution, is 
performed with 2–4-mm cannulas to allow a major 
recollection of adipocytes without damaging neurovascular 
structures. There must be delicate manipulation to avoid 
negative pressure and minimal exposure to air. The ideal 
processing of the fat is the one that can separate the blood 
cells, the infiltrated fluids, the oil, and the adipocytes with 
the least trauma possible. The major consensus is to 
centrifuge the sample at 3000  rpm for 1–3  min [23] or 
manual centrifugation with a low number of revolutions per 
minute [25]. It is essential to optimize the results and avoid 
oil cysts and to prepare the graft receptor site with 
transcutaneous punctures made with 14G needles 
(rigottomies) leaving the surgical bed like a honeycomb [23]. 
The injection of fat tissue is probably the most critical point 
to obtain good and enduring results with this technique, 
without increasing the rates of fat necrosis and complications. 
The fat grafts are nurtured by plasmatic soaking up to 1.5 mm 
from the edge of the graft. We use a curved duck-billed 
cannula with only one anterior opening (Khouri) and syringes 
of 5 and 10 mL, according to the defect we are going to 
correct, and we make a retrograde infiltration in various 
lineal directions without leaving empty cavities. It is 
important not to overcorrect defects and not forget that the 
best results are obtained with more than one procedure [23]. 
Some cases of breast reconstruction with lipofilling are 
shown in Figs. 34.7, 34.8, 34.9, 34.10, 34.11, and 34.12.

34.8  Fasciocutaneous Flaps

These are skin–fat flaps that vascularize through a superficial 
pedicle (regional perforating vessels). They only have lim-
ited indications. Presently the most used fasciocutaneous 
flaps are the thoracoepigastric and thoracodorsal flaps. We 
use them in particular situations when there is no possibility 
to use other techniques in the lower and lateral quadrants 
(Fig. 34.13).

34.9  Latissimus Dorsi Myocutaneous Flap

The latissimus dorsi myocutaneous flap is a noble, safe, and 
easy-to-harvest flap which allows, in general, repair of 
defects in the thoracic wall and breast. It consists of the 
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Fig. 34.7 Cosmetic sequelae after BCT in a patient with a tumor in the 
upper and medial quadrant of the right breast. Loss of volume with skin 
retraction and marked asymmetry (IARfc: a-II). Results after two 

procedures of lipofilling with correction of the defect and additional 
breast augmentation (60 and 120 g)

Fig. 34.8 Cosmetic sequelae after BCT in a patient with a tumor in the 
inferior quadrants of the left breast. Marked loss of volume with skin 
retraction and without asymmetry (IARfc: b-I). Abdominal donor site. 
Results 2 years after one lipofilling with correction of the defect (110 g). 

Preoperative and postoperative mammography, showing 2 years after 
the breast volume augmentation procedure without radiological 
consequences
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Fig. 34.9 Cosmetic sequelae after BCT in a patient with a tumor in the 
upper quadrants of the right breast. Small asymmetry. Marked loss of 
volume with skin retraction (IARfc: a-II). Abdominal donor site. 

Results 2 years after one lipofilling with correction of the defect (150 g) 
in the right breast and lipofilling in the opposite breast

Fig. 34.10 Cosmetic sequelae after BCT in a patient with a tumor in 
the lower quadrants of the right breast. Sequel of form with marked 
asymmetry. Marked loss of volume with skin retraction and asymmetry 
of the NAC (IARfc: b-I). Design of the entry spots and directions of the 

fat injection. Rigottomies. Result after two procedures of lipofilling 
with correction of the defect (130 and 150 g, respectively) and good 
cosmetic result before to the correction of symmetry
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transposition of the whole or part of the latissimus dorsi 
muscle to the anterior thoracic wall, with a skin and subcuta-
neous tissue paddle of adequate dimensions to repair the 
defect. It has some disadvantages: it does not generally give 
sufficient volume to the reconstructed breast in cases of total 
breast reconstruction or in cases of huge defects requiring in 

some cases the association with a prosthesis or expanders, it 
leaves a scar in the back, and it generally needs intraopera-
tive exploration to ensure the integrity of the thoracodorsal 
pedicle.

This flap is useful to correct the damage produced by 
breast conservative treatment in any part of the breast. 

Fig. 34.11 Lipofilling surgical technique. Cosmetic sequelae after BCT 
in a patient who presented with a tumor in h12 of the right breast. Marked 
loss of volume with severe skin retraction and asymmetry, elevation of 
the inframammary fold, an old indication for a latissimus dorsi flap 
(IARfc b-I). Design of the entry sites and directions of fat injection. 
Abdominal donor site. Lipofilling surgical technique. Obtaining the fat 

with liposuction with a low-pressure pump. Manual centrifugation show-
ing the aspirated liquid, fat, and oil. “Rigottomies.” Retrograde fat injec-
tion with a curved Khouri needle. Lipofilling surgical technique. Final 
result after two procedures (150 and 200 g, respectively) and reduction of 
the opposite breast. Postoperative mammography showing the volume 
augmentation without radiological consequences. Final results
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Fig. 34.12 Lipofilling surgical technique + Brava system. Severe cos-
metic sequelae after BCT in a patient that presented a tumor in the lower 
and medial quadrant of the left breast and various intents of reconstruc-
tion without prosthesis. Marked volume loss with severe skin retraction 
and moderate asymmetry, old indication for latissimus dorsi flap (IARfc: 
b-II). Design of the entry spots and direction for fat injection. Abdominal 
donor site. Lipofilling surgical technique  +  Brava system. External 

expander and his placement, producing vacuum and expansion. Control 
with MRI previously and after expansion, evaluating the increase in vol-
ume and breast vascularization. Lipofilling surgical technique + Brava 
system. “Rigottomies” preparing the surgical bed for the fat graft. Fat 
centrifugation. Final result after three procedures (130 g, 120 g, and 
110 g, respectively) with good shape and symmetry
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Presently, we use it only in patients with severe damage or 
when this damage cannot be repaired with minor procedures 
(lipofilling) (IARfc b-I–II–III). It can be associated with 
expanders or prosthesis if the flap alone is not sufficient to 
repair the volume of the defect. Its indication in minor 

sequelae is actually being revised since the implementation 
of lipofilling techniques (Figs. 34.14, 34.15, and 34.16).

The surgical technique for this flap is well known, and in 
this chapter we will only detail some important steps for the 
correction of partial defects. We can synthesize them into:

Fig. 34.13 Thoracoepigastric flap. Cosmetic sequelae after BCT in a patient that presented a tumor in the lower and medial quadrant of the left 
breast. Loss of volume, skin retraction, and moderate asymmetry (IARfc: a-II). Final result

Fig. 34.14 Latissimus dorsi extended flap (fat tissue and muscle). 
Cosmetic sequelae after BCT in a patient that presented a tumor in the 
lateral quadrants of the left breast. Marked loss of volume with severe 
skin retraction and asymmetry of the breast and nipple–areola complex 

(IARfc: b-I). Design of the paddle that was deepithelized conserving 
only a small periareolar skin paddle to monitor the vitality of the flap. 
Final result
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• Detailed design of the paddle in the back to cover the 
defect, analyzing if the flap is going to be enough (skin, 
fat tissue, and muscle) [26] or if a prosthesis or an 
expander is necessary. In some particular situations, it is 
only necessary to harvest a muscular flap to repair volume 
defects without need for a skin paddle (miniflap).

• Evaluation of the integrity of the thoracodorsal pedicle 
before harvesting the flap to avoid complications second-
ary to damage to it caused by primary surgery or actinic 
sclerosis.

• Careful modeling of the paddle to optimize the final 
result.

Fig. 34.15 Latissimus dorsi flap + definitive expander. Cosmetic 
sequelae after BCT in a patient that presented a tumor in the lateral 
quadrants of the left breast. Marked loss of volume with severe skin 
retraction and asymmetry of the breast and nipple–areola complex 

(IARfc: b-II). Design of the paddle that is going to replace the skin 
defect and addition of a definitive expander to gain volume and give a 
shape to the breast. Breast reduction of the opposite breast. Final result

Fig. 34.16 Latissimus dorsi flap + prosthesis. Cosmetic sequelae after 
BCT in a patient that presented a tumor in the central region of the left 
breast and underwent an intent of reconstruction with prosthesis and 
augmentation of the other breast. Loss of volume with severe actinic 

sclerosis, skin retraction, and asymmetry of the breast and nipple–
areola complex (IARfc: b-II). Resection of the patch of necrosis and 
replacement with a latissimus dorsi flap and definitive prosthesis. Final 
result
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34.10  Transverse Rectus Abdominis 
Myocutaneous Flap and Its Variants

Exceptionally, the transverse rectus abdominis myocutaneous 
flap and its variants are indicated to repair partial defects. In 
particular situations, in patients with severe defects with 
actinic sclerosis with or without suspicion of local recurrence 
and indication of mastectomy, this technique is indicated 
because of its advantage of giving a good shape and volume to 
the reconstructed breast and a better chance of symmetry [27] 
(Fig. 34.17).

34.11  Prosthesis

When we add a silicone prosthesis, in addition to the damage 
produced by conservative treatment, the high rate of severe 
capsule contractures and other complications produced is 
well known. This, despite changes in radiation treatments in 
relation to the new techniques that improve the homogeneity 
of the dose and reduce skin and gland damage, still leaves an 
interrogation in the indication of this technique to correct 

this damage. Probably, in individual cases with good skin 
quality and minor sequelae without asymmetries, its use 
could be indicated exceptionally (Fig. 34.18).

34.12  Complications

The complications are coincident with the description in 
numerous publications that report a higher complication rate 
in deferred breast reconstruction compared with immediate 
procedures after conservative treatment. These high compli-
cation rates (between 40 and 60%) are probably a conse-
quence of the secondary changes produced by radiotherapy 
(scar retraction, radiodermatitis, and fibrosis), which make 
the procedures difficult and interfere with the cosmetic 
results [21–29] (Fig.  34.19). In our experience [28], we 
observed coincidently a high complication rate, around 60%. 
This rate represents a significant reduction in the last 5 years 
as a consequence of a change in the surgical technique cho-
sen, with an increased number of patients reconstructed with 
lipofilling, a procedure that has lower morbidity than the 
conventional techniques [30].

Fig. 34.17 Pediculated TRAM flap. Cosmetic sequelae after BCT in a 
patient that had a tumor in the upper and lateral quadrant of the left 
breast. Loss of volume with moderate actinic sclerosis, skin retraction, 

and asymmetry of the breast and nipple–areola complex (IARfc: b-I). 
Resection of the area with sclerosis and fibrosis and the nipple–areola 
complex and replacement with a TRAM flap. Final result
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Fig. 34.18 Breast reconstruction with prosthesis. Cosmetic sequelae 
after BCT in a patient that presented a tumor in the upper and lateral 
quadrant of the right breast. Small loss of volume with mild actinic 

sclerosis (IARfc: a-II). Bilateral augmentation mastoplasty with 
prosthesis. Final result with good correction of the defect in shape and 
asymmetry

Fig. 34.19 Complications. Above: cosmetic sequelae after BCT in the 
left breast, reconstructed with augmentation mastoplasty. Spontaneous 
and late prosthesis extrusion. Below: cosmetic sequelae after BCT in 

the right breast, reconstructed with reduction mastoplasty. Infection and 
skin necrosis

E. G. González
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34.13  Conclusions

Oncoplastic surgery was incorporated into primary treatment 
of breast cancer to prevent the damaging consequences of 
this treatment and produce important aesthetic and psycho-
logical benefits without altering oncological safety. In con-
servative treatment, despite the existing multiple 
reconstructive techniques to prevent sequelae, there are still 
a number of patients who for different reasons have unsatis-
factory results magnified by the effects of radiotherapy. 
Traditionally, aggressive techniques with high complication 
rates (autologous tissue, prosthesis) and unstable results 
were employed for the reconstruction of these defects. 
However, in recent years the introduction of lipofilling has 
opened up a new and promising stage, achieving in many 
cases highly satisfactory and stable results, with lower 
morbidity.
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History and Development  
of Breast Implants
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35.1  Introduction

The first breast implants were created by Cronin [1] in 1962, 
and after that there was a big evolution in them. The initial 
concern was to find a biocompatible sort of material: prop-
erly tolerated by the body and also inert. In 1958, Scales [2] 
proposed a review of the criteria needed for implant consid-
ering biocompatibility:

 – No chemical activity
 – No physical transformations when in contact with the 

body
 – No stimulus to inflammatory reactions or foreign 

material
 – Not being carcinogenic
 – Able to stand mechanical forces
 – Easy to produce at considerable low cost
 – Able to be sterilized

At first, liquid silicone showed these characteristics and 
started to be used for aesthetical purposes through injections. 
Such a practice was subsequently abandoned when it was 
verified that liquid silicon particles could migrate towards 
regional lymph nodes and then to other organs such as the 
lungs and the liver [3, 4].

The first concern of silicone manufacturers was to make 
an implant with an envelope that could prevent the migration 

of silicon particles and simultaneously that this envelope was 
not excessively thick in order to keep a more natural consis-
tency of the reconstructed breast. The problem found with 
this first generation of implants was the durability of the 
envelope as there was a waste of the envelope after some 
time of use resulting in rupture and spread of the silicone gel. 
This event contributed to a decision of the FDA to prohibit 
the use of silicone gel breast implants in 1992 [5], as in the 
United States and also all over the world, there was a huge 
increase in the use of implants with silicone gel, and patients 
did not control the integrity of the implants and were not 
informed as to the need to replace the implants in case of a 
possible rupture. From then on, there was a new evolution of 
materials, with the reintroduction of implants containing a 
physiological solution, eliminating the use of silicone gel. 
The ulterior problem of these implants with saline contents is 
the high level of deflation, due to technical problems inher-
ent to the valve.

The next challenge was to fight against the periprosthetic 
capsule, which was one of the most frequent complicators of 
breast implants. A change in the position of the implants 
from the subcutaneous space to the retropectoral space con-
tributed to an important reduction of the periprosthetic cap-
sule phenomenon. The introduction of implants covered with 
a coat of polyurethane contributed to the reduction of the 
capsular contracture, but the use of these implants was pro-
hibited by the FDA, as it was proved in experimental studies 
that the degradation of polyurethane produced a substance 
that is potentially carcinogen for bladder tumours [6]. This 
originated the development of implants with external texture, 
which could have the same effect of the polyurethane in the 
reduction of periprosthetic capsules, even though some ran-
domized studies comparing implants with smooth envelope 
and those with textured envelope did not present a significant 
reduction in the level of capsular contracture [7]. A new gen-
eration of a more cohesive silicone gel, allowing for the pro-
duction of form-stable implants with anatomic shapes, are 
improving the aesthetic results of breast cancer reconstruc-
tion (Table 35.1).
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35.2  Types of Implants

There are various types of breast implants that vary accord-
ing to the characteristics of the material or indication of use:

 – Smooth, textured, polyurethane and micro-textured in 
titanium envelopes

 – Filled with saline solution, regular or cohesive silicone 
gel, mixed gel and other nonhomologous substances 
(soybean oil, peanut oil, hydrogel, etc.)

 – Round and anatomic shapes or differentiated shapes
 – Fixed or variable volume

35.2.1  Saline Implants

These implants are made with a silicone envelope and a valve 
that allows for the insertion of the physiological solution during 
the operatory procedure. The envelope may be either smooth or 
textured. The envelope shows good elasticity, therefore pro-
moting a small variation in the volume of saline solution to be 
inserted in order to obtain better volumetric symmetry with the 
opposite breast. It is recommendable that 10–20% of the vol-
ume recommended by the implant manufacturer be exceeded, 
so a better distension of the envelope is obtained aiming to 
avoid implant folds. These folds could, after some time, cause 
a rupture or even an ulcer opening with prosthesis extrusion, 
especially in cases of thin and irradiated coetaneous coating. 
The shape might be round and anatomic, considering that there 
is a bigger difficulty in keeping the anatomic shape when 
inserting the saline solution, as the implant does not have the 
same consistency of cohesive gel. The valve may be anterior or 
posterior, according to the technique with small incisions 
allowing for the insertion of the completely empty implant and 
subsequently the insertion of the physiological solution.

Technically, it would be simpler to use implants with 
anterior valves if the incision is periareolar and posterior 
valves for axillary incision cases. The valve is one of the 
critical points of saline implants, as a small production defect 
may originate a partial or total leakage of the physiological 
solution. Usually this leakage does not cause any pathologi-
cal damage to the patient, as it is a physiological solution, so 
it is reabsorbed by the organism. The biggest problem is aes-
thetic, with a reduction of volume and the need for a new 
surgery to replace the implant (Fig. 35.1). Some studies have 
reported different levels of leakage or disruption of saline 
implants. A French group has demonstrated a level of 15% of 
leakage in 650 patients with average follow up of 5 years [8].

35.2.2  Silicone Gel Implants

These implants have a fixed volume, made up of an envelope 
of silicone gel. Currently the thickness of the envelope is 
more carefully considered so it can get more resistant and 
also avoid the “perspiration” of silicone gel particles. 
Silicone gel is elastomeric, and its viscosity depends on 
molecular mass, so nowadays it is possible to manufacture a 
more cohesive gel. This kind of gel is used in the making of 
anatomical implants, which need to be slightly more rigid in 
order to keep the anatomical shape. The anatomical implants 
with cohesive gel were a great advance to improve the 
aesthetic results in breast reconstruction, as it is possible to 
achieve a better shape with less projection of the upper pole 
of the breast.

By using these implants, it is possible to refine a techni-
cal point in immediate breast reconstruction: when it is 
possible to place the mastectomy scar completely on the 
pectoralis major and the mastectomy flaps are thick and 
well vascularised, it is possible to make a partial cover of 
the implant, using only the pectoralis major muscle. This 
technical element contributes to a better aesthetic result, 
with more projection of the lower pole of the breast, differ-
ently from what happened when a round prosthesis com-
pletely covered by the pectoralis major and the serratus 
anterior muscle [9] were used, frequently obtaining a 

Table 35.1 Evolution of breast implants

1962: Implants in silicone gel Sialastic® type—first generation
1965: Implants in saline solution Simaplast type
1975: Implants in silicone gel “low bleed”—second generation
1976: Implants with double chamber
1976: Anatomic implants
1986: Implants coated in polyurethane
1988: Implants with textured surface
1990: Implants with hydrogel
1992: Prohibition by the FDA of use of silicone gel implants
1993: Implants with Trilucent lipid
1995: Anatomic implants in cohesive silicone gel—third generation
1997: Breast Implant Associated Anaplastic Large Cell Lymphoma
2002: Anatomic implants in silicone gel with differentiated shapes 
(right and left)
2003: Implants coated in a titanium microstructure
2011: PIP and Rofill implant crises

Fig. 35.1 Round prostheses: physiological solution (with a valve for 
filling) and prosthesis in silicone gel
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round, less natural shape. Another advantage of this type of 
gel could be patient’s security. By reducing the perspiration 
phenomenon of the particles and by being more cohesive, 
this gel may also reduce the migration for the lymph nodes, 
even in cases of disruption of implants. The main advan-
tage of anatomical implants is the possibility to choose dif-
ferent shapes and volumes, as some manufacturers make up 
different models of implants that vary according to three 
parameters: height, width of base, and anterior projection. 
This makes it easier for the ideal choice of implants accord-
ing to the different morphological characteristics of the 
patient (Fig. 35.2). Other manufacturers propose innovative 
features such as designed and moulded prostheses for the 
right breast or for the left breast and with a concave poste-
rior wall for a better adaptation of the thoracic wall convex-
ity. Although this was an interesting idea, this manufacturer 
went to a crisis in 2011 due to suspicion of the use of indus-
trial (nonmedical and non-approved to use in humans) sili-
con in their implants [10].

The disadvantages of anatomical implants with cohesive 
gel are:

 – Harder consistency of the reconstructed breast, which can 
be taken for a periprosthetic capsule.

 – The size of skin incision is another inconvenience of ana-
tomical implants when used in cases of mammaplasty for 
aesthetic improvement. Round implants can be inserted 
even through a small periareolar incision, compatible 
with the resistance and elasticity characteristics of the 
material, while the anatomical implants need bigger inci-
sions in the inframammary fold allowing for an insertion 
of the implants free from compression, as even a slight 
compression could deform it.

35.2.3  Double Chambered Implants

These implants are made with an internal coat of silicone gel 
and an external chamber that can be filled with 20–50 cc of 
physiological solution. The initial target of this sort of 
prosthesis was to obtain a more fragile external chamber able 
to reach degradation some 3 or 4 months after implantation, 
therefore reducing implant volume by 20–50  cc when the 
periprosthetic capsule stabilizes. A reduction in the inci-
dence of periprosthetic capsules was not observed, when 
compared with single-chamber implants, so the use of such 
prostheses was discontinued.
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35.2.4  Polyurethane-Coated Implants

These implants are made with an external coat of polyure-
thane, and they are considered more efficient to avoid the 
capsular contracture, when compared with those of smooth 
envelope. The explanation from physics is that the polyure-
thane coat allows for a disorientation in the direction of col-
lagen fibres; the contrary would happen with implants coated 
in smooth envelope [11]. Some publications have demon-
strated that the metabolization of polyurethane originated a 
substance called 2,4- and 2,6-toluene diamine (TDA), which 
could be carcinogenical [6, 12]. Some surgeons keep using 
prostheses coated in polyurethane for aesthetic augmentation 
mammaplasties, though there are no recent publications 
about the incidence of periprosthetic contracture and other 
complications. It is important to know that in case of infec-
tion with a polyurethane prosthesis, the removal of the pros-
thesis with all residue of polyurethane is mandatory, so 
post-operative coetaneous fistulae are avoided.

35.2.5  Titanium Microstructure Implants

These are relatively new implants, launched in the market in 
2003, and they present the following characteristics: internal 
part in silicone gel and external envelope in silicone with a 
titanium microstructure. The aim of this type of implants is 
to result in fewer reactions against foreign bodies and conse-
quently to reduce the incidence of periprosthetic capsules. 
There are no randomized trials comparing the efficiency of 
this sort of implants yet.

35.2.5.1  Definitive Expanders
These implants have a variable volume: they consist of an 
external chamber filled with silicone gel and an internal 
chamber that can be filled with physiological solution up to a 
controllable volume so it can better adapt to the volume of 
the opposite breast. The chamber is placed at the lower 
portion of the implant, and its filling favours the anatomic 
shape of the prosthesis. There is an external valve connecting 
with the internal chamber through a tube approximately 
2 mm large; this device can be removed in some sorts of 
implants (Becker’s prosthesis), or it is not removable in some 
other sorts of prosthesis (Allergan Style 150). The valve can 
be placed in the axillary region and in a more superficial 
position in relation to the skin so that placement is not 
difficult. A parasternal placement causing discomfort to the 
patient is avoided [13]. One of the advantages of this sort of 
implants is the possibility of volume variation, which might 
be useful for an immediate breast reconstruction with fragile 
coetaneous grafts and risk of skin necrosis if a high tension 
is found. In such cases, the implant can be inserted without 
filling of the internal chamber, and correction of the volume 
can be done after 3 or 4  weeks, when vascularization of 

grafts are already stabilized. There is also the possibility of 
small corrections of volume when body weight variations 
occur in the post-operative period due to chemotherapy or 
hormone therapy (Fig. 35.3).

Two disadvantages in the use of this type of implants are:

 1. Patients experience some discomfort by using an axillary 
valve. If the implant being worn has a removable valve, it 
can be removed at the moment of the first operation of 
reconstruction of the areola and the nipple; if the valve 
cannot be removed and the final volume is obtained, plac-
ing the valve behind the implant is possible at the second 
surgery.

 2. The point of insertion of the tube in the implant is rather 
vulnerable. Considering implants in which the tube can 
be removed, there is a risk of significant draining of the 
physiological solution through the protection valve. 
Considering implants in which the tube cannot be 
removed, there is a major mechanical traction in the 
region of the tube insertion that may result in an earlier 
disruption of the implant.

35.2.5.2  Temporary Expanders
These are implants with an envelope of elastic silicone and 
a filling valve that allows for inserting a physiological solu-
tion and, consequently, a postoperative skin distension that 
can help to achieve a breast volume similar to that of the 
contralateral one. A second surgery for substituting the 
expander with the definitive implant is needed. There are 
different models and shapes of expanders: round, anatomic, 
with integrated valves, and with valves at distance. The 
older models have a round shape and a valve at distance, 
connected with the device through a 2 mm-diameter silicone 
tube. The disadvantage of these models is that they produce 
a generalized global distension, with a significant distension 
of the upper pole of the breast and consequently a distension 
of the pectoralis major muscle. Such distension causes some 

Fig. 35.3 Definitive expanders: these are prostheses with a silicone gel 
chamber and a second chamber with physiological solution, where the 
volume can be modified through a small subcutaneous valve. Prosthesis 
filled to a maximum level (left) and prosthesis partially filled by phisi-
ological solution filling (right)
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discomfort to the patient and pain when moving the upper 
limbs, besides resulting in a gain of skin distension of the 
upper pole, while it would be better to achieve skin disten-
sion of the lower pole (Fig. 35.4). Another disadvantage is 
the positioning of the valve usually in the axillary region. It 
may cause pain or discomfort if the valve is too big, or it 
may even cause difficulty for the filling if the valve is rather 
small or the patient is obese. The most frequently used mod-
els are those with various heights, external textured enve-
lope, and valve incorporated in the device. The anatomic 
shape is appropriate for a distension only of the lower pole 
of breast, producing a skin distension that can result in a 
symmetric shape in relation to the opposite breast. It does 
not cause discomfort due to distension of the pectoralis 
major muscle (Fig. 35.5). The various heights of prosthesis 
may help decide for a global expansion only of the lower 
pole, which is usually applied to low-volume breasts. The 
textured envelope may avoid mobility of the prosthesis, and 
according to some authors, it may reduce the incidence of 
periprosthetic capsule formation. The most spread mechani-
cal hypothesis is that textured envelopes produce a hetero-
geneous disposition of the fibroblasts, which reduces the 
tension of the periprosthetic capsule. The valve incorporated 
in the prosthesis represented an evolution that brought  
comfort to patients and also avoided the problems found in 
valves placed at distance or at the axillary area.

Special attention must be given to positioning of the ana-
tomic textured expander with an incorporated valve:

 – Make sure that the expander is placed with the valve on 
the anterior wall of the prosthesis.

 – Make sure that the lower base is placed exactly at the 
infra-mammary fold, as the exact position of the implant 
may favour a minor surgery for change of implant, with-
out the need of capsulotomies or ulterior fixation of the 
infra- mammary fold.

 – Make sure that there is not a fold in the lower portion of 
the expander over the region with low filling, as there is 
risk of perforation of the prosthesis at the moment the 
needle for tilling skin distension is inserted.

 – Try to place the expander horizontally in the thoracic 
region, in order to avoid a bigger distension either medi-
ally or laterally.

Time and frequency of filling the expander depend on the 
healing of coetaneous grafts and the elasticity of tissues. The 
notion that a quick distension is more efficient and less uncom-
fortable to the patients is always valid. The expander must be 
filled intra-operatively without tension of the mastectomy 
graft suture. A bit of methyl blue is added to the physiological 
solution which is injected intra-operatively in order to it make 
easier for proper placement of the postoperative needle.

If the mastectomy flap has good vascularization, we can 
fill the expander with 60  cc physiological solution every 
week until the aimed volume is achieved.

35.3  Controversy About Silicone

It is estimated that millions of women have undergone 
implants of silicone gel implants in the United States over 
the past decades. Controversy about silicone began with the 
suspicion of a relation between silicone and autoimmune 
diseases (rheumatoid arthritis, scleroderma, lupus erythema-
tosus, etc.), neurological diseases [14] or even those that 

Fig. 35.4 Round expanders (not anatomic) produce a distension of the 
upper part of the breast with pain and an unacceptable aesthetic result

Fig. 35.5 Temporary expander with incorporated valve: the magnet 
for external use specifies the exact point for placing the needle in order 
to fill the prosthesis with the physiological solution
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could be carcinogenic. After significant public pressure, the 
FDA (Food and Drug Administration) prohibited the use of 
silicone gel implants [5], except for cases of mammary 
reconstruction or aesthetic mammaplasty for breast augmen-
tation as part of clinical studies. After several countries 
adhered to that, a great number of studies started to be per-
formed aiming to establish this relation.

A review of the literature proposed by the American 
Academy of Neurology [15] excludes the relation between 
implants in silicone gel and neurological diseases. Other major 
epidemiological studies [16–21] concluded that there is not a 
connection between silicone gel and autoimmune diseases. 
And other clinical [22, 23] and epidemiological [24–26] stud-
ies point to an absence in the relation between implants in sili-
cone gel and an increase in the incidence of breast cancer.

Currently, one problem that concerns the FDA the most 
considering the use of silicone gel implants is the diagnosis of 
subclinical rupture of the prosthesis. Such are cases in which 
the implants have an external envelope with no rupture but 
extremely thin, allowing the silicone gel to perspire, or those 
cases in which the envelope disrupts significantly but such a 
disruption is not clinically noticed. Studies by Marotta [27], 
through a meta-analysis of about 10,000 prostheses, have 
shown that the rate of rupture increases with the passing of 
time from the occasion of the implant, and the percentage is 
26% of ruptures at 3.9 years, 47% of ruptures at 10.3 years and 
69% of ruptures at 17.8 years (p < 0.001). Through the litera-
ture, it is known that the breast tests available mammography, 
ultrasonography and magnetic resonance (MRI) show some 
limitations for the diagnosis of rupture. Mammography can 
diagnose a late rupture, when the periprosthetic capsule is 
basically calcified. Ultrasonography has variable sensitivity 
ranging from 47 to 74% and variable specificity between 55 
and 96%. Ultrasonography depends very much on who is 
operating it and demands some time to be learned so one can 
achieve a good evaluation of mammary implants. MRI would 
be the best type of test to diagnose rupture [28], as its variable 
sensitivity ranges from 46 to 100% and the variable specificity 
ranges from 92 to 100%, but it is also a difficult test to be con-
sidered as follow-up due to its high cost and complex perfor-
mance (it cannot be performed in obese patients, claustrophobic 
ones and those holding an artificial pacemaker). Today, we can 
use MRI to perform a hepatic spectroscopy and therefore diag-
nose the migration of silicone particles to the liver, in cases of 
rupture of the breast implant in silicone gel [29, 30]. FDA rec-
ommended to implant manufacturers to do postmarketing 
studies in 2006. Thousands of women enrolled in Mentor and 
Allergan studies to evaluate complications had lost follow-up, 
79% in Mentor’s Study and nearly 40% in Allergan’s Study.

Poly Implant Prosthèse (PIP) crises in 2011 showed the 
fragility of current data on safety of breast implants and the 
need of reliable postmarketing surveillance independent 
studies [30].

35.4  European Institute of Oncology 
Biomechanical Study

Concerned with the problem of subclinical ruptures of sili-
cone gel prostheses, we propose a diagnostic-clinical- 
biomechanical study of prostheses in patients that must 
undergo a replacement of the breast prosthesis in silicone gel 
due to a suspicion of rupture or by aesthetic reasons (asym-
metry, periprosthetic capsule, increase in weight).

Diagnostic stage: all patients should undergo a pre- 
operative MRI to set the level of sensitivity and specificity of 
the method for subclinical rupture, through a blind 
experiment.

Clinical stage: a pre-operative evaluation to spot the level 
of the periprosthetic capsule according to Baker [31] and 
clinical signs of rupture (inflammation of the site or defor-
mity of the prosthesis) must be performed, as well as an 
intra- operative evaluation with a bacteriological test of the 
periprosthetic liquid and a histological test of the peripros-
thetic capsule and the pectoral muscle, which could measure 
the diffusion of silicone gel particles in adjacent tissues 
according to the time of implantation and the conditions of 
the prosthesis.

Biomechanical stage: once the prosthesis is removed, it 
will go through mechanical analyses both static and 
dynamic (integrity of the envelope, resistance to pressure, 
elasticity, etc.) and chemical analyses (viscosity, molecular 
weight, spectroscopy, etc.). Results are compared with the 
initial characteristics of each prosthesis; and in order to 
obtain a commercial authorization, these prostheses must 
have all the initial tests. This stage will allow for an evalu-
ation of the material degradation according to the implanta-
tion timing of each type of prosthesis and of different 
manufacturers.

35.5  Breast Implant Anaplastic Large Cell 
Lymphoma

The first publication in this unique and rare entity was in 
1997. Since then there has been an increase in the number of 
cases, now over 600 reported in the literature, and possibly 
this number is underestimated. There is a probable link 
between the texturization pattern of the breast implant and 
the appearance of this lymphoma. Cochle-Wilkinson et al. in 
Australia and New Zealand reported an implant-specific risk 
of 1 in 3817 with macrotextured implant (Biocell, Allergan), 
1 in 7788 with polyurethane microtextured device (Sientra/
Silimed) and 1 in 60,631 with microtextured implant (Mentor 
Siltex, Mentor Worldwide LLC). The reason for this, proba-
bly is related to larger surface area of the macrotextured 
implant which allows for greater bacterial contamination and 
stronger inflammatory reaction [32]. A recent Dutch popula-
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tion study suggests a risk of 1 ALCL in 35,000 at the age of 
50 years, 1 to 12,000 at the age of 70 years and 1 in 7000 at 
the age of 75 years in women with breast implants. In this 
same study the risk happens to be 1 every 6920 before the 
age of 75 years [33]. Clemens et al. states that this risk is 1 in 
30,000 patients [34]. The behavior pattern of this entity is the 
same of solid tumors, even being a lymphoma. Thus, local 
treatment is of fundamental importance: Removal of the 
prosthesis and the entire capsule, with free margins, no indi-
cation for sentinel lymph node biopsy. Staging with PET-CT 
is indicated. Systemic treatment only in more aggressive 
cases, those with solid tumors clinical presentation or with 
systemic metastases. All patients who are candidates for 
breast implant surgeries should be alerted of ALCL risks.
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Breast Reconstruction with Temporary 
and Definitive Tissue Expanders

Cicero Urban

36.1  Introduction

Although one-step direct form-stable implant breast recon-
struction has continued to grow in terms of popularity, imme-
diate one- or two-stage tissue expander (definitive or 
temporary ones) remains as the preferred approach due to its 
relative simplicity. In our Breast Unit, one-step surgery with 
definitive implant is the preferred one, and expanders (defini-
tive or temporary ones) are limited to less than 10% of cases. 
More conservative mastectomies, with the preservation of 
the inframammary fold, skin envelope, and nipple and areola 
complex, allowed more anatomical reconstructions and bet-
ter outcomes. In addition, patient’s expectations are greater 
than when the implants were first used in 1960s [1].

Radovan [2] has introduced gradual expansion with tissue 
expanders, with positive psychological benefits to breast 
cancer patients, avoiding the mutilation and donor site mor-
bidity of autologous flaps. Progress in breast cancer treat-
ment with more individualized and less aggressive 
approaches permitted improvements in breast reconstruction 
with implants. The importance of new generations of sili-
cone implant on two-stage tissue expander reconstruction 
cannot be overstated, as earlier limitations of them were in 
part responsible to bad aesthetical appearance and softness in 
the beginning. Adjustable implants one-stage immediate 
breast reconstruction is an option to selected patients too. 
There is, however, a constantly evolving debate about the 
comparative benefit of one- or two-stage approach. The final 
result of the reconstruction is largely dependent on the status 
of the tissues after mastectomy—a good mastectomy is the 
better way for a good reconstruction outcome—and the 

 anatomy of the patient. And two-stage approach allows more 
predictable outcomes in the hands of most surgeons.

Optimal aesthetic and functional results using one- or 
two-step approach using temporary or definitive expanders 
demand attention to details in planning and technique, which 
are showing in this chapter.

36.2  Patient Selection

Patient’s selection is the most important consideration to the 
success of breast reconstruction. The breast and tumor’s 
characteristics are crucial, but understanding their expecta-
tions and showing that the reconstructed breast will not look 
exactly like the natural breast are critical, too [3–5]. Then, 
there are 5 factors in surgeon’s preference in relation to 
reconstructive techniques: surgeon’s training in different 
techniques, costs, tumor’s characteristics, and patient’s anat-
omy and expectations (Table 36.1).

Careful assessment of relevant medical and oncological 
issues is critical. Since most patients will need adjuvant che-
motherapy, which will typically begin somewhere between 4 
and 6  weeks following mastectomy, everithink should be 
able to heal by this time. Then, patients with some medical 
problems or history of severe tobacco abuse may not be 
appropriate to this kind of reconstruction. It is not the case in 
patients after neoadjuvant chemotherapy, but if radiation 
therapy is previously planned (which is a specific topic in 
this book), a multidisciplinary decision must be made, and 
sometimes the delayed reconstruction is a good option. 
Previously irradiated patients (which is discussed in other 
chapters, too) are not good candidates to expanders. 
Inflammatory cancers or patients without response to neoad-
juvant chemotherapy are relative contraindications too 
(Table  36.2). Between January and September 2014, 121 
immediate breast reconstructions were done at our breast 
unit, 104 (86%) of them with definitive form-stable implants 
and 17 (14%) with temporary expanders.
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36.3  Expander Selection

Which is better: temporary or definitive expander? They are 
different devices and concepts and, most of times, they are 
indicated for different patients. The principle behind both is 
the same: to expand tissues in order to have a desired volume, 
shape, and contour of the breast. But definitive expanders can 
be used when there is less need to expand the skin following 
the mastectomy. In these cases, usually it is necessary to do a 
contralateral mammoplasty, and it can be done, most of times, 
in a first surgery, or in a second one, when the implant’s port 
is then removed. Temporary expanders usually have the 
shape, basis, and volume parallel to definitive implants and 
are indicated when it is necessary to expand more tissue and 
particularly when the patient wants an augmentation mam-
moplasty. They can be used in autologous flaps, like latissi-
mus dorsi, or in very selected cases of TRAM flaps. 
Incorporated valves in temporary expanders are the most used 

lines, and the rationale to use low or high height and  projection 
devices depends on the breast’s characteristics and patient’s 
 individuality. One advantage of two-stage approach is the 
possibility to convey, in selected cases, patient’s wishes and 
views in the process of tissue expansion.

36.4  Planning and Technique

In Figure 36.1 it is illustrated the evolution of mastectomies 
and breast reconstruction and in Figure 36.2 is shown two 
generations of patients, mother (Halsted mastectomy) and 
daughter (nipple-sparing mastectomy with immediate recon-
struction with definitive expander), both with breast cancer 
but three decades between them, are shown. The skin pattern 
for mastectomy today is decided according to oncologic 
necessities and previously discussed with the patient. The 
most important measurement is the base width; followed by 
the breast shape and volume, which are compared to the con-
tralateral breast; and the ideal width, shape, and volume of 
the planned reconstructed breast (Fig.  36.3). The type of 
mastectomy is relevant, too, as in the nipple-sparing mastec-
tomy; it is possible to do one-step surgery with definitive 
expanders or definitive implants and contralateral mammo-
plasty whatever necessary.

Preoperative markings include sternal midline, the infra-
mammary and lateral folds, breast limits, and proposed inci-
sion (Fig.  36.4). Expander’s choice is based on the base 
width and desired shape and choice for definitive implant 
(Fig. 36.5). Following the mastectomy, there are two classic 

Table 36.1 Patient’s selection for two-step temporary expander, one- step definitive adjustable expander, or one-step definitive form stable implant

Characteristics Temporary expander Definitive expander Definitive implant
Breast’s 
characteristics

Small- or medium-sized breasts with no 
ptosis

Small-, medium-, or big-sized breasts, 
with or without ptosis

Medium- or big-sized breasts, with 
or without ptosis

Surgeon’s expertise Less demanding than the other two 
techniques, because there is a second 
surgery to correct

Intermediate demanding because there is 
a possibility to adjust the projection

More demanding because it is 
necessary to have a symmetry in 
one-step procedure

Costs Higher (two surgeries and usually 
temporary expanders cost more than 
definitive implants)

Intermediate (one surgery but the 
definitive expander usually has higher 
costs than definitive one)

Lower (one surgery with a definitive 
form-stable implant which has lower 
costs than the other two alternatives)

Patient’s 
expectations

Lower in the first procedure, as in two 
surgeries there is time to correct the 
asymmetry in the second surgery

High since the beginning, because there 
is a compromise to achieve symmetry in 
one-step surgery

High since the beginning, because 
there is a compromise to achieve 
symmetry in one-step surgery

Immediate 
contralateral 
mammoplasty

Not necessary in the first surgery (but 
necessary in most of second surgeries)

Indicated in most of the cases Indicated in most of the cases

Tumor’s 
characteristics

Big tumors and in proximity to the skin 
and bad quality of flaps

All size tumors, with or without 
proximity to the skin (but without 
necessity to resect a lot of skin), and 
moderate quality of flaps

All size tumors, with or without 
proximity to the skin (but without 
necessity to resect a lot of skin), and 
good quality of flaps

Mastectomy Non-skin- sparing and skin-sparing 
mastectomies

Skin- and nipple-sparing mastectomies Skin- and nipple-sparing 
mastectomies

Table 36.2 Relative contraindications to breast reconstruction with 
temporary and definitive expanders

Severe tobacco abuse
Uncontrolled diabetes
Bad quality of flaps
Previous radiotherapy
Inflammatory cancers
Locally advanced tumors with no response to neoadjuvant 
chemotherapy
Unrealistic patient’s expectations with breast reconstruction
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options for implant placement: total or partial muscular cov-
erage. Some surgeons are placing in subdermal place using 
bioprosthetic materials, as described in a specific chapter in 
this book. Although the most frequent is the total muscular 
cover, the dual plane is gaining popularity due to the poten-
tial to eliminating the high-riding implant, less pain, and 
short surgery. This is the preferred approach for all implant 
reconstructions at our breast unit.

One-shot cephalosporin is given before surgery, and usu-
ally patients recovered for 1 day. Serial inflation of the 
expanders is performed in the office and begins 4–6 weeks 
after surgery. Generally, 50–100  cc of saline are instilled 
every 3 weeks. Expansions are done even during chemother-
apy. When the patient goes to radiotherapy, expansion is 
interrupted (and most of the time, it is partially deflated dur-
ing this process) until the end and then it begins 1 week after 

Flap Temporary Expander Definitive Implant

Non SS SSM NSM

Fig. 36.1 Evolution of mastectomy and breast reconstruction’s techniques

Fig. 36.2 Two generations of patients and three decades of evolution of concepts—mother (Halsted mastectomy) and daughter (nipple-sparing 
mastectomy and immediate breast reconstruction with definitive expander)
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the end of treatment. Some examples of classical clinical 
cases are presented in Figs. 36.6, 36.7, 36.8, and 36.9. In 
these cases, it is illustrated as in the second surgeries; in 
cases of temporary expanders, it is possible to plan to correct 
the symmetry. Even in more difficult cases as after lactation 
or after reconstruction with flaps, temporary expanders are 
allowed for secondary corrections and achieving good sym-
metry (Figs. 36.10, 36.11, 36.12, 36.13, 36.14, and 36.15).

36.5  Complications

Complications can occur in an early or delayed stage and 
must be explained and reviewed with the patient preopera-
tively. They include bleeding, infection, extrusion, scars, rip-

pling, wrinkling, capsular contracture, fill-port failure, 
rupture, pain, seroma, distortion, and asymmetry. All of them 
are well-described in the literature, and the risks are, most of 
the time, related to medical and oncological issues. 
Prevention and treatment of them are described in a specific 
section in this book.

36.6  Conclusions

Breast reconstruction with temporary or definitive expanders 
is the preferred approach in many breast units, but proper 
patient and device selection is important to more predictable 
and safer results.

Round breasts Lower pole breasts

Fig. 36.3 Different breast shapes

Base width

15cm - 1cm = 14cm

Base width

Demarcation of breast limits

Inframammary
crease

Sternal line

Incision

Fig. 36.4 Calculation of the breast width to choose the right expander and preoperative skin markings
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Full height Low height Moderated height

Fig. 36.5 Examples how implant’s shape choice affects the final outcomes

Fig. 36.6 Preoperative view and skin markings of a 68-year-old patient with a left breast T1C invasive ductal carcinoma close to the nipple and 
areola complex. Marked breast asymmetry

Fig. 36.7 Postoperative result after immediate breast reconstruction 
with temporary expander

36 Breast Reconstruction with Temporary and Definitive Tissue Expanders
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Fig. 36.8 Postoperative result after changing the temporary expander by a definitive implant and contralateral mastopexy

Pre operatory view Temporary expander Definitive implant

Fig. 36.9 Pre- and postoperative view after skin-sparing mastectomy and immediate breast reconstruction with temporary expander and definitive 
implant with contralateral augmentation mammoplasty
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Elevate the
inframammary

crease

Lowering the
 inframammary

crease  

32 anos, CDI, pT2N1(14/29), ER/PgR+,
HER2-,  6 meses pós parto (lactação)

Fig. 36.10 Preoperative view of a 39-year-old patient with T2 N2 
invasive ductal carcinoma, 6 months after delivery, with surgical plan-
ning for changing the temporary expander by definitive implant and 

contralateral augmentation mammoplasty (radiotherapy was planned 
after the surgery)

Fig. 36.11 Postoperative view after 2 months

36 Breast Reconstruction with Temporary and Definitive Tissue Expanders
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Fig. 36.12 Postoperative view 4 months after radiotherapy

Fig. 36.13 Preoperative view and surgical plan of a 39-year-old patient with a previous ulcerated and bone metastatic disease (T4 N1M1). She 
had a complete response to systemic treatment and radiotherapy and was 1 year free of disease
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37.1  Introduction

Breast cancer treatment at the beginning of the last century 
was frankly mutilating to patients. Standard surgery removed 
large amounts of skin and adjacent muscles. Aggressive 
external radiotherapy further degraded the tissues with sig-
nificant deleterious aesthetic, functional and psychological 
sequelae. In that era, few options existed for breast recon-
struction and even less for a single-stage immediate breast 
reconstruction using definitive implants. The evolving under-
standing of the biological characteristics of breast cancer has 
allowed for refinement in treatment making those less muti-
lating. Concurrently, it has been developed a greater appre-
ciation for the psychological effects of treatment. Modern 
breast cancer treatments need to take into account and try to 
maintain the quality of life for the patient while providing 
excellent oncologic control. A single-staged breast recon-
struction evolved with that goal in mind.

Immediate breast reconstruction with implants started in 
the 1980s. At that time, large clinical trials (Milan and 
NSABP) established the efficacy of less aggressive surgery 
for local control of the disease [1–3]. This technical evolu-
tion with breast-conserving surgery established the role of 
partial mastectomy. It also affected the future techniques 

used for mastectomy by demonstrating that much of the 
breast envelope, skin, pectoralis muscle, and inframammary 
fold could be preserved. These more refined and tissue-con-
serving mastectomies (skin-sparing and nipple-sparing) 
associated a better design and technology of new generations 
of anatomical implants made immediate breast reconstruc-
tion with implants a viable option [4]. Definitive implant 
reconstruction reduced the number of additional surgical 
interventions and reduced the indications for more complex 
breast reconstruction techniques like pedicle or free flaps. A 
single-stage procedure can have economic benefits both to 
the patient and to the medical system, avoiding temporary 
expanders. Definitive implant reconstruction also improves 
patient’s quality of life, lowers the feeling of mutilation 
caused by the oncologic treatment, and encourages faster 
social reintegration [5, 6].

So the aim of this chapter was to show how to select the 
patients and the implants for the procedure. It reviews the 
evolution of the technique and examines the technical advan-
tages, limits, and complications of immediate breast recon-
struction as a single-step surgery with definitive form- stable 
implants and contralateral mammoplasty for symmetry.

37.2  Patient Selection

The best candidates for immediate breast reconstruction with 
implants are those in which the breast volume is small or 
medium, the planned mastectomy does not involve resection 
of large amounts of skin, and there is no evidence of tumor 
infiltration of the skin or chest wall musculature (Figs. 37.1 
and 37.2). Larger-volume breasts or those with important 
mammary ptosis can be candidates for the procedure but in 
combination with either a reduction of the contralateral 
breast or a mastopexy for correction of mammary ptosis [6, 
7]. Particularly in these cases, it is possible to achieve some 
degree of ptosis (Fig. 37.3).

Multidisciplinary preoperative evaluation is necessary 
when deciding on the reconstructive technique and assessing 
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a

d e

b c

Fig. 37.1 (a) Preoperatory view of a 38-year-old patient with invasive ductal carcinoma in the left breast (T2N0). (b–e) Postoperatory view 1 after 
a nipple-sparing mastectomy and immediate breast reconstruction with anatomic form-stable implant

a b c

Fig. 37.2 (a) Preoperative example of right-side skin-sparing mastec-
tomy with immediate breast reconstruction with definitive anatomic 
implant and partial muscular pocket. A left-side mastoplasty of aug-

mentation and correction of ptosis were programmed. (b and c) Frontal 
and lateral view 3 months later
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for possible oncologic contraindications of immediate breast 
reconstruction, including (Tables 37.1 and 37.2):

• Technical problems: tumor infiltration of the skin or mus-
cles, which complicates the technical performance of 
breast reconstruction with implants and is a formal indi-
cation for postoperative radiotherapy of the chest wall.

• Risk of delay in adjuvant treatments: patients with aggres-
sive tumors (e.g., young patients with clinic and histo-
pathologic evidence of growth of the tumor after 
neoadjuvant chemotherapy and significant involvement of 
axillary lymph nodes).

• Psychological problems: it is appropriate to be obser-
vant of signs that suggest an underlying psychological 
issue that could impede the success of a reconstruction. 
Prior hospitalizations for psychiatric issues, inappropri-
ate effect, and disorganized thought processes are just 
some of the red flags that could indicate a psychological 
disorder. Psychological assessment can be helpful to 
assist in appropriate patient selection and assure that 
unresolved psychological issues do not derail the recon-
struction, like excessive expectations with breast recon-
struction or difficulties to collaborate in the postoperative 

a

d

b c

Fig. 37.3 (a–d ) Postoperatory view 1 year after skin-sparing mastectomy and immediate breast reconstruction with anatomic form-stable implant 
and contralateral breast reduction in a big breast preserving some degree of natural ptosis

Table 37.1 Potential advantages of one-stage immediate breast recon-
struction with definitive form-stable implants

Advantages
•  A single procedure that can avoid a second surgery to change the 

temporary expander
• No donor site morbidity
• Short operative time and recovery
• Skin with similar color, texture, and sensation
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period, or even to accept complications and 
limitations.

• Severe breast hypertrophy: presents as a relative contrain-
dication for even with major reduction of mammary vol-
ume, it can be very hard to obtain a satisfactory aesthetic 
result. Morbid obesity poses additional difficulties too.

• Previous breast irradiation: mastectomy due to a recur-
rence after conservative surgery with adjuvant radiother-
apy is a relative contraindication. In these cases, the use of 
a musculocutaneous flap is a good option. It is possible to 
try an immediate reconstruction when the breast is small 
or when there is minimal sequela from the radiotherapy 
(i.e., the skin is soft and pliable). Caution is advised, and 
any attempt must be exhaustively discussed with the 
patient, with a focus on the high level of complications 
(cutaneous necrosis, infection, exposure or dislocation of 
the prosthesis, and periprosthetic capsular contraction 
[8]). There is a specific chapter in the book in this topic.

• Smoking: a significant association between smoking sta-
tus and postoperative complications exists. Overall com-
plications, reconstructive failure, mastectomy flap 
necrosis, and infection are more common in smokers. 
Smokers who undergo postmastectomy expander/implant 
reconstruction should be informed of the increased risk of 
surgical complications and should be counseled on 
smoking cessation [9].

• Failure in previous reconstruction with temporary/defini-
tive expander and/or implant: this can cause a severe tis-
sue retraction.

37.3  Preoperative Evaluation

A multidisciplinary team must evaluate patients who are 
candidates to undergo a breast reconstruction procedure 
before being admitted in hospital. The preoperative 

evaluation considers reconstructive options and aims to 
choose the best technique for each situation. The patient is 
provided with detailed information on perioperative care and 
expectations. The assessment includes selecting the model, 
shape, and size of implants to be inserted. It is necessary to 
do the measurement of the basis of the breast and see the 
shape of the breast, in order to do the correct choice. Planning 
process includes photos of the patient standing and 
preoperative drawings. Technical details such as the type of 
incision and oncologic details such as the need for any 
additional workup of the contralateral breast are determined 
at this time. Preoperative breast evaluation must include 
bilateral mammography and breast ultrasound in combination 
with the physical exam to assess the extent of disease. MRI 
is useful for young patients, dense breasts, hereditary can-
cers, and invasive lobular carcinomas (see specific chapter 
about breast imaging). Antibiotic prophylaxis is done with 
cephalosporin, prior to skin incision, and re-dose the antibi-
otic intraoperatively in the limited number of cases that last 
over 4 h [10].

37.4  Technique

The patient is placed on the operating table with both arms 
extended out on arm boards. This position allows for two 
teams to work concomitantly whenever a contralateral pro-
cedure planned, therefore reducing surgical time. After com-
pletion of the oncology portion of the procedure, the site is 
cleaned again with povidone-iodine or chlorhexidine solu-
tion, and the surgical instruments used in the oncology step 
are removed. An initial evaluation is made in order to check 
the integrity of the pectoralis major muscle, as well as the 
vascularization of the mastectomy skin flaps, and inframam-
mary fold. The degree of abduction of the arm is adjusted 
relative to the thorax to allow for relaxation of the pectoralis 
major muscle. The table is flexed at the waist so that the 
patient’s thorax is raised 45°.

There are three techniques for immediate breast recon-
struction which are most used in practice. The techniques 
have evolved in an effort to improve the cosmetic outcome:

Immediate breast reconstruction with complete muscu-
lar pocket. This original technique was described by Little 
[11] with the title “muscular bra.” The technique gave 
more protection to the implant in cases of limited skin 
necrosis, and it allowed for isolation of the axillary cavity 
and thus helps to limit migration of the implant toward the 
axilla. This was the only immediate reconstruction option 
available before the advent of form-stable implants. Prior 
to that, the only implants available were round, and that 
 limited the options for improving aesthetic results. With 
anatomic form- stable implants, the technique for immedi-
ate reconstruction evolved for it is possible to achieve a 
better shape to the reconstructed breast if it is not laterally 

Table 37.2 Relative contraindications for one-stage immediate breast 
reconstruction with definitive form-stable implants

Characteristic Difficulty
Chest wall or skin 
infiltration

Adjuvant radiotherapy

Aggressive tumors Early beginning of chemotherapy and/
or adjuvant radiotherapy

Psychological problems Incapacity to understand the limits and 
potential complications

Several breast hypertrophy 
morbid obesity

Increase factors II, VII, VIII, IX, X, 
fibrinogen

Previous irradiation Higher risks of infection, bad aesthetic 
outcome, and loss of implant

Tobacco Higher risks of infection, wound 
healing problems, and loss of implant

Failed previous 
reconstruction with 
implants

Retraction
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recovered by the serratus muscle as this allows for better 
inferior and anterior projection. This creates a more natu-
ral shape to the reconstructed breast. However, there were 
two significant problems associated with eliminating the 
serratus portion of the muscular pocket. First, some mas-
tectomy incisions, especially those that remove that nip-
ple-areolar complex as a horizontal ellipse, would end up 
with the lateral part of the sutured incision directly on the 
implant with no intervening tissue. There is no protection 
of the implant in cases of skin necrosis and/or dehiscence 
of the scar. If this complication occurs, there is an increase 
in the risk of exposure of implant leading to removal. A 
second problem occurs in situations of thin flaps with a 
fragile vasculature. In these cases, the complete muscular 
pocket places well-vascularized muscle directly under-
neath the entire skin flap. This underlying muscle may 
help maintain the viability of the compromised skin flap. 
The layer of muscle may also reduce the tactile effect of 
“feeling” the implant, which is very frequent when the lat-
eral skin flap is rather thin.

Immediate breast reconstruction with partial muscular 
pocket. This technique had started to be developed in the 

Plastic Surgery Department of the European Institute of 
Oncology in Milan (Italy) in 2003 and at the Our Lady of 
Grace Hospital Breast Unit in Curitiba (Brazil) in 2004. It 
came about with the introduction of new anatomic form- stable 
implants and with the acceptance of a refinement of the mas-
tectomy technique, which allowed preservation of nearly all 
the breast skin. The technical aim was to improve the cosmetic 
outcome of the implant reconstruction by eliminating the ser-
ratus portion of the muscular pocket but to also avoid placing 
the sutured incision directly over the implants. Incision place-
ment is critical, as one wants to be sure that the final scar from 
the mastectomy can be placed completely on the pectoralis 
major muscle. One also wants to select patients where the final 
skin flaps will not be very thin and at risk of necrosis. With this 
technique, it is possible to achieve a much more natural lateral 
contour of the breast (Fig. 37.4). The biggest drawback is the 
tactile feeling that patients have when they touch the inferior-
lateral region of their breasts, as they can feel underlying 
implant. With this technique, the lower and medial detachment 
of the pectoralis major muscle is performed as in the  traditional 
technique (Fig. 37.5). After inserting the definitive implants, 
the lateral border of the implant pocket is formed by suturing 

a b c

d e f

Fig. 37.4 (a and b) Postoperatory view 2 years after skin-sparing mas-
tectomy and immediate breast reconstruction with anatomic form- 
stable implant and contralateral breast reduction with partial cover 

muscular pocket. (c–f) Postoperatory view 8 years after, demonstrating 
a stability of the aesthetic outcomes
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the skin flap down to the musculature of the chest wall with 
absorbable suture. It is critical to prevent both the lateral and 
the axillary migration of the implant. Lateral muscular cutane-
ous fixation is also needed in cases in which the breast base is 
too wide and when we have to insert a smaller base implant. 
This fixation also helps to avoid the lateral movement of the 
breast implant. In this case, closed suction drains to drain the 
whole cavity should be considered. When axillary dissection 

is performed, the risk for losing the implant is about three 
times higher than when only sentinel node biopsy is performed 
(unpublished data from the Our Lady of Grace Hospital Breast 
Unit). This could be related to surgical time, drains, and the 
alteration in postoperative lymphatic drainage. In these cases, 
a pectoralis minor flap can be useful to cover the lateral part of 
the implant and prevent implant malposition from dislocation 
to the axilla (Fig. 37.6).

Limit of
musculofascial

dissection

Deep
muscular
incision

Anatomic form
stable breast implant

Pectoralis
major muscle

Inframammary
crease

Fig. 37.5 Limits and localization of the implant in partial cover muscular pocket

a b c

Fig. 37.6 (a–c) Pectoralis minor flap technique to cover the lateral part of the implant and prevent implant malposition from dislocation to the 
axilla
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Immediate breast reconstruction with the cutaneous sus-
pension technique. This technique was described and devel-
oped by Rietjens [12]. It uses a complete muscular pocket to 
allow for implant coverage, but it also utilizes an abdominal 
advancement cutaneous flap with Mersilene mesh fixation to 
create a more natural inframammary fold with better inferior 
and external projection. The best candidate for this technique 
would be a small-breasted woman with limited ptosis who 
does not need to get the contralateral breast corrected. The 
preoperative marking includes an assessment of the elasticity 
and mobility of the cutaneous tissues of the upper abdomen 
while the patient is standing. This assessment allows the sur-
geon to calculate the size of the cutaneous flap to be used. 
Afterward, both the current and the future inframammary 
fold are marked; the latter is marked between 4 and 6 cm 
below the current inframammary fold. After the mastectomy 
is completed, the reconstruction is started with the prepara-
tion of the complete muscular pocket: medial undermining 
of the pectoralis major muscle and lateral undermining of the 
serratus. An extensive subcutaneous undermining is per-
formed below the current inframammary fold extending 
down past the line demarcating the future inframammary 
fold. This dissection allows for adequate mobility of the 
cutaneous flap. After that, a mesh of nonabsorbable material 
(usually Mersilene, as it is durable and malleable) is used to 
fix the flap in place. The mesh is cut so that one of the edges 
is rounded off to a curve that will match the newly planned 
inframammary fold. This edge will be sutured to the dermis 
and superficial fascia of the pre- marked new inframammary 
fold level with nonabsorbable stitches. They need to be well 
anchored to resist inferior traction. Taking these “healthy” 
bites can cause small skin retractions where the sutures are 
placed. In our experience, these retractions soften with time 
until they eventually disappear as the skin heals and the peri-
prosthetic capsule is formed. Once the mesh is fixed to the 
future inframammary fold, the mesh is pulled superiorly 
until the created fold comes to the same level as the contra-
lateral side. The free edge of the mesh is then fixed with one 
or two nonabsorbable stitches on the fifth or sixth coastal 
cartilage, and the surplus of the skin is removed. The implant 
will be placed between the mesh and the pectoralis major 
muscle, and then the muscular pocket will be completely 
closed with the suture between the lateral edge of the pecto-
ralis major muscle and the anterior edge of the serratus mus-
cle. Two drains are placed: one in touch with the implant, 
inside the muscular pocket, and the other draining the subcu-
taneous space and the axilla. It’s advisable to keep the patient 
in a semi-sitting position (at 45°) as this lessens the traction 
on the sutures anchoring the advancement flap and thus less 
postoperative pain. This technique can be applied to avoid 
the use of expanders when there is not a need to remove large 
amounts of skin [13]. It avoids a second surgical step with 
general anesthesia. This technique has been used in 67 cases 

of immediate breast reconstruction and in 6 cases of delayed 
reconstruction. In 14 cases (19.2%), it was necessary to per-
form a second surgery with general anesthesia for capsulot-
omy, replacement of implant, and reconstruction of the 
nipple and areola complex. In three cases (4.1%), the implant 
was removed due to exposure or infection. In the remaining 
33 cases, only local anesthesia was needed for reconstruction 
of the nipple and areola complex and for finishing the recon-
structive phase. In this series, the evaluation of the capsular 
contracture was Baker I in 24 cases, Baker II in 16 cases, 
Baker III in 9 cases, and Baker IV in 1 case only. The breast 
symmetry, the patient’s satisfaction, and the surgeon’s aes-
thetic evaluation were graded 7.56, 7.75, and 7.60 (with a 
degree of 1 = extremely low to 10 = excellent) (Figs. 37.7, 
37.8, 37.9, 37.10 and 37.11).

An additional option for immediate, single-stage breast- 
implant reconstruction is the use of allogeneic tissue 
(Alloderm, LifeCell Corporation, Woodlands, TX). This is 
an immunologically inert acellular dermal matrix, which is 
used with the intent to reduce the risks of rejection or implant 
extrusion. Allogenic dermal grafting provides an additional 
layer of tissue between the skin and the implant with minimal 
complications, eliminates the need for tissue expansion/
implant reconstructive process, prevents capsular contrac-
ture and implant migration, and improves cosmetic outcomes 
[14]. Its aim is to create a pectoralis-AlloDerm pocket to 

Fig. 37.7 Evaluation of the amount of skin that can be used in the 
upper abdominal cutaneous flap
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cover and position the implant. It has been used an inferolat-
eral AlloDerm hammock as an inferior extension of the pec-
toralis major muscle to provide a mechanical barrier between 
the implant and skin and to control implant position [15–17]. 
It is not approved yet to current use in Brazil. A decellular-
ized bovine pericardium which is used in vascular and heart 

surgeries was recently described as an option to cover the 
implant [18] (Fig. 37.12).

Most of the time, it is necessary to use anatomical implants 
in immediate breast reconstruction. Round implants are 
rarely indicated. Sometimes definitive expanders can be indi-
cated, in order to avoid tension in the suture, and muscular 

Fig. 37.9 The mesh of nonabsorbable material is fixed in the future 
sulcus, superiorly pulled and fixed on the fifth or sixth coastal cartilage

Fig. 37.10 Lateral view of 
the mesh position. The 
prosthesis is anteriorly placed

Fig. 37.8 Preparing the complete muscle pocket: pectoralis major 
muscle and serratus

C. Urban et al.



481

pocket is not enough to maintain it safe and allow for optimal 
postoperative size and shape adjustment to better enable the 
achievement of symmetry [19]. The disadvantages of these 
definitive expanders are higher costs, pain and discomfort 
with the valves (which are necessary to remove), filling port 
dislocation, filling port failure, pain on expansion, tube 
detachment, and valve obstruction [20], and they usually are 
more rigid than silicone ones.

37.5  Contralateral Mammaplasty

Correction of the opposite breast is often necessary in order to 
obtain the best symmetry in breast reconstruction. Contralateral 
surgery is performed in more than 80% of cases, and it is 

 generally proposed as part of the first reconstructive surgery 
with the aim of avoiding a second operation with general anes-
thesia, reducing admission time in hospital, and consequently 
reducing the costs of reconstructive breast procedure. Some 
authors tend to perform contralateral symmetry mammoplasty 
most of times in reconstruction with implants, if compared to 
reconstruction with musculocutaneous flaps [21].

The techniques applied are proposed according to the 
patient’s desires and to the possibilities to obtain better sym-
metry to the reconstructed breast. It is important to bear in 
mind that each technique has its limitations. For example, the 
surgeon must be able to anticipate the amount of ptosis that 
can be created in the reconstructed breast. In some situations, 
it is difficult, if not impossible, to create a breast with ptosis 
when using implants. But for well-selected cases, where there 

a b c

Fig. 37.11 (a) Preoperative drawings programming a right-side mas-
tectomy with broad removal of the skin, immediate breast reconstruc-
tion with the mesh and with definitive prosthesis, as well as a left-side 

mastopexy to be performed in the same surgery. (b and c) Postoperative 
photo with frontal and lateral views after 6 months

a b

Fig. 37.12 (a and b) Implant covered by bovine pericardium.
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is large amount of remained skin, it is possible to achieve a 
natural ptosis (Fig. 37.2). Reconstructions with musculocuta-
neous flaps from the rectus abdominis muscle, on the other 
hand, can often have a natural-appearing amount of ptosis. In 
the right circumstances with some breasts and appropriable 
skin-sparing and nipple-sparing mastectomies, it is possible 
to achieve some degree of ptosis in immediate breast recon-
struction with implants. These details must be considered 
when we plan the final result of a symmetry mammaplasty.

The techniques most frequently applied are:

• Reductive mammaplasty with medial-lateral posterior 
pedicle, initially based on traditionally periareolar tech-
niques [22, 23]: this is usually applied to cases of reduc-
tion up to 200 g, with low level of ptosis and for young 
patients with elastic skin.

• Reductive mammaplasty based on a superior pedicle as 
described by Lejour [24] or Pitanguy [25]: this technique 
is usually applied to reduction procedures between 200 
and 700 g, without associated major initial ptosis.

• Reductive mammaplasty with infero-posterior pedicle as 
described by Ribeiro [26] or Robbins [27]: this technique 
is generally utilized for reductions above 700 g, with a 
moderate degree of initial ptosis.

• Reductive mammaplasty with graft of areola and nipple 
as described by Thorek [28]: this technique is rarely indi-
cated in practice. It is for cases of important gigantomas-
ties combined with a major initial ptosis.

• Mastopexy: periareolar technique is preferred when there 
is a small ptosis and Lejour technique for those cases with 
a higher degree of ptosis in which a great amount of skin 
has to be removed.

• Augmentation mammaplasties: most of the time with the 
use of round implants with a wider base and smaller pro-
jection, in order to obtain a better symmetry of the recon-
structed breast. The position can be subglandular if the 
breast is more than 1 cm thick in the upper quadrants. For 
small breasts and those less than 1 cm thick in the upper 
quadrants, implant is placed in the subpectoral position 
and leave the implant subglandular once it is outside the 
borders of the pectoralis. In some cases, the patient needs 
both volume augmentation and a mastopexy. In this situa-
tion, the dual plane technique is useful, which involves 
inferior detachment of the pectoralis major muscle and 
correction of the glandular ptosis with the crossing of 
flaps. The incision can be inferior periareolar, complete 
periareolar, or vertical periareolar (Lejour type). The 
choice of incision depends on the degree of ptosis to be 
corrected and the amount of skin to be removed [29, 30].

It is important to bear in mind that both clinical and radio-
logical evaluation of the contralateral breast must be per-
formed prior to mammaplasty. A palpable nodule, skin 

retraction, pathologic nipple discharge, or an abnormality on 
imaging needs an appropriate evaluation. Your community 
standard can guide the workup, but strong consideration 
should be given to preoperative core biopsy of all 
abnormalities. Breast MRI may also be appropriate. 
Additionally, imaged localized biopsies such as wire 
localization or a ROLL procedure can be done. All tissues 
removed during the reduction mammaplasty are submitted to 
histological exam, and it is important to provide specimen 
orientation for the pathologist so that appropriate margin 
evaluation can be done if an unsuspected malignancy is 
found. The literature shows that the average incidence of a 
contralateral lesion is about 5% [31–33].

37.6  Secondary Revisions

Secondary revisions are frequent in cases of breast recon-
structions with implants to improve symmetry and aesthetic 
results. The most frequent indications are:

• Formation of periprosthetic capsule, Baker grade III or IV.
• Malposition of the implant after healing.
• Asymmetry: this may be due to changes in body weight 

(either intentional or as a result of chemotherapy and hor-
monotherapy) or due to a suboptimal choice in the volume 
and/or shape of implant during the first surgical step.

• Rotation of an anatomic implant.

Revision techniques that can be used are:

• Capsulectomies: indicated when there is a rather thick 
periprosthetic capsule, causing pain and an unsatisfactory 
aesthetic result. In rare cases, the patient may actually 
have a reaction to the prosthetic material. Chest wall radio-
therapy greatly increases the risk of capsular contraction. 
Capsulectomies should be done, if possible, through the 
existing scar. Ideally, the incision is located over the pecto-
ralis major muscle as this provides a protective layer 
between the implant and the suture line. After making the 
skin incision, the dissection is in the subcutaneous space 
over to the lateral edge of the pectoralis major. In cases 
where the edge of the pectoralis is too far away to be rea-
sonably reached from this approach, the technique is to 
split the pectoralis major muscle in the same direction of 
the fibers. When the inferior-lateral cutaneous flap is thick, 
it is recommended the excision of the entire periprosthetic 
capsule. However, when this cutaneous flap is fragile and 
thin, or if it has been subjected to a postoperative radio-
therapy, a partial excision of the capsule is performed. The 
portion of capsule associated with the inferior-external 
flap is left intact to avoid damaging the flap. Removal of 
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the posterior capsule is also avoided to minimize the risk 
of hematoma and seroma in the postoperative period. 
Capsulectomies are done under general anesthesia and 
with placement of a drain.

• Capsulotomies: indicated in cases of adherence or retrac-
tion of the periprosthetic capsule, leading to malposition-
ing of the implant or an unacceptable aesthetic result. As 
noted above, we try to place the incision within the previ-
ous scar if possible. Find the capsule either by dissecting 
through the subcutaneous tissues over to the edge of the 
pectoralis or split the fibers of the pectoralis to get down to 
the capsule. The capsule is opened and the implant is 
explanted. The location and type of capsulotomy to be per-
formed is determined preoperatively with the patient 
standing up. Our most common approach is to make a cir-
cular incision in the base of the capsule. Following that, 
radical incisions are added to allow for better distension of 
the reconstructed breast and consequently a better shape 
after the implant is reinserted. We commonly use general 
anesthesia for these cases, but in less complex cases, local 
anesthesia with sedation is enough.

• Repositioning of the inframammary fold. The inframam-
mary fold is an important landmark that needs to be prop-
erly positioned to achieve good symmetry in breast 
reconstruction. Malpositioning of it may occur after the 
first surgery as a result of the formation of the peripros-
thetic capsule. When the inframammary fold ends up too 
high, corrective surgery is easier. An inferior capsulotomy 
should allow you to place it in the correct position. When 
it is placed below the ideal position, correction becomes 
technically more difficult (Fig.  37.13). The drawing to 
determine the repositioning of the inframammary fold 
must be made before the surgery with the patient standing 

up. The operation is preferable to be done with the patient 
at 90°, if possible. An inferior circular capsulotomy is 
made and the implant removed. A inframammary crease 
is created by suturing the anterior wall of the capsule to 
the inferior superficial aponeurosis (superficial fascia of 
the underlying chest wall musculature) in the posterior 
capsule at the level of the new inframammary fold. 
Capsule wall to capsule wall fixation allows for the por-
tion of the capsule that was inferior to the desired infra-
mammary fold to be excluded. In some cases, the repair 
will not be durable, and the inframammary fold will again 
drop down. This is due to excessive tension in the stitches 
or fragility of the capsule. In such cases, correction using 
nonabsorbable meshes could be an option (Fig. 37.14). A 
drain is used and the patient is kept in a semi-sitting posi-
tion for 48 h. For this surgery, the patient undergoes gen-
eral anesthesia.

• Implant replacement. Indicated when there is asymmetry 
of shape or volume or in cases of a possible rupture of 
implant. The technique used will depend on the surgical 
plan. When implant volume needs to be increased, it is 
usually necessary to perform a capsulotomy to increase 
the volumetric capacity of the pocket. Capsulotomy is 
generally not required in cases that involve implant 
replacement of lower volume. Special attention must be 
given to replacing a round implant with a smaller ana-
tomic one because if the pocket is too large, the anatomic 

Fig. 37.13 Malpositioning of the sulcus 3 months after immediate 
reconstruction with anatomic form-stable implant

Fig. 37.14 Correction of the inframammary crease with mesh
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implant may rotate with subsequent deformation of the 
reconstruction. Usually, this type of surgery can be per-
formed with local anesthesia and sedation.

37.7  Complications

Complications related to breast reconstruction with implants 
can be classified as immediate (during the first 2 months 
after the surgery) or secondary (after this period). The most 
frequent complications include:

• Hematomas: the expected incidence of hematoma after 
breast reconstruction procedures is 1–2%. The risk of 
hematomas is inversely proportional to the length of the 
skin incision. With the current trend for using some aes-
thetic incisions, it becomes harder to achieve excellent 
hemostasis. Other factors that may contribute to hema-
toma formation are the frequent use of prophylactic anti-
thrombotic therapy, general anesthesia, and the sitting 
position of the patient during the surgical procedure. The 
latter two contribute by keeping a relative hypotension 
intraoperatively, which can cause bleeding in the postop-
erative period when the arterial blood pressure returns to 
normal. When large hematomas occur, surgical explora-
tion and evacuation are appropriate for two reasons. First, 
it allows for controlling the source of the bleeding. 
Second, a significant postoperative hematoma, with a pro-
longed reabsorption, is a risk factor for periprosthetic cap-
sule that is Baker levels III or IV.

• Seromas: the physiopathology of seromas is linked with 
liberating inflammatory mediators from traumatized 
tissues and to an interruption of blood and lymphatic flow. 
Even though the use of closed suction drains is a routine 
for the prevention of seromas, they frequently occur. 
Axillary lymphadenectomy significantly increases the 
risk of a postoperative seroma. Closed suction drains are 
used routinely in almost all breast prosthesis surgeries, 
except for small capsulotomies and/or prosthetic 
replacements performed with local anesthesia. Drains are 
removed when the output is serous and the volume is 
below 70 cc in the past 24 h. In case of abundant drainage, 
the patient is discharged to home with the drain in place 
and will return to the clinic for removal. When seromas 
occur after the drains have been removed, the volume of 
the seroma should be monitored. The evaluation can be 
clinically done by an experienced surgeon, or, in case of 
doubt, an ultrasound can clarify the situation. In cases of 
a small seroma around the implant, patients are reassessed 
after 4–7 days in order to check if there has been increase 
or decrease of the seroma. If the seroma is in the axilla, 
the implant is not at risk of damage from the needle, and 
aspiration can be utilized more liberally. Care must be 

done with large seromas around the implant. They can be 
aspirated under ultrasound guidance or displacing the 
implant away from the point of puncture in which case the 
aspiration can be done without ultrasound control. 
Purulent fluids must be sent for gram stain, cultures, and 
antibiotic sensitivity studies. Empiric antibiotic therapy 
may be started prior to definitive cultures. Patients with 
large seromas can frequently experience fever peaks at 
37.5 or 38 °C, though no infection is found.

• Infection and dehiscence of scar: these two topics may be 
dealt with as a set for they frequently occur together. 
Review of the literature shows an incidence of infection 
after breast reconstruction with expanders or definitive 
prosthesis that may vary from 1% to 24% [34–36]. This 
same study analyzed the possible factors that could 
influence the incidence of infection, and it was clear that 
the axillary lymphadenectomy, obesity, and radiotherapy 
are statistically significant risk factors for an increased 
risk of infection [37–40].

 One must consider how to manage this set of complications. 
A very interesting study grouped patients according to these 
clinical factors: quality of cutaneous cover, dehiscence of 
scar, and infection level (absent, average, or severe), and 
according to the group the patient belongs to, a therapeutic 
approach was proposed [39]. From our experience, this 
classification into clinical groups can be done, but we use a 
simpler classification. The simplification is based on a study 
that shows that previous radiotherapy does not affect the 
success of the treatment for infection or cutaneous dehis-
cence [41]. The groups and strategies could be classified as:
 – Dehiscence of scar without infection: for recent dehis-

cence (less than 48 h) with good skin cover, a conserva-
tive approach can be proposed, which includes culturing 
of the prosthesis capsule, thorough washing out of the 
wound with saline plus a disinfectant, placement of an 
closed suction drain, reinsertion of the same implant, 
and re-suture of the dehiscence and empiric oral antibi-
otic therapy (until culture and sensitivity is known) with 
appropriate adjustment of antibiotic therapy once the 
specific organism is identified. For dehiscence over 48 h 
and/or poor quality of the skin cover, the procedure will 
be the same, but it is advisable to replace the implant 
due to contamination or even to substitute with a lower-
volume implant or exchange for an expander.

 – Dehiscence of scar with evident infection: for cases of 
light infection with good skin cover, it is possible to try 
a conservative approach; the patient must be informed 
about the risk of failure. For severely infected cases or 
when the conservative approach has failed, it is 
necessary to remove the implant altogether, thoroughly 
rinse out the prosthetic capsule, place drains, and place 
the patient on antibiotics until the infectious process 
has resolved. The patient is reevaluated in 6 months, 
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and at that time a plan for the new reconstructive 
technique is made. Occasionally, a musculocutaneous 
flap must be used.

 – Infection of the prosthetic capsule without dehiscence of 
scar: a study performed in our department at European 
Institute of Oncology [31] has shown an increase in the 
risk of delayed infection of the prosthetic capsule in 
cases involving postoperative chemotherapy (mainly in 
cases of high-dose chemotherapy), and strangely the 
bacteriological test of removed purulent secretion is neg-
ative. The initial approach is aspiration of the fluid found 
in the periprosthetic capsule, bacteriological test (gram 
stain, culture, and sensitivity), and oral or intravenous 
antibiotic therapy, according to the intensity of infection 
and the patient’s general condition. In cases of failure of 
conservative approach or spontaneous drainage from the 
capsule of pus, the following will be necessary: removal 
of the prosthesis, thorough rinsing of the cavity, draining 
of the periprosthetic capsule, and antibiotic therapy until 
there is resolution of the infectious process.

• Implant extrusion: this is the most feared complication 
after reconstruction with implants. It occurs after an infec-
tion, flap necrosis, or a dehiscence of suture. Extrusions 
without infection can be sutured or submitted to a rotation 
of a small flap, maintaining the implant (Fig. 37.15).

• Periprosthetic capsular contraction and rupture of implant: 
Baker types III and IV capsular contraction are a compli-
cation that presents with a rather variable incidence in the 
literature. The most recent generation of anatomic tex-
tured prosthesis is expected to reduce the incidence of 
capsules that need surgical correction through capsulot-
omy and capsulectomy as previously described. The fac-
tors that result in the formation of an excessive capsule 
are not yet completely known. Subclinical infection and 
intraoperative contamination are two possible causes that 
have been studied so far. The mechanism of implant rup-
ture is related to the natural degradation of the implant 
envelope and to the quality of the periprosthetic capsule. 
Implants with cohesive gel tend to remain in place, with 
no extravasation of silicone into the neighboring tissues. 
The extravasated silicone does not cause collagen vascu-
lar or neurological diseases and does not have oncogenic 
potential or teratogenicity. The life span of these latest 
generation of implants is not yet completely known. 
Prophylactic exchange of these implants is not necessary 
(see the chapter about history of breast implants).

• Rotation of implants: this is a new complication that 
appeared with the use of anatomic implants. It is not fre-
quent, and it is probably related to pockets with excessive 
volume and/or insufficient capsule formation to keep the 
implants in their correct orientation.

• Rippling: it is not well known the real incidence and 
causes of this aesthetic long-term complication, which 
nowadays can be corrected by the use of lipofilling (there 
is a specific chapter about this) (Fig. 37.16).

• Local recurrences: these are not exactly a complication of 
the reconstruction. They are more related to margin sta-
tus, age of the patient, treatment protocols, and tumor 
biology rather than the surgery itself. Local recurrences in 
skin- sparing mastectomies are statistically similar to 
those of the traditional modified radical mastectomies. 
Preserving the inframammary fold and uninvolved skin 
does not bring major oncologic risks or effect patient sur-
vival. Local recurrences after mastectomies must be con-
sidered as systemic until staging studies show otherwise.

37.8  Aesthetic Result

Aesthetics is a branch of philosophy dealing with the nature 
of art, beauty, and taste. It is clearly difficult and maybe 
impossible to define what is a beautiful or a perfect breast 
[42]. A recent study at Our Lady of Grace Hospital Breast 
Unit in Curitiba (Brazil) that evaluated aesthetic and quality 
of life results after immediate breast reconstruction with 
definitive form-stable anatomical implants and contralateral 
symmetrization, comparing objective and subjective 
instruments, showed a positive impact on the quality of life Fig. 37.15 Implant extrusion with infection
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and excellent and good aesthetic results more frequent in the 
patient’s evaluation than by software and specialists [43]. 
There is a specific chapter about it.

37.9  Conclusions

Immediate breast reconstruction with anatomic implants 
associated with skin and nipple-sparing mastectomies repre-
sented one of the greatest advances in reconstructive breast 
cancer surgery in the past few years. It has a low level of 
complications. It decreases both the time spent in reconstruc-
tive surgeries and the number of surgeries for most patients. 
Surgical revisions of the reconstruction are still needed in 
some cases and are one of the biggest limitations. However, 
these are surgical procedures that represent minor risks, and 
many of the procedures can be performed under local anes-
thesia. Currently, this is our most commonly used technique 

in our departments due to its practicality, lack of long-term 
complications as we see with musculocutaneous flap, and 
satisfactory aesthetic results with the various anatomic 
implants available in the market.
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The Use of Acellular Dermal Matrices 
in Implant-Based Breast Reconstruction

Glyn Jones

Implant-based techniques are the most widely used 
approaches to breast reconstruction of the world today. In the 
United States alone, they account for six times the number of 
reconstructions compared with all autologous reconstructive 
techniques combined. Two-stage expander-implant recon-
struction is one of the most widely used forms of breast 
reconstruction, although single-stage direct-to-implant 
reconstruction is becoming increasingly popular. Despite the 
popularity of implant-based techniques, they have been 
fraught with the problems of capsular contracture, rippling 
of implants beneath the overlying thin skin envelope, and 
pseudoptosis of the device as the lower pole skin attenuates 
with time. Numerous solutions to these issues have been 
tried often with little success. During the past 14 years, acel-
lular dermal matrices have been increasingly incorporated 
into implant-based reconstructions and appear to offer a 
degree of resolution to many of these troublesome issues.

Additionally in recent years, there has been renewed 
interest in the pre-pectoral approach to breast reconstruction. 
This has included both two-stage and single-stage 
reconstructions, and both techniques have relied heavily on 
the use of ADM for their success. The results achieved with 
the pre-pectoral approach have been exceptionally good in 
terms of both form and function.

While autologous techniques remain the gold standard of 
breast reconstruction, for many surgeons, time constraints, 
resource allocation, availability of operating time, and 
decreasing reimbursement have all contributed to the ongoing 
popularity of prosthetic device-based techniques despite 
their problems. Many patients are also concerned about the 
magnitude of some of the autologous approaches, including 
free tissue transfer, and see implant reconstruction as a quick 
and relatively easy answer to their reconstructive needs. In 

the United States in 2015, implant-based reconstruction was 
performed six times more commonly than all autologous 
techniques combined.

Surgeons familiar with all of these approaches are only 
too painfully aware of some of the major negatives associ-
ated with implant reconstructions.

At the time of surgery, coverage of the device with pectora-
lis major provides upper pole cover which can reduce long-
term visible rippling of an underlying implant. Unfortunately 
inferomedial pectoralis major muscle release is complicated by 
window shade retraction of the muscle in a cephalad direction. 
Traditionally this has been countered by placing percutaneous 
sutures to anchor the muscle to the mastectomy skin envelope, 
an approach complicated by necrosis of marginally vascular-
ized skin. The technique only provides cover to the upper pole, 
leaving the lower pole devoid of anything but thin skin cover-
age. Attempts at raising rectus muscle or fascia and the serratus 
fascia laterally can aid in resolving this dilemma but come at 
the expense of creating tight banding across the bottom of the 
reconstruction right where fullness and suppleness are most 
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Problems with implant-based reconstruction:

• Window shading of the pectoralis muscle release
• Difficulty controlling the expander or implant 

pocket size and location
• Visible implant ripples
• Visible animation deformity
• Tightness and functional upper extremity 

limitation
• Postoperative infection
• Inadequate lower pole expansion
• Capsular contracture rates in the long term
• The negative impact of radiation on implant-based 
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necessary. Having a biologic material to bridge the gap between 
the caudal edge of pectoralis major and the inframammary 
crease provides reliable, supple cover which can stretch with 
time or expansion.

In addition to the dilemma of providing cover, surgeons are 
faced intraoperatively with the difficulty of maintaining an 
expander or implant in its exact location within a larger mas-
tectomy pocket than the device requires. Without the ability to 
control pocket size, particularly laterally, a device can shift or 
even rotate, creating major problems later. Having a biologic 
mesh to help shape and control pocket size is a desirable 
advantage in achieving excellent outcomes, particularly when 
one-stage direct-to-implant reconstructions are attempted. 
Tabbed expanders have made a significant difference in this 
regard, but the use of some form of mesh further enhances the 
surgeon’s ability to control pocket size and shape.

With the acute intraoperative issues dealt with, we face 
the task of achieving successful expansion with subsequent 
expander-implant exchange. Isolating a prosthetic device 
from the mastectomy space could potentially reduce infection 
and device loss.

Once exchanged for a permanent implant, we encounter 
the problem of visible rippling and wrinkling of the implant 
beneath the skin. While cohesive gel implants have reduced 
this issue substantially, it remains a cause for concern. Any 
biologic material that places more thickness between the 
skin and the implant can only serve to improve this 
troublesome problem and enhance esthetic outcomes.

Another significant issue encountered following implant 
reconstruction in the subpectoral plane is that of animation 
deformity. It can be found in almost all patients having a 
subpectoral implant-based reconstruction. Patients find this 
condition troubling, and its association with decreased 
pectoral muscle thickness and reduction in pectoral muscle 
power combines to make this a very distressing problem 
impacting patients’ lives on a daily basis. The use of a pre- 
pectoral approach to breast reconstruction has almost 
eliminated these two issues.

Probably the most troubling complication of all remains 
that of capsular contracture.

With all of these complications in mind, acellular dermal 
matrices have become a useful and simple adjunct to our 
surgical armamentarium, providing significant improvement 
in clinical outcomes. The last 15 years have seen a dramatic 
increase in the number of patients receiving postoperative 
radiation as radiation criteria have expanded to include 
earlier forms of breast cancer. Radiation exerts a negative 
influence on implant reconstruction by tightening the 
overlying skin envelope and increasing the incidence of 
capsular contracture, resulting in deteriorating symmetry 
and increasing deformity with time. Acellular dermal matri-
ces appear to be a valuable adjunct to improving the out-
comes of implant-based reconstruction.

In addition, the author has moved from two-stage 
expander-based subpectoral reconstruction to single-stage 
direct implant pre-pectoral reconstruction, which is greatly 
facilitated by the use of ADMs.

In the past 14  years, numerous biologic materials have 
been introduced for use in reconstructive breast surgical pro-
cedures. Theoretically biologically derived materials should 
allow a surgeon to achieve a better, more natural clinical out-
come than by using synthetic materials. However, along with 
the many choices in biologic materials available to plastic 
surgeons comes very little published data on most of these 
materials and considerable confusion as to the differences 
between them. Surgeons must be equipped with a fundamen-
tal understanding of these materials and how they work so 
they can make educated choices when developing a recon-
structive strategy.

38.1  Currently Available Biologic Materials

Numerous allogeneic and xenogeneic tissue scaffolds have 
been introduced commercially, and a table indicating the 
nature and source of some of the most widely marketed is 
shown in Table 38.1.

The goal of using regenerative tissue matrices in recon-
structive surgery is to establish an environment that enables 
the patient to “regenerate” tissue other than scar or foreign-
body capsule that mimics the autologous tissue and allows 
the surgeon to achieve an excellent outcome with durable 
esthetics and function.

38.2  Biologic Matrix Applications in Breast 
Reconstruction

Reconstructive options for using biologic matrices in breast 
reconstruction include the following:

• Implant reconstruction
• Expander reconstruction

Table 38.1 Biologic materials available for breast reconstruction

Name Company Source tissue
Alpha-gal 
removed

DermaMatrix MTF (Synthes) Human dermis N/A
Flex HD MTF (Ethicon) Human dermis N/A
Neoform/
AlloMax

Tutogen 
(Mentor)

Human dermis N/A

AlloDerm LifeCell Human dermis N/A
Strattice/Artia LifeCell Porcine dermis Yes
SurgiMend TEI 

Biosciences
Fetal bovine 
dermis

No

Veritas Synovis Bovine 
pericardium

No

G. Jones
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• Augmentation of the reconstructed nipple
• Abdominal wall reinforcement
• Reducing capsular contracture after radiation therapy

The aim of this chapter is to discuss the use of ADM in 
expander-implant reconstructions.

38.2.1  Subpectoral Implant Reconstruction

Patients undergoing skin-sparing mastectomy for breast can-
cer may be candidates for either immediate implant or 
expander insertion. Direct-to-implant insertion is becoming 
an increasingly attractive proposition as methods to assess 
skin viability become more available. Prerequisites for suc-
cessful direct-to-implant insertion include a well- vascularized 
skin envelope and adequate skin surface area. The use of 
indocyanine green-based fluorescence imaging has revolu-
tionized our ability to assess skin vascularity at the time of 
mastectomy. If the skin envelope is viable, an implant of 
similar size to the original breast volume may be inserted 
without fear of postoperative necrosis. Unfortunately, such 
implant placement requires accuracy of implant positioning 
and maintenance of that position if the esthetic outcome is to 
be acceptable to both patient and surgeon. The mastectomy 
pocket is, by definition, larger than the space occupied by the 
implant. The tendency for the implant is to fall laterally and 
inferiorly as well as to slide out from beneath the pectoralis 
major into a subcutaneous plane. To correct both of these 
issues, a sheet of acellular dermal matrix can be used to 
reduce both pectoralis major window shading and control-
ling the implant pocket dimensions and location. The larger 
the implant and the greater the degree of ptosis required, the 
larger this sheet of matrix should be. My personal preference 
for a sheet 8 × 16 cm in size for most subpectoral is expander 
reconstructions, while an additional 6 × 16 cm sheet may be 
necessary for large (700–800 cc) implant reconstructions. In 
addition, the surgeon can use AlloDerm as a lower pole rein-
forcement to reduce both lower pole implant rippling and 
long-term capsular contracture.

38.2.1.1  Operative Technique
The perfusion and viability of the mastectomy skin enve-
lope should be carefully assessed prior to committing to a 
direct- to- implant approach. It is the author’s preference to 
use indocyanine green laser fluorescence for this assess-
ment as it is quick, easy, and exceptionally accurate. The 
inferolateral border of pectoralis major is grasped with 
Alice tissue forceps (Fig. 38.1), and the subpectoral plane 
is entered (Fig. 38.2). Pectoralis major is released from 6 
to 3 o’clock on the right and 6 to 9 o’clock on the left 
(Fig. 38.2a) producing a release that gives rise to the win-
dow shade effect of the muscle. A sheet of AlloDerm or 

Strattice (LifeCell Corp., Branchburg, New Jersey) is 
washed for 2  min in saline to rinse off preservatives 
(Fig.  38.3). The superomedial corner of the matrix is 
sutured to the inferomedial cut edge of the pectoralis 
major muscle with running 2-0 polydioxanone suture 
(Fig. 38.4). The suture is run along the medial breast bor-
der (Fig. 38.5) and then across the curve of the inframam-
mary crease and can be sutured to a raised cuff of serratus 
anterior fascia laterally which provides additional domain 
for an implant if required. This creates an inferior sling of 
AlloDerm into which an implant or expander can be 
placed (Fig.  38.6). The device is placed beneath the 
AlloDerm inferiorly and the Strattice superiorly, follow-
ing which the caudal edge of pectoralis major is sewn to 
the cephalad edge of the AlloDerm with running 2-0 PDS 
suture (Fig. 38.7). This creates complete coverage of the 
implant with the mesh. It is essential that a drain be placed 

Fig. 38.1 The inferolateral border of pectoralis major is elevated with 
cautery

Fig. 38.2 The subpectoral plane is elevated
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between the AlloDerm and the overlying skin in order to 
minimize seroma formation which could inhibit contact 
between the mesh and the skin, thereby reducing vascular 
ingrowth and incorporation. The skin is then closed with 
absorbable subcutaneous and subcuticular sutures in a 
two-layer closure sealed with cyanoacrylate cement, 
Steri-Strips, and an occlusive waterproof dressing such as 
Tegaderm (Fig. 38.8).

38.2.1.2  Direct-to-Implant Reconstruction
This 55-year-old woman with cancer of the left breast and 
cancer phobia requested bilateral mastectomies with imme-
diate implant reconstruction. She was a nonsmoker and had 
well-perfused skin flaps. AlloDerm was placed in the lower 
poles of both breasts, and high-profile 650 cc gel implants 
were placed subpectorally. She is shown 9 months after nip-
ple reconstruction; the result is soft and stable, with good 
symmetry (Fig. 38.9).

Fig. 38.3 The pectoralis major muscle is elevated after incising the 
origin inferomedially

Fig. 38.4 The sheet of acellular dermal matrix is sutured to the cut 
origin of pectoralis major medially

Fig. 38.5 Suturing is continued inferiorly along the inframammary 
crease and laterally to serratus anterior fascia to complete the creation 
of an inferior sling of acellular dermal matrix

Fig. 38.6 The completed sling is shown

Fig. 38.7 The prosthetic device (expander or implant) is placed 
beneath the acellular dermal matrix inferiorly, and the matrix is sutured 
to the caudal border of pectoralis major muscle superiorly
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38.2.2  Expander Reconstruction

Tissue expander insertion after mastectomy is subject to the 
potential problems of poor lower pole coverage, expander 
migration, and capsular contracture. The use of ADM pro-
vides thicker lower pole coverage and support and may 
reduce capsular contracture. In addition, the complete cov-
erage of an expander by the muscle and ADM compartmen-
talizes the device from a potentially more contaminated 
mastectomy pocket. This may reduce acute infection rates 
associated with expanders and could increase expander sal-
vage in the presence of cellulitis of the mastectomy skin 
postoperatively. The technique of insertion is identical to 
that used with implant insertion. The expander should be 
inflated to the maximum intraoperative volume permissible 
that would allow adequate skin perfusion as it is preferable 
to have the matrix compressed up against the overlying mas-
tectomy skin to encourage vascular ingrowth into the matrix 

as rapidly as possible. Drain insertion is mandatory to pre-
vent seroma formation between the matrix and the skin 
(Fig. 38.10).

38.2.3  Pre-pectoral Direct-to-Implant 
Reconstruction

This technique has become my procedure choice for almost 
all implant-based breast reconstruction at this time. I no lon-
ger perform expander-implant two-stage reconstruction 
unless the patient has a dramatic lack of skin availability at 
the initial operation or if delayed reconstruction is planned. 
In the immediate sitting, the only time I will perform a sub-
pectoral implant-based direct implant reconstruction arises 
in the situation of a patient with an extremely close posterior 
tumor margin which threatens invasion of the pectoralis 
major muscle. Under such circumstances, traditional subpec-
toral reconstruction can be performed so as to allow the ante-
rior border of the pectoralis major muscle to lie immediately 
beneath the skin flap for long-term tumor recurrence 
monitoring.

For all other clinical scenarios, I use pre-pectoral implant 
placement in a direct-to-implant fashion. This technique has 
revolutionized my breast reconstruction results, creating 
much more natural breast contours as well as reducing the 
need for fat grafting and almost completely eliminating the 
problem of animation deformity. Postoperative recovery is 
much more comfortable given that the pectoralis major 
muscle does not have to be divided at any point and our 
motion at the shoulder is regained much more rapidly. There 
is absolutely no negative impact on upper extremity power.

38.2.3.1  Operative Technique
Once the mastectomy has been completed, skin viability is 
assessed with ICG perfusion techniques. This is invaluable Fig. 38.8 The completed closure with dressings applied

a b

Fig. 38.9 Pre and post operatory view 55y bilateral mastectomy with immediate implant reconstruction associate with AlloDerm placed in the 
lower poles of both breasts
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for determining whether or not the overlying mastectomy 
skin envelope will be able to tolerate the volume of the 
reconstruction without impacting skin viability negatively. I 
will typically insert a temporary breast size based on the 
mastectomy volume and staple the skin closed over the 
device. ICG perfusion is then performed, and if the skin 
appears healthy and well perfused, I proceed with direct 
implant reconstruction.

A sheet of 16  ×  20  cm ADM (AlloDerm, Strattice, or 
Artia—LifeCell Corp., Branchburg, NJ) is rinsed for 2 min 
to remove any preservative solution. The material can be per-
forated with a 3  mm dermatology punch unless the pre- 
perforated version is available. Once washed, I cut off the 
upper edges of the ADM to create a teardrop-shaped sheet of 
matrix which will aid in reducing the risk of implant rotation 
in the long term. Using this approach I have seen only 1 
implant rotation in over 150 patients operated on using pre- 
pectoral techniques.

The ADM is then placed into the pre-pectoral pocket and 
suited to the anterior aspect of the pectoralis major muscle using 
2-0 PDS.  Suturing is performed from 12 to 7  o’clock and 
12–5  o’clock, leaving an inferior access window open for 
implant insertion. Next, the implant pocket is copiously local-
ized with a liter of irrigation. I always start with a 50–50 dilution 
of Betadine solution, followed by a triple antibiotic solution 
containing 1  g of cefazolin, 80  mg of gentamicin, and 
50,000 units of bacitracin. I have added Betadine wash in recent 
months based on discussions with Clemens at MD Anderson 
Cancer Center, regarding the potential for development of breast 

implant-associated anaplastic  large- cell lymphoma. While there 
is no certainty regarding the etiology of this extremely rare con-
dition, there is some data suggesting that an association with 
bacterial contamination from Ralstonia pickettii may be an 
inducing agent. This organism is sensitive to Betadine but not 
chlorhexidine and can be further reduced by treating the patient 
with doxycycline postoperatively. It is now my preference to use 
doxycycline as my preferred postoperative antibiotic.

Having selected the appropriate implant size, I change 
my gloves, and I am the only person on the operative team 
to handle the implant. I always insert the device using a 
Keller Funnel, which allows for no contact with the skin 
insertion technique. The implant is carefully oriented 
within the pre- pectoral space. The ADM is then pulled taut 
over the surface of the implant and is sutured to the infra-
mammary crease with the remaining tails of running 2-0 
PDS.

A 15 French fully fluted round hubless channel drain is 
inserted between the skin and the ADM. If the mastectomy is 
particularly large, or an axillary dissection has been performed, 
I insert a second drain to this area (Figs. 38.11 and 38.12).

38.2.4  Augmentation of the Reconstructed 
Nipple

Nipple reconstructions undergo a degree of atrophy over 
time. Nipples reconstructed from expanded mastectomy skin 
are most prone to this phenomenon because of the thin dermis 

a b

Fig. 38.10 This patient underwent expander insertion after right mas-
tectomy for breast cancer. She had an implant exchange followed by 
radiation therapy and nipple reconstruction. No tattoo was performed.  

She is shown 1 year after treatment (a) Her breast remains soft and sym-
metry (b), with excellent shape and maintenance of symmetry despite 
radiation therapy

G. Jones
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a b

c d

Fig. 38.11 (a) The pre-pectoral pocket showing the skin elevated on 
the retractor and the pectoralis major muscle held in Allis tissue clamps. 
(b) The ADM sutured from 12 to 7  o’clock and 12–5  o’clock with 
running 2-0 PDS sutures, showing the ADM elevated with the skin flap 
and the pectoralis major muscle below. (c) The anatomic textured 

cohesive gel implant being inserted using a Keller Funnel, ensuring no 
contact between the implant and the skin. (d) The ADM draped over the 
lower pole of the implant and sutured to the inframammary crease with 
the remaining tails of 2-0 PDS
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present in breast skin and the lack of subcutaneous tissue fol-
lowing skin-sparing mastectomy. Several techniques have 
been used as possible solutions to this problem. These include 
staged autologous fat injection before elevation of the nipple-
skin flaps, implantation of additional autologous dermal 
grafts, or the use of commercially available ADMs. The latter 
technique obviates the need for a donor site.

Nahabedian and others have described the use of 
AlloDerm in secondary nipple reconstruction using C-V 
flaps, with satisfactory maintenance of projection over time. 
Although histologic evaluation of mature AlloDerm in the 
nipple has not been reported, Silverman conducted an animal 
study analyzing the cell repopulation and vascularization of 
AlloDerm sutured into a roll and implanted within a 
subcutaneous flap in rabbits. Results demonstrated 
revascularization of all layers of the matrix, with maintenance 
of projection.

38.2.4.1  Data Regarding Capsular Contracture 
in Non-radiated Patients

While numerous ADMs exist on the market today, many of 
them are products formerly used with varying degrees of 
success or failure in the hernia market, and few have 
undergone rigorous pre-market testing and clinical trials in 
breast surgery. Currently the most widely tested and used 
products are AlloDerm and Strattice, both developed and 
marketed by the LifeCell Corporation. This chapter is not 
intended to be an endorsement of any product or company 
but reflects the author’s experience with this particular 
product series as well as the fact that the literature is replete 
with hundreds of articles on the successful use of AlloDerm 
and Strattice in breast reconstruction, while there are few if 

any papers attesting to the long-term success of most of the 
other products. This data may, however, be forthcoming in 
the future, and comparisons will be interesting to observe.

Experience with AlloDerm in breast reconstruction goes 
back approximately 14  years. Capsular contracture data is 
steadily emerging, and more and more papers are attesting to 
the fact that ADM incorporation in immediate or delayed breast 
reconstruction appears to be associated with significant 
decreases in capsular contracture. Breuing reported a zero con-
tracture rate at 3 years in non-radiated breast in a series of 97 
immediate and 4 delayed reconstructions with either implants 
or expanders, while Salzburg has reported 0.5% contracture 
rates at 14 years for subpectoral direct-to-implant reconstruc-
tion. Most recently Sigalove and Maxwell reported 0% con-
tracture in a multicenter series of over 300 patients treated with 
two-stage expander-implant pre-pectoral reconstruction.

Although data to support this contention are still emerg-
ing, we are beginning to see an encouraging trend in this 
direction. Research in my own subpectoral patient popula-
tion has demonstrated grades II–III capsular contracture 
occurring in 22 of 79 breasts treated without ADM but only 
grade II contracture in 14 of 109 patients treated with 
ADM, the remainder being grade I. Infection rates between 
the two groups were similar, but expander salvage was sig-
nificantly higher in the ADM-treated patients than in those 
without ADM insertion. In our immediate pre-pectoral 
series of 70 direct-to-implant reconstructions, capsular 
contracture at 2.5  years has been 0% in non-irradiated 
breasts with a 3% periprosthetic infection rate requiring 
explantation.

Jansen reviewed the recent literature and found a spread 
of capsular contracture rates of 0–8% with AlloDerm usage, 

a b

Fig. 38.12 (a) Preoperative view of patient with right breast carci-
noma. (b) Same patient shown 1 year after right immediate single-stage 
pre- pectoral direct-to-implant reconstruction with ADM coverage over 

a cohesive gel anatomic implant. No symmetry surgery has been 
required for the contralateral normal breast

G. Jones
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all of which were well below reported averages for non- 
AlloDerm- based capsular contracture rates historically. Basu 
et  al. demonstrated a highly statistically significant differ-
ence in capsular structure histologically between conven-
tional fibrous capsules and the more elastic AlloDerm-based 
capsules seen with ADM usage resulting in more supple, soft 
clinical outcomes. In our own experience, we have seen a 
reduction in capsular contracture based on AlloDerm usage 
when compared with our historic controls of non-AlloDerm 
patients.

Capsular contracture 
grade

No AlloDerm used 
(%)

AlloDerm used 
(%)

I 72 87.1
II 21.5 1.6
III 6.3 0
IV 0 0

38.2.4.2  Data Regarding Reduction of Capsular 
Contracture After Radiation Therapy

Expander-implant reconstruction in the face of prior or sub-
sequent radiation therapy has been associated with worse 
clinical outcomes than in the non-radiated patient population. 
Spear demonstrated dramatically increased complication 
rates, including capsular contracture, distortion, increased 
infection rates, and loss of the reconstruction. He reported an 
84% complication rate, with 39% of patients requiring 
conversion to an autologous technique. The incorporation of 
ADMs into expander-implant reconstruction appears to be 
helpful in reducing these complications based on 5-year 
observations in our practice.

The stimulus for their use was triggered by some of the 
earlier animal studies suggesting that subcutaneous 
AlloDerm insertion followed by radiation therapy did not 
appear to adversely affect vascularization, cell density, or 
graft thickness. In our own early data in patients undergoing 
adjuvant radiation therapy, only two of eight breasts (25%) 
treated with ADM developed grade II capsular contracture, 
whereas six of seven breasts (85%) without ADM developed 
grade II to III capsular contracture (p < 0.05). Of these non- 
AlloDerm- radiated patients, 14% were grade II, while 71% 
were grade III capsules, a highly significant difference 
between the two groups. This trend has been borne out over 
a 5-year period. We have been so impressed by these 
sustained outcomes that conversion to autologous 
reconstruction after radiated implant reconstruction has 
decreased by at least 50% in our practice. Furthermore, the 
patients who have maintained an implant-based 
reconstruction in the face of radiation have maintained at 
most a grade II capsule without progression to grade III or IV 
capsules as was so common in the past. The trend has saved 

both patient morbidity and health-care costs in this important 
patient subset.

38.2.4.3  Data on Cost Analysis
An additional cause of concern about the use of ADMs in 
breast reconstruction has been the issue of cost. Jansen et al. 
reviewed cost outcome analyses of AlloDerm usage based on 
the Canadian health-care system and found that AlloDerm 
usage reduced operative times and postoperative 
complications resulting in less take backs, greater usage of 
direct-to-implant reconstruction, and less re-operative events 
for capsular contracture. Based on their estimates, direct-to- 
implant reconstruction with AlloDerm was particularly 
cost-effective.

38.2.4.4  Data on Infection Rates
Infection following expander-implant reconstruction is a 
major cause of postoperative morbidity. This is exacerbated 
by radiation therapy as evidenced by Spear’s data. While 
user experience and familiarity with the product may affect 
infection rates, the use of ADMs certainly does not seem to 
increase infection rates and may even decrease them due to 
separation of the mastectomy pocket from the implant 
pocket by both the pectoralis major muscle and the 
ADM.  Nahabedian found that in their series, the use of 
ADM neither increased nor decreased infection rates in 
expander-implant reconstruction, a conclusion which is 
similar to our own experience. In our current series of 70 
patients treated with pre-pectoral direct-to-implant recon-
struction and 49 patients treated with pre-pectoral conver-
sions for animation deformity, infection rates have been 3% 
and 0%, respectively.

38.3  Conclusion

Acellular dermal matrices have assumed a pivotal role in the 
prevention of complications of expander-implant-based 
breast reconstruction. An increasing body of data from 
multiple centers confirms this trend. While costly at the 
outset, the short-, medium-, and long-term benefits of these 
materials far outweigh the negatives associated with their 
use, and it is likely that they will become a standard of care 
in the management of expander-implant-based breast 
reconstruction in the future.

Pre-pectoral reconstruction as a single-stage immediate 
direct-to-implant approach has become the author’s preferred 
technique for immediate reconstruction in 95% of implant- 
based reconstructions. Traditional two-stage expander- 
implant reconstruction is now reserved only for patients who 
have too little skin available at the time of mastectomy or 
who require delayed reconstruction in my practice.
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Immediate Implant-/ADM-Based  
Breast Reconstruction

Michel Sheflan, Iain Brown, and Tanir M. Allweis

39.1  Introduction

Implant-based breast reconstruction continues to be the 
mainstay of the reconstructive repertoire and yet remains a 
challenge. While the use of an implant may appear to be the 
simplest and most straightforward option, this apparent sim-
plicity belies subtle complexity, which must be overcome if 
a predictable, natural-appearing and reliable reconstruction 
is to be created. Awareness of potential complications and 
risk factors for postoperative and long-term complications is 
paramount if these are to be minimised.

Successful outcomes require:

39.1.1  Individualised Selection, Analysis 
and Planning

As with any other technique, implant-based breast recon-
struction requires the careful analysis of the patient’s general 
health and body habitus, oncological status, specific tissue 
characteristics and bio-dimensional measurements and care-
ful consideration of individual desires and expectations as 
well as planned postoperative therapy such as irradiation.

The surgeon must:

• Have an understanding and appreciation of the individual 
aesthetic components that contribute to the ‘natural’ 
breast form (a gradual upper pole, proportionate lower 

pole curvature, medial-to-lateral take-off and defined 
infra-mammary and lateral folds).

• In patients with breast cancer, be cognizant of tumour 
location and extent, the need to achieve negative margins, 
and whether or not postoperative radiation is being 
planned.

• Be able to select the correct implant to recreate the natural 
breast form and fit to the patient’s specific soft tissue limi-
tations, capacity and desires if possible.

39.1.2  Creation of a Perfect Skin Envelope

The perfect reconstruction begins with the perfect mastec-
tomy; an oncologically sound dissection must not compro-
mise the viability of the skin envelope. With careful planning 
and technical care, it is commonly possible to preserve an 
optimal thickness of well-perfused skin to drape over the 
implant, muscle and ADM.

When sentinel lymph node biopsy or axillary lymph node 
dissection is indicated, it is often better to perform it through 
a separate axillary incision rather than risk crushing the sub-
dermal plexus in the upper outer quadrant with retractors in 
order to gain exposure of the axilla.

Another point to consider regarding axillary surgery in 
conjunction with breast reconstruction is that of lymphatic 
mapping for identification of the sentinel lymph node. The 
agents used for mapping are either colloid-bound Tc99 or 
blue dye (isosulfan or patent blue) or both. The blue dye, 
even when injected into the breast parenchyma, often seeps 
into the skin and creates a blue discoloration which persists 
for months and may interfere with evaluation of flap viability 
in the immediate postoperative period. We prefer using the 
isotope alone for sentinel lymph node identification, and 
adding blue dye only in cases where isotope uptake is not 
apparent on lymphoscintigraphy, or when dual tracer is 
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required, such as after neoadjuvant chemotherapy, especially 
if lymph node was documented at the time of diagnosis.

39.1.3  Creation of a Stable Pocket  
(Internal Domain)

The standard complete sub-muscular pocket has largely been 
abandoned since the introduction of ADMs, as it often fails to 
produce natural ptosis and projection or create a well-defined 
infra- mammary fold. Implant malposition, capsule contrac-
ture and increasing asymmetry are common after reconstruc-
tion with a complete sub-muscular pocket. Hence there may 
be an increased need for additional, revisional procedures to 
the reconstructed side, the contralateral breast or both. Further 
surgeries may be avoided if a natural ptosis is achieved with 
the primary reconstruction, and capsule contracture is dra-
matically reduced using ADM in the primary surgery.

The use of enhanced lower pole support to the upper sub-
pectoral pocket with an acellular dermal matrix (ADM) or a 
de-epithelialised lower pole dermal sling (LPS) in selected 
patients may overcome many of these challenges. The cre-
ation of a precise, stable pocket improves the likelihood of a 
long-term fit between tissues and implant and hence a more 
reliable and predictable long-term outcome. While there is 
good evidence that ADMs reduce the incidence of capsular 
contracture, no such data exists to support the use of LPS.

39.1.4  The Case for Lower Pole Support

39.1.4.1  Better Support of the Implant
By creating a partial subpectoral pocket with a lower pole 
dermal sling (LPS) or an acellular dermal matrix (ADM), the 
implant device is positioned in such a way as to cradle the 
lower pole of the implant between the cut end of the muscle 
and the IMF and offload pressure of the overlying soft tissues 
at the most dependent portion of the reconstructed breast. 
Recent advances in pre Pectoral implant/ADM positioning 
has gained popularityu in the last two years and has been our 
“go to” choice whenever possible.

39.1.4.2  Better Defined IMF
Whether the infra-mammary fold (IMF) is sutured, as with 
use of an ADM, or reinforced with a dermal lower pole sling 
(LPS), the implant is cradled above and anterior to the fixed 
IMF. This produces a more natural ptosis, with the IMF hid-
den behind the lower breast curvature.

39.1.4.3  Better Defined and Anchored LMF
The lateral contour and overall breast shape are further 
defined by a smooth but nevertheless fixed lateral mammary 

fold (LMF). Whether the LMF is created with accurate 
lateral suturing of the ADM, or precise sub-serratus anterior 
lateral pocket dissection (as in the LPS technique), a smooth, 
natural and more predictable lateral curvature can be 
achieved. This prevents lateral shift of the implant and medial 
cleavage depression. Suturing the ADM to the lateral 
confines of the implants prevents lateral implant drift and a 
stepped cleavage when patient lies supine. The serratus 
anterior muscle has not been elevated for lateral coverage 
and definition in any of our patients. As the implant is always 
narrower based than the breast footprint, it is always neces-
sary to obliterate the lateral gutter of the breast with sutures 
to prevent dead space, seroma and infection.

39.1.4.4  More Natural Medial-to-Lateral 
‘Take-Off’

For optimal cleavage and gradual medial ‘take-off’, the 
implant must rest as medially as possible in the pocket 
created. Careful fixation of the ADM to the most medial 
divided fibres of the pectoral muscle allows the surgeon to 
control this area of the pocket. It is also essential to choose 
the correct width of the device and adequate lateral control to 
optimise the implant’s medial position.

39.1.4.5  More Possibility of Using a Fixed 
Volume vs a Double Lumen Device

Even with an adequate, tension-free, healthy skin envelope, a 
traditional complete subpectoral pocket does not allow for 
direct to definitive implant in the first setting. While, perma-
nent shaped-adjustable (combined expander/implant) devices 
have improved outcomes [1–3], the use of an ADM made one-
stage reconstruction with a definitive fixed volume implant 
possible. If volume is not adequate, or there are concerns 
about skin envelope viability, then a tissue expander with an 
ADM will produce a more natural breast than a standard com-
plete sub- muscular pocket. Gradual expansion is carried out 
after an initial healing and relaxation phase to allow a more 
predictable descent to the final natural outcome. A definitive 
somooth round or shaped textured device is placed in the sec-
ond surgery often combined with fat grafting.

39.1.4.6  Reduced Need for Contralateral 
Surgery

The use of a LPS or ADM creates a more natural final breast 
aesthetic than a traditional complete sub-muscular 
reconstruction. There is therefore a greater likelihood of 
achieving an initial match with the contralateral breast. 
Producing a stable long-term outcome will also improve the 
chances of maintaining symmetry thus reducing the need for 
contralateral surgery later [4].

With lower pole support techniques, it becomes possible 
to offer an implant-based reconstruction to women who, in 
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the past, may have declined because they were reluctant to 
have surgery to their contralateral (healthy) breast.

39.1.4.7  Better Harmony of Tissues and Device
In the authors’ experience, the use of an ADM creates a bet-
ter harmony between the device and patient’s tissues, thus 
creating a stable pocket, like a ‘hand in glove’. The ADM 
and LPS both cover the lower two thirds of the implant, 
resulting in decreased compression of the soft tissues (pecto-
ralis and lower pole skin envelope). A more stable environ-
ment is therefore created, with a better distribution of 
pressure by the implant. Using ADM to enhance lower pole 
support has led to a reduction in capsular contracture and re-
operation rates.

Better perfusion of soft tissue microcirculation may help 
to minimise both acute radiotherapy-induced vasculitis and 
long-term objectionable fibrotic sequelae of radiation therapy 
and hence offer some protection against radiotherapy- 
induced complications.

39.1.5  The ‘Lower Pole Sling’ (LPS) or Acellular 
Dermal Matrix (ADM)?

39.1.5.1  Selection of the Lower Pole Sling 
Technique

The LPS technique is well suited to patients with larger, ptotic 
breasts, who desire a smaller volume and a more uplifted final 
breast. It is also reserved for surgeons familiar and experi-
enced in this type of surgery. The technique involves a skin-
reducing mastectomy (SRM) using a ‘Wise- pattern’ breast 
reduction design, resulting in a section of excess lower pole 
skin, hinged on the IMF. When this area between the legs of 
the wise pattern is de-epithelialised, it provides a vascularised 
autologous lower pole dermal support [5, 6].

A well-perfused non-traumatised skin envelope after 
mastectomy is essential for a good outcome in immediate 
reconstruction [7–9], but never is this better demonstrated 
than when using the LPS technique. Problems with skin 
envelope perfusion, ischemia and necrosis with risk of 
infection and need for implant removal have discouraged 
many surgeons from using this technique (see Sect. 
1.8.1).

The likelihood of envelope necrosis or wound healing 
complications is increased in certain scenarios. Although not 
contraindicated, obese patients, patients with a history, 
smoking, prior breast irradiation and small vessel disease 
should be advised of an elevated risk of immediate 
postoperative complications which may lead to failure of the 
reconstruction. Many surgeons that have ADMs available 
and reimbursable in their countries have abandoned the use 

of LPS due to necrotic complications in the overlying skin 
envelope along both sides of the vertical scar in the lowert 
pole.

In selected patients by experienced surgeons, this tech-
nique may still be useful.

39.1.5.2  Selection of the Acellular Dermal 
Matrix Technique

Most patients and most surgeons managing immediate 
implant-based breast reconstruction in either one or two 
stages have been using ADM to provide lower pole support 
for the last ten years.

There are several different types of ADM currently avail-
able and other innovative materials already in the advanced 
stages of product development (Table 39.1). The choice of 
ADM must consider several factors: size, cost, thickness, 
solid or meshed, perforated, and fenestrated products.

• Other considerations are: Immune reactivity, i.e. host 
adoption without inflammation.

• Handling properties.
• Structural support and tensile strength.
• Collagen matrix properties (no chemical cross linking).
• Tissue incorporation and integration ability.
• Tissue regeneration ability.
• Matrix revascularisation ability.

ADMs are produced from allogenic human cadaveric/bar-
iatric dermis or from xenogenic tissues (porcine or bovine; 
dermis, pericardium or intestinal submucosa). They differ in 
thickness from less than 1 to 3 mm, with the latter best suited 
for cosmetic purposes where bulking is desired or for large 
ventral abdominal hernias, where more strength is desired.

While human-derived ADMs typically come in various 
rectangular sizes, some xenogenic ADMs are provided in 
shapes more suited to the subsequent three-dimensional 
conformation a flat sheet will take when placed over an 
implant. Such shaping, as well as pre-made fenestrations, 
helps the ADM to conform to the implant profile without 
pleating or wrinkling. In the last three years we have chosen 
a 2:1 meshed Bovine derived Adm.

The senior author (MS), having used human cadaveric, 
porcine-derived and bovine-derived ADMs for 10 years, has 
a preferance of the latter in most patients.

SurgiMend, a foetal bovine-derived ADM, has the follow-
ing advantages: predictable thickness, terminally sterile, 
30% type 3 collagen, non-cross-linked, fine fenestrations or 
2:1 mesh, and variable shapes.

39 Immediate Implant-/ADM-Based Breast Reconstruction
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39.1.6  Technique and Surgical Considerations

39.1.6.1  The Perfect Skin-Sparing Mastectomy
The perfect breast reconstruction depends much upon the 
perfect mastectomy. Although the planning, decision-making 
and technical execution of the reconstructive component are 
important, many of the short- and long-term complications 
from immediate reconstruction are mostly related to a 
suboptimal mastectomy, with irregular, traumatised and/or 
ischaemic skin flaps.

Who Should Perform the Mastectomy?
It is not important whether a general or plastic surgeon per-
forms the mastectomy, provided they have the appropriate 
training and skills to find and then stay within the mastectomy 
plane and handle the skin flaps delicately while assuring that 
all breast tissue (in cases of risk-reducing mastectomy) and 
all the tumour (in cases of breast cancer) are removed.

Where Is the Mastectomy Plane?
The mastectomy plane lies between the subcutaneous fat and 
the superficial fascia of the breast, crossed by the ligaments of 
Cooper that travel through the subcutaneous fat to anchor in 
the dermis. There is a conventional view that the superficial 
fascial plane is not reliably present and thus the plane may not 
always be identifiable. This appears to be based on an often-
quoted small observational study [10] of breast reduction 
specimens. There is however a compelling embryological 
explanation for the constant presence of this fascia, even if 
patient factors (extremes of BMI) or surgical factors (poor or 
closed techniques) mean that it is not always visualised. The 
superficial fascia is formed as a condensation from the sixth 
embryological week, when the primary ectodermal breast 
bud invaginates into the underlying mesochyme [11].

Regardless of technique and instruments used, achieving 
the correct dissection plane is essential for optimal 
oncological safety and viability of the skin envelope. A ‘thin’ 
or traumatised skin flap is more likely to have compromised 
perfusion. A ‘thick’ skin flap is more likely to carry residual 
breast tissue with an unnecessary increased risk of future 
disease or local recurrence. There are several well-designed 
studies that demonstrate residual breast tissue left on mastec-
tomy skin flaps in up to 50% of biopsies looked at [12–14]. 
Without evidence of intact superficial fascia on the mastec-
tomy specimens removed, such studies should be interpreted 
with caution.

It should be remembered that the subcutaneous fat thick-
ness is proportionate to a patients BMI and body habitus and 
is therefore ‘patient-dependent’. Mastectomy skin flap is 
however surgeon-dependent. It should be possible to aim for 

complete removal of the breast tissue, and breast surgeons 
should continue to strive for the cleanest possible dissection 
in the plane, i.e. over the fascia, with division of ligaments of 
Cooper as close to the subcutaneous fat as possible.

Mammography in general and high-definition breast 
tomosynthesis in particular may help preoperatively identify 
the thickness of the subcutaneous fat. Clearly subcutaneous 
fat thickness varies from one patient to another and with it 
the depth of the subdermal plexus (Malliniac 1943). Leaving 
paper-thin mastectomy flaps in all patients therefore makes 
no sense.

What Is the Best Technique for Performing  
Skin- Sparing Mastectomy?
Planning the mastectomy must take into account the three- 
dimensional shape of the envelope, the likely tension on the 
skin and the access that the incision will give, for both the 
least traumatic removal of the gland and the safest, most 
accurate insertion of the implant.

Once the optimal amount of skin (± nipple) for the best 
envelope and reconstruction has been decided upon, the joint 
surgical objectives are:

• To optimise oncological safety—removing all breast tis-
sue while respecting the mastectomy plane and envelope 
landmarks.

• To optimise envelope viability—not compromising the 
perfusion of the skin envelope.

There is no agreement, or need there be, of a single best 
technique for carrying out skin-sparing mastectomy. Some 
surgeons find infiltration helpful to develop the plane (with 
or without adrenaline). Alternatively, a dry technique with 
direct visualisation of the fascia and ligaments may be 
preferred. Scalpel, scissors, diathermy electro-dissection, 
ultrasound, laser and argon all have their advocates. In 
selecting the technique for mastectomy, every surgeon must 
decide how best to reconcile the compromise between ease 
of dissection, speed, haemostasis and the development of 
complications such as seroma, haematoma or skin necrosis. 
In general, sharp instruments (knives and sharp-tipped 
scissors) should be kept at a distance from the subdermal 
plexus as they may irreparably injure it.

Finally, the appropriate selection of technique and instru-
ment to use for a specific mastectomy should be based not on 
a surgeon’s routine preference but after consideration of that 
patient’s individual soft tissue characteristics and risk factors 
for skin necrosis (obesity, smoking status, previous radia-
tion, breast size, etc.).

39 Immediate Implant-/ADM-Based Breast Reconstruction
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39.1.6.2  Classification of Skin-Sparing 
Mastectomy with Use of ADM 
Technique (Algorithm 1)

Immediate
Implant-Based
Reconstruction
with Lower Pole

Support

Nipple Sacrificing
Skin Sparing
Mastectomy

(SSM)

Small -
Medium
Volume 

(No Ptosis)

Short 
Ellipse

ADM

Medium -
Large

Volume
(Ptosis)

Trans-
vertical 

ADM

Wise 
Pattern

LPS

Nipple Sparing
Skin Sparing
Mastectomy

(NSM)

Small -
Medium
Volume

(No Ptosis)

IMF 
Incision

ADM

Medium -
Large Volume

(Ptosis)

Wise Pattern
(dermal pedicle or
free nipple graft)

LPS

 

 Skin-Sparing Mastectomy (SSM)  
in the Non-ptotic Breast
When the nipple is to be sacrificed, our preference is for a 
short ellipse including the nipple with an oblique orientation. 
Dimensions and exact orientation of the ellipse should take 
into account the desired final three-dimensional shape and 
volume of the breast. The incision must be large enough to 
allow safe access for mastectomy and accurate insetting of 
the ADM. Excess skin should be excised with caution and 
after consideration of the characteristics of the skin envelope 
(elasticity, compliance, possible perfusion problems) as well 
as how to achieve a comfortable fit between implant domain 
and skin envelope. It is always possible to modify and excise 
further, if there is large skin excess when the envelope is 
 re-draped over the newly created mound. The oblique scar 
created is usually not conspicuous after nipple-areolar recon-
struction (Fig. 39.1a–e).

Skin-Reducing Mastectomy (SRM) in the Large  
or Ptotic Breast
If an ADM is to be used rather than a lower pole dermal 
sling, then our preference is for the trans-vertical approach 

which combines two vectored skin excisions—the larger 
horizontal one is placed lateral or oblique to the nipple areola 
complex (NAC), and the shorter vertical elliptical excision 
overlaps the former in the NAC area. The resultant skin 
envelope has a more pleasing final shape and a better posi-
tioned scar than if a longer wider oblique or transverse 
ellipse is used. The trans-vertical approach avoids the poten-
tial ischaemia-related wound healing problems encountered 
by some surgeons when using the Wise-pattern skin enve-
lope (Figs. 39.2a–c and 39.3a–d).

Nipple-Sparing Mastectomy (NSM)  
in the Small- to Moderate-Sized Breast
Traditional periareolar and circumareolar incisions have been 
shown in the best centres to have an increased risk of nipple-
areolar necrosis [15, 16]. Although it is possible to use an 
oblique upper outer quadrant incision, our preference is for 
the use of an infra-mammary incision whenever possible. 
While this is more technically challenging, there is even less 
of a risk to nipple viability. The resultant access to the lower 
pole is ideal for the accurate insertion of the ADM and affords 
precise control and fixation of the infra-mammary fold. 

M. Sheflan et al.
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Fig. 39.1 (a–e) Left skin-sparing mastectomy (270 g) with short ellip-
tical oblique incision and two-stage reconstruction with expander and 
ADM (Natrelle Style 133 MX500, SurgiMend 10 cm × 15 cm) and then 
definitive implant (Natrelle Style 410 MX550). Contralateral right 

dual-plane augmentation at first stage (Natrelle Style 410 MM280). 
Pre- and postoperative views demonstrating intermediate and final 
outcome following refinement with fat grafting (in section “Who 
Should Perform the Mastectomy?”)

a

b

c
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d

e

Fig. 39.1 (continued)

It  also produces a very favourable and ‘hidden’ scar 
(Figs. 39.4a–f and 39.5a–c).

As mentioned earlier, the technique and instrumentation 
chosen for mastectomy through the IMF incision are less 
important than the surgeon’s ability to produce a healthy, 
non-traumatised skin envelope and a well-perfused nipple. 
Where access is difficult, the use of a headlight and delicate 
use of retractors are essential. Great care must be taken by 
the surgeon and assistant to avoid mechanical crush to the 
lower pole skin. An endoscope may be useful in the larger 
breast (video-assisted mastectomy) for direct visualisation 
of the medial, superior and lateral extent of the envelope, 
thus minimising retraction injury or damage to the important 
skin perforator vessels.

Although the risk of occult nipple involvement or future 
nipple disease is acceptably low, provided predictive criteria 
for further nipple disease are followed [17, 18], we would 
still recommend a sub-areolar ductal biopsy in all cases of 
nipple preservation with intraoperative frozen section. This 
requires close collaboration with an experienced histopa-
thologist, with a low false-negative rate for detecting occult 
disease on frozen section. Others may prefer to perform pre-
operative MRI, staged sub-areolar duct excision or sub-areo-
lar vacuum-assisted biopsy, prior to making a decision about 
the safety of nipple preservation. If the frozen section (or 
subsequent pathology report) demonstrates occult sub-areo-
lar disease, then the nipple must be excised intra- operatively 
(or at a second procedure).

M. Sheflan et al.
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Fig. 39.2 (a–c) Skin-reducing mastectomy with trans-vertical incision 
and immediate implant and ADM reconstruction (Natrelle Style 410 
FX615, SurgiMend 10 cm × 20 cm). Pre- and postoperative views: a 

42-year-old with multifocal carcinoma right breast (872 g) (in section 
“Skin-Reducing Mastectomy (SRM) in the Large or Ptotic Breast”)

a

b
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c

Fig. 39.2 (continued)

Previous concerns regarding the oncological safety of 
nipple preservation in breast cancer patients appear to have 
been overcautious, as the nipple is only rarely the site of 
tumour recurrence.

39.1.6.3  Classification of Skin-Reducing 
Mastectomy with the LPS Technique 
(Algorithm 1)

Skin-Reducing Mastectomy (SRM) in the Large 
and Ptotic Breast
A ‘Wise-pattern’ skin excision provides both excellent 
access for mastectomy and creates the surplus lower pole 
skin necessary to create the de-epithelialised LPS and a natu-
ral ptosis. Great care must be taken to avoid tension on clo-
sure caused by excising the skin too widely, particularly at 
the ‘T-junction’. This can be prevented by intentionally leav-
ing the vertical limbs 1–2  cm longer than for a standard 
Wise-pattern marking or wedging a skin dart into the 
T-junction. The vertical scar is subsequently concertinaed to 
below the height of the maximum projection of the breast 
mound (after the definitive implant volume is in place or the 
maximum temporary implant volume has been inserted into 
the expander).

The LPS is fixed internally to reinforce the infra-mam-
mary fold with interrupted absorbable sutures. This stops the 
IMF from drifting down under the weight of the implant, 
which then will rest in the dermal sling in front of the fixed 
IMF. A stable IMF facilitates an evolving but predictable 
natural ptosis (Figs. 39.6a–g and 39.7a–c).

When using the LPS, it should be remembered that unlike 
the relatively non-distensible ADM, the autologous LPS is 
stretchable. Even with a fixed IMF, one should avoid the use 
of excessively large implants, which may lead to ‘over-
stretching’ of the lower pole and a ‘bottomed-out’ appear-
ance over time.

Nipple-Sparing Mastectomy (NSM)  
in the Ptotic Breast
A ‘Wise-pattern’ skin reduction may be carried out with 
preservation of the nipple-areolar complex on a superior or 
superior-medial dermal pedicle. The LPS may then be cre-
ated and inset in the standard method. Nipple viability is 
increasingly at risk, the larger the skin envelope and the 
greater the elevation required to achieve its new position on 
the reconstructed breast mound. If more than 3–4 cm of ele-
vation is required and the patient wishes to keep her nipple, 
then our preference would be for a free transplantation of the 
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Fig. 39.3 (a–d ) Bilateral skin-reducing mastectomies with trans- 
vertical incisions and immediate implant and ADM reconstructions 
(Natrelle Style 410 FF335, SurgiMend 10  cm  ×  15  cm). Pre- and 

postoperative views: a 47-year-old, BRCA1 carrier (right breast 295 g, 
left breast 315 g) (in section “Skin-Reducing Mastectomy (SRM) in the 
Large or Ptotic Breast”)

a

b
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c

d

Fig. 39.3 (continued)
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Fig. 39.4 (a–f) Bilateral nipple-sparing mastectomy with infra- 
mammary incision and immediate implant and ADM reconstructions 
(Natrelle Style 410 MX325, SurgiMend 10  cm  ×  15  cm). Pre- and 
postoperative views: a 38-year-old, BRCA1 gene carrier with carcinoma 

right breast (120 g) and risk-reducing mastectomy left breast (133 g) (in 
section “Nipple-Sparing Mastectomy (NSM) in the Small- to Moderate- 
Sized Breast”)

a

b
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d

Fig. 39.4 (continued)
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Fig. 39.4 (continued)

39 Immediate Implant-/ADM-Based Breast Reconstruction



516

Fig. 39.5 (a–c) Nipple-sparing mastectomy with infra-mammary inci-
sions and immediate implant and ADM reconstructions (Natrelle Style 
410 FX410, SurgiMend 10 cm × 15 cm). Pre- and postoperative views: 
a 35-year-old requiring completion right mastectomy (350  g) after 

incomplete excision of carcinoma (wide excision 75  g) (in section 
“Nipple-Sparing Mastectomy (NSM) in the Small- to Moderate-Sized 
Breast”)

a

b
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c

Fig. 39.5 (continued)

nipple-areolar complex as a full thickness graft onto a de-
epithelialised recipient areolar bed.

39.1.7  Implant Selection

39.1.7.1  Definitive Implant vs Tissue  
Expander

In deciding whether to use a fixed volume or variable volume 
adjustable implant, the surgeon must consider both the qual-
ity and the quantity of the skin envelope. These may restrict 
the initial volume of the device to be implanted.

Skin Envelope Tension/Viability Restricting Implant 
Volume
There are several reasons why the skin envelope may still 
prevent the use of a definitive final fixed volume implant:

• Previously irradiated skin (e.g. following lumpectomy 
and irradiation) may not initially accommodate the 
intended implant volume.

• If for oncological safety more skin needs to be excised at 
mastectomy than planned like in SRM.

• The perfusion and hence viability of the skin envelope are 
uncertain after the mastectomy. This can be assessed 
more accurately using intraoperative full-field laser 
Doppler imaging technology (Sect. 1.8.1) or SPY 
technology.

Pocket Characteristics Restricting Implant Volume
Intra-operatively the composite pocket of pectoralis and der-
mal support may also be found to prevent use of the final 
planned volume. Reasons for this may or may not be predict-
able preoperatively:

• Previously irradiated chest wall—progressive atrophic 
change and fibrosis may lead to a reduced compliance of 
the pectoralis major muscle.

• Poor quality and adequacy of muscle.
• Traumatised or resected pectoralis following the skin- 

sparing mastectomy.

The use of a variable volume device can partially over-
come some of these problems. With the expander implant 
devices currently available (e.g. Natrelle Style 150 
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Fig. 39.6 (a–g) Sequential bilateral skin-reducing mastectomies with 
Wise-pattern incision and lower pole sling technique with adjustable 
volume expander/implants (Natrelle Style 150s–SH520). Pre- and 
postoperative views: a 51-year-old after left mastectomy (630 g) for 

multifocal high-grade DCIS followed by right mastectomy (675 g) for 
risk reduction 1 year later. Demonstrating reliability and reproducibility 
of outcomes (in section “Skin Reducing Mastectomy (SRM) in the 
Large and Ptotic Breast”)

a

b

c
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Fig. 39.6 (continued)
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g

Fig. 39.6 (continued)

(Allergan), Becker 35 (Mentor)), it may still be possible to 
offer a one-stage solution. Gradual expansion may then take 
place after the initial relaxation and healing phase, as an out-
patient procedure over the subsequent weeks. The long- term 
disadvantage of double-lumen, adjustable volume implants 
is that they feel less natural long term, have more visible 
wrinkles than fixed volume form stable implants and tend to 
fail more. In cases where it is deemed safer to have a mini-
mal initial volume in the pocket (or to have the ability to 
completely remove any tension from the soft tissues if skin 
envelope viability is threatened), then a shaped tissue 
expander, such as the Natrelle Style 133 (Allergan), may be 
used. Second-stage exchange to a permanent fixed volume 
device would take place only once final expansion and 
desired volume are settled upon.

39.1.7.2  Implant Selection/Dimension 
Assessment

Base Width
The defining dimension for a natural breast shape is the base 
width. The desired breast width may be assessed preopera-
tively in discussions with the patient and with demonstration 
of likely positions of cleavage medially and breast contour 
laterally. Allowing for overlying soft tissue, the estimated 
base width of the implantable device is approximately 1.0–
1.5 cm (the average soft tissue pinch thickness) less than the 
desired breast width.

Intra-operatively, the final base width of the device can be 
measured more accurately by direct measurement of the 
pocket created. The authors prefer to have a range of base 
widths available above and below the predicted preoperative 
implant width.

Implant Height
With the available matrices of shaped anatomical or round 
devices, there is a choice of available implant heights for any 
given base width. The implant height selected must take into 
account the preoperative patient-specific chest wall charac-
teristics. A greater height implant than the natural breast base 
height may prevent a ‘step-off’ deformity in situations where 
excess chest wall subcutaneous tissue has been excised 
beyond the visible upper pole of the breast due to an overen-
thusiastic mastectomy. The final height of the pocket can be 
re-assessed intra-operatively before the final implant 
 selection is made. In the last three years and whenever pos-
sible a round smooth implant has been chosed for bilateral 
reconstruction.

39.1.8  ADM-Based Lower Pole Support: 
Technical Points (Fig. 39.8 )

39.1.8.1  ADM Insertion
After mastectomy, the pectoralis major is divided from its 
origin inferiorly and medially (3 or 9 o’clock position, 
respectively). Posterior-laterally the pectoralis major is freed 
from underlying pectoralis minor.

Depending on the choice of ADM, it may need to be cut 
to an appropriate curved shape. Our preference is for a 
 semi- oval sheet of SurgiMend, a terminally sterilised bovine- 
derived ADM, which is fenestrated and measures 15 × 10 cm. 
It is large enough to provide lower pole support to most com-
monly used implant base widths. Larger or smaller sizes are 
used for different size implants and expanders.

A common practice is soaking the ADM in a triple antibi-
otic solution as an added measure against microbial contami-

M. Sheflan et al.



521

a

b

c

Fig. 39.7 (a–c) Bilateral skin-reducing mastectomies with Wise- 
pattern incisions and lower pole sling technique with adjustable volume 
expander/implants (Natrelle Style 150s–SH520). Pre- and postoperative 

views: a 34-year-old BRCA 2 gene carrier undergoing bilateral risk- 
reducing mastectomies (right breast 610 g and left breast 595 g) (in sec-
tion “Skin Reducing Mastectomy (SRM) in the Large and Ptotic Breast”)
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nants originating from the patient’s skin or nipple. ADMs 
should be soaked in room temperature fluids; hot saline from 
a warming oven can denature native dermal collagen and 
lead to a foreign body response and rejection. Many ADMs 
are supplied sterile, while some are aseptically processed 
and packaged with antibiotics that must be rinsed from the 
ADM by multiple saline soaks prior to use. This is to avoid 
the potential for ‘red breast syndrome’ or hypersensitivity 
reactions to antibiotics. We have found this phenomenon to 
be more common in ADMs derived from humans and por-
cine origins when compared to SurgiMend from bovine 
foetuses.

The superior edge of the ADM is sutured from medial to 
lateral, superiorly to the cut end of the muscle, using an 
absorbable, interrupted, braided suture. Care should be taken 
to firmly anchor the material medially and to define the 
important medial IMF/cleavage area. The ADM must not be 
pulled too tight but held gently to allow it to find its own 
tension-free position that best accommodates the lower ven-
tral curvature of the implant. Once the ADM is fixed medi-
ally, the use of an appropriate anatomical sizer in the 
developing pocket will allow more precise positioning and 
fixation of the ADM, so it may fit like a ‘hand in glove’ over 
the selected implant without wrinkling or pleating. Once the 
definitive sizer or implant is in position, the lateral most cut 
end of the pectoralis major muscle should be wedged down-
wards into a slit made in the ADM. This will put the muscle 

under moderate tension in a way that will prevent upwards 
‘window-shading’ of the muscle.

39.1.8.2  Lateral Fold (LMF) Definition
The ADM is then fixed laterally to the interface of fascia over 
serratus anterior. Even if the mastectomy has progressed beyond 
the intended new lateral fold and the base width of the implant, 
the ADM should be fixed in a way that defines the lateral border 
of the intended internal domain and allows the lateral skin enve-
lope to be draped comfortably over it. With footprint of the 
original breast being often wider than the width of the implant, 
the lateral border of the new breast should be where the implant 
ends. We have also had excellent uncomplicated results using 
separate strips of material to act as a lateral buttress. Any dead 
space in the lateral breast gutter resulting from base width dif-
ferences between old and new footprints of the breast should be 
sutured closed to minimise seroma formation.

39.1.8.3  Infra-mammary Fold (IMF) Definition
Lateral and medial fixation sutures are accurately inserted 
from the lower border of the ADM to the fascial condensation 
of IMF. If the IMF has been breached or stretched during mas-
tectomy, then the IMF can be reconstituted with these sutures.

39.1.8.4  Insertion of Definitive Implant Device
Depending on the mastectomy incision, the implant is 
inserted into the pocket via the most convenient route, either 

Superficial fascia

a b c

Deep “pectoral” fascia

Ligaments of cooper

Infra-mammary fold
(condensation of deep
and superficial fascia)

Fig. 39.8 (a–d ) Sagittal views of the breast demonstrating: (a) Fascial 
planes and ligamentous anatomy. (b) ‘Thin’ skin flaps (increased risk of 
skin necrosis and unnecessary subcutaneous fat excision above the 

breast). (c) ‘Thick’ skin flaps (increased risk of residual breast tissue 
and local recurrence). (d ) ‘Ideal’ mastectomy plane over superficial 
fascia (in section “Where Is the Mastectomy Plane?”)
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over the superior border of the ADM or under the inferior or 
lateral border. After removal of the sizer implant and inser-
tion of drain(s), standard ‘minimal handling’ precautions are 
employed following no-touch principles.

39.1.9  Autologous Lower Pole Sling (LPS): 
Technical Points (Fig. 39.9)

39.1.9.1  Pocket Dissection
For accurate lateral definition, we use a sub-serratus infero- 
lateral extension of the muscular pocket. The inferior divi-
sion of the pectoralis origin is continued laterally in a 
horizontal line to the required pocket width through the fas-
cia and costal digitations of the serratus anterior. The sub-
serratus pocket is developed gradually upwards from the cut 
edge until the lateral pocket opens up to join the subpectoral 
dissection.

Great care must be taken to elevate serratus digitations 
from the lateral ribs without breaching the intercostal mus-
culature underneath or the often-flimsy serratus muscle at 
the lateral pectoral margin. If the serratus layer is attenuated, 
then a small lateral portion of adjacent pectoralis minor 
maybe freed and transposed to reinforce the serratus layer 
(‘lateral pectoral slide manoeuvre’). The reward for meticu-
lous dissection laterally is a precise muscular pocket that will 
hold the entire upper portion of the implant and controls the 
lateral border of the prosthesis without the need for lateral 
sutures. The lower cut border of the muscular pocket is then 
easily sutured to the dermal sling over the definitive implant 
or sizer.

39.1.9.2  The Infra-mammary Fold (IMF)
Even if the IMF is left intact after mastectomy, it is often 
stretched and somewhat displaced on the chest wall. It should 
be routinely reinforced at the desired position using inter-
rupted absorbable sutures. This will prevent it from drifting 
inferiorly under the weight of the implant. When the implant 
is in position on the lower dermal sling, it is sitting in front 
of the newly fixed IMF. This facilitates an evolving natural 
ptosis, on a stable IMF.

It is worthwhile noting here that in some patients, the 
LPS, which basically is a de-epithelialised vascularised 
dermis, may stretch and produce exaggerated bottoming 
out especially with larger implants (Figs.  39.10, 39.11 
and 39.12).

39.1.9.3  The ‘Medial Corner’
When using the LPS, there may be occasions when the der-
mal sling is deficient medially. The pectoralis major origin 

should still be divided in the same way as when using an 
ADM, but in this scenario it may not be possible to oppose 
muscle to dermal sling over the implant in the medial corner 
of the pocket. In our experience leaving the pocket open 
medially has not lead to any complications, but our preference 
would still be to use an ADM patch if there is any risk 
whatsoever of the implant lying immediately under the 
wound.

39.1.10  Minimising Complications

As ADM use increases and newer materials become avail-
able, there is a growing body of literature to support safety 
and acceptable complication rates with the use of ADMs in 
implant-based immediate and delayed breast reconstruction 
[19–26].

Some of the published meta-analyses however have 
shown increased rates of infection, seroma, haematoma and 
explantation, compared to total sub-muscular implant recon-
structions [27, 28]. Recent clinical trials to be published soon 
demonstated significantly lower complication rates specifi-
cally Seroma and infection when 2:1 meshed ADM is used 
[29]. Our experience with ADM has shown that this tech-
nique offers significant benefits in terms of cosmesis, reduced 
expander times, decreased capsular contracture and number 
of maintenance surgeries and a reduced overall time to com-
pletion of reconstruction [30, 31].

In our experience, while aesthetic results remain 
unquestionably better, complication rates when using 
lower pole support are comparable with standard subpec-
toral pocket-based implant reconstructions for haematoma, 
necrosis, infection or implant loss. Our infective complica-
tions and implant loss occurred exclusively in the presence 
of seromas and skin necrosis and only in of patients who 
had adjuvant chemotherapy, radiotherapy or both (Tables 
39.2 and 39.3). This has been dramatically reduced since 
the use of 2:1 meshed Surgimend in our practice.

The only complication that has been shown in meta- 
analysis to increase when ADMs are used, when compared 
to total muscle coverage without ADMs, is seroma. We have 
been able to keep seroma rates down by pocket irrigation 
with saline solution that removes free-floating fat particles, 
reduction of dead spaces, perfect fit between muscle/ADM/
implant and perfect fit between the latter and the overlying 
skin envelope. Two 10 mm drains placed in the lateral gutter 
and the IMF ease effective drainage for the first 2–3 days at 
which time one drain is removed. The second drain is 
removed when there is less than 30 cc/24 h 2 days in a row 
usually at 7–11 days.
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Short Ellipsea

b

c d

SSm-Transvertical (includes nipple)

Inframammary Lazy “S”

Fig. 39.9 (a–c) Mastectomy incisions for use with the ADM tech-
nique. (a) Short ellipse incision ± ‘lazy-S’ lateral extension (skin-spar-
ing mastectomy (SSM)). (b) Trans-vertical incision (skin-reducing 

mastectomy (SRM)). (c) Infra-mammary incision (nipple-sparing 
mastectomy (NSM)). (d ) ‘Lazy-S’ oblique lateral incision (nipple- 
sparing mastectomy (NSM)) (Sect. 1.6.2)
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SRM Wise Pattern

SRM Wise Pattern Nipple Preserving
b

a

Fig. 39.10 (a and b) Mastectomy incisions for use with the LPS technique. (a) Wise-pattern incision (skin-reducing mastectomy (SRM)).  
(b) Wise-pattern incision, nipple sparing on dermal pedicle or free graft (nipple-sparing (NSM), skin-reducing mastectomy (SRM)) (Sect. 1.6.3)

Pectoralis major m.
partially divided
from origin at the
9 o’clock
position

a b

Semi-oval ADM
incised creating teo
flaps

Pectoralis major m.
partially divided
from origin at the
3 o’clock
position

Implant

Medial and lateral “tails”
of ADM overlapped deep

to pectoralis major m.

Cut edge of
pectoralis major m.
wedged into split
ADM and secured
with interrupted
sutures

Fig. 39.11 (a and b) ADM technique—technical points (Sect. 1.8)
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39.1.10.1  Skin Envelope Necrosis
To optimise perfusion and minimise the risk of skin enve-
lope, necrosis requires adherence to all of the technical 
points discussed so far. Excellent mastectomy technique 
requires careful patient assessment, accurate incision plan-
ning, meticulous tissue handling and tension-free draping 
and closure.

Avoiding the use of retractors and sharp hooks to lift the 
skin and expose the breast has been helpful in reducing 
crushing of the subdermal plexus by enthusiastic assistants 
or the surgeon’s non-dominant hand. Using gentle finger 
traction instead has worked for us.

If the reconstructive team involves a general surgeon and 
a separate reconstructive surgeon, then close cooperation, 

Serratus anterior
m. and pectoralis
major m. raised as
a continuous flap

IMF reinforced with
interrupted sutures

Deepithelialized
skin flap turned
down

Chest wall

Implant

b

a

c

Skin flap sewn to
pectoralis major/
serratus anterior
with running suture

Fig. 39.12 (a–c) LPS technique—technical points (Sect. 1.9)
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joint planning and an agreed strategy are essential. Good 
communication with the anaesthetic team throughout the 
procedure is also important. To optimise skin perfusion, it is 
essential to ensure adequately monitored and stable normo-
tensive haemodynamics as well as core temperature.

If, despite best efforts, the skin envelope viability remains 
uncertain, then further intraoperative monitoring of skin perfu-
sion can help inform decision-making regarding the need for 
further skin resection or whether to use a tissue expander. 
Different strategies may be employed to assess skin envelope 
perfusion; intraoperative temperature or oximetry probes may 

not be reliable or practical during surgery. Our preference is to 
use intraoperative full-field laser Doppler imaging (FFLDI) 
technology to assess skin perfusion and viability. The laser 
signal illuminates an area of 7 × 7 cm of the skin envelope and 
is transmitted to a depth of up to 2 mm. The frequency shift 
caused by laser interaction with circulating red blood cells 
(laser Doppler effect) is used to calculate concentration, speed 
and perfusion of the skin flaps, which is then displayed as a 
real-time perfusion colour map on the monitor. Poorly per-
fused skin should be excised. An indocyanine green scanner 
(SPY) is another useful alternative to evaluate intraoperative 
skin flap perfusion [26]. All these are applicable and reliable 
only when no adrenaline is used in the infiltration solution 
aimed to hydro-dissect the soft tissue envelope off the breast 
and reduce bleeding. It is also only useful when core and skin 
temperature are kept to near optimal. The sensitivity and spec-
ificity of both devices are not very high in these conditions. 
The use of scanners and laser Doppler devices is therefore use-
ful only when no infiltration is used, when temperatures are 
kept near normal and when the plastic surgeon is not present 
when the general surgeon performs the mastectomy.

If the planned closure with a fixed volume prosthesis is no 
longer possible or the tension likely to be too great, then we 
would recommend the use of a tissue expander.

39.1.10.2  Capsular Contracture
To some extent capsule formation is an inevitable conse-
quence of device implantation. Symptomatic and trouble-
some capsular contracture (grades 3 and 4) requiring 
intervention however can be minimised by adherence to rec-
ognised precautions—such as careful tissue handling and 
haemostasis, strict asepsis and the use of an ADM.

The use of an ADM creates a less inflammatory domain 
which contributes to reduced capsular contracture rates. 
Recent meta-analyses and reviews of the early published 
experience with ADMs appear to bear this out [32, 33]. Our 
personal experience supports the same conclusion.

39.1.10.3  Capsular Contracture Secondary 
to Radiotherapy

Whether postoperative radiotherapy treatment is unexpected 
or pre-planned and a patient chooses to have an implant- 
based reconstruction, she must be informed that with radio-
therapy there is an inevitable increased risk of aesthetic 
compromise [34–36].

It is this that has led some to advocate avoidance of 
implant-based reconstruction in the face of radiotherapy, in 
favour of either delayed autologous reconstruction or a 
delayed-immediate reconstructive approach with temporary 
expanders during radiotherapy [37, 38]. Expansion during or 
after radiotherapy, even as part of a two-stage strategy, is not 
effective on its own to minimise radiation-induced aesthetic 
compromise [39].

Table 39.2 Combined authors’ experience 2007–2011

ADM experience 
(SurgiMend)
341 immediate 
implant 
econstructionsr
March 2001 to July 
2011
(Tel Aviv, Israel)

LPS experience
102 immediate 
implant 
reconstructions
Jan 2007 to Jan 2012
(Cornwall, UK)

Total skin-sparing 
mastectomy

341 102

  Bilateral 262 (131 patients) 50 (25 patients)
  Unilateral 79 52
Direct to implant 
(one-stage)

270 90

Tissue expander 
(two-stage)

71 12

Radiotherapy
  Preoperative 32 4
  Postoperative 25 8
Chemotherapy
  Preoperative 43 0
  Postoperative 19 10

Table 39.3 Complications

ADM experience 
(SurgiMend)
341 immediate implant 
reconstructions
March 2001 to July 
2011
(Tel Aviv, Israel)

LPS experience
102 immediate implant 
reconstructions
Jan 2007 to Jan 2012
(Cornwall, UK)

Necrosis 18 (5.2%) 10 (9.8%)
Necrosis and 
infection

7 (2.0%) 1 (1.0%)

Infection (no 
necrosis)

1 (0.3%) 4 (3.9%) all after 
chemotherapy

Haematoma 7 (2.0%) 5 (4.9%)
Seroma 9 (2.6%) 4 (3.9%)
Failure 6 (1.75%) 4 (3.9%) all after 

chemotherapy
Capsule (grades 
3–4)

7 (2.0%) all after 
radiotherapy
(7/57 = 12.3% 
radiotherapy cases)

4 (3.9%) all after 
radiotherapy
(4/12 = 33.3% 
radiotherapy cases)

De-rotation 1 (0.3%) 1 (1.0%)
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Modern, individualised radiotherapy planning can go 
some way to ameliorating the unwanted effects of radiother-
apy on the reconstructed breast; the use of the 3D treatment 
planning system for exact dose calculation, hyper- 
fractionation of dose schedules and avoidance of specific 
skin boluses are all important advances in radiotherapy 
administration. A patient-specific approach to the intended 
treatment target, with attention to dose depth from the skin, 
minimising radiation at the implant/tissue, has led to 
improvements in our implant-based reconstruction outcomes 
even in irradiated patients.

The use of lower dermal support seems to also improve 
outcomes in irradiated reconstructions. We believe this to be 
related, once again, to having established a better cushion-
ing, padding, perfusion and harmony between soft tissues 
and stable internal domain, as well as careful optimisation of 
the health of the overlying skin envelope. Lower dermal sup-
port minimises the tension within and exerted by the internal 
domain on the skin envelope. This ensures the best possible 
perfusion of skin and soft tissues in preparation for the radio-
therapy. There is good evidence for enhanced fibro- 
proliferation with radiotherapy in the presence of implants, 
and some important signalling pathways have been identified 
[40]. We hypothesise that in addition to this, both ADMs and 
LPS maintain the overlying soft tissue vasculature less col-
lapsed (due to extra tension in skin, muscle and developing 
capsule) which in return may be less susceptible to radiother-
apy-induced vasculitis and hence subsequent fibrosis.

39.1.10.4  Acute and Chronic Pain
The reduced tension and stability of a subpectoral and ADM/
LPS pocket, as compared to a full sub-muscular pocket, or when 
the serratus muscle has been elevated should lead to less imme-
diate postoperative pain on early pectoral movement. There is 
the potential for increased discomfort from the subpectoral and 
lateral pocket sub-serratus dissection from injuring the costal 
periosteum. The use of intercostal blocks and other regional 
local anaesthetic techniques (intra-pectoral blocks) can improve 
acute pain in the initial postoperative period.

As discussed earlier, the use of lower pole support tech-
niques, specifically an ADM, seems to reduce the incidence 
of capsular contracture. We believe that this may then in turn 
lead to a reduction in development of chronic pain.

39.1.11  Refining Long-Term Results

39.1.11.1  Fat Grafting
Lipofilling with autologous fat may be very effective as a 
secondary adjunct to improve outcomes in breast reconstruc-
tion generally [41] and in implant-based reconstructions spe-
cifically [42] by:

• Creating a more natural cleavage and upper pole 
take-off.

• Smoothing out and filling uneven areas of the skin enve-
lope where mastectomy flaps may have been taken too 
thin.

• Improving contour/shape and transitional area 
irregularities.

• Covering thin areas where there may be implant rippling 
or edge palpability.

• Reducing radiotherapy-induced skin change and fibrous 
capsule formation.

The attendant risk to the underlying implant is small, but 
if soft tissues are thin, a preliminary step using hydro- 
dissection with either saline or micro-/nano-fat particles 
further reduced the risk of inadvertent intra-capsular fat 
injection and injury to the implant.

Three-dimensional imaging (e.g. Vectra system) will 
demonstrate (and quantify) contour and volume discrepancies. 
Better objective and quantitative assessment can improve the 
quality of consultations and allow accurate planning for fat 
grafting refinement procedures.

It is worth remembering and cautioning patients that fat 
grafting can sometimes cause localised fat necrosis, often 
exhibiting as a firm irregular mass, clinically indiscernible 
from breast cancer. The sonographic appearance of fat 
necrosis may also be very similar to that of breast cancer; 
however, a fine needle or core biopsy is usually diagnostic, 
and the patient may be put at ease.
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Skin-Reducing Mastectomy

Gustavo Zucca-Matthes, Raphael Luis Haikel, 
and Angelo Matthes

40.1  Introduction

Breast cancer surgery has evolved from radical mastectomy, 
with excision of as much tissue as possible, to subcutaneous 
mastectomy, with sparing of as much tissue as possible 
(Table 40.1). Notably, the choice of the procedure depends on 
both the location and the stage of the cancer. The development of 
diagnostic imaging techniques has increased the medical profes-
sion’s awareness of breast cancer and led to earlier diagnoses.

Nowadays the principle of oncoplastic surgery is ampli-
fied and was incorporated to the idea of an immediate breast 
reconstruction. Veronesi et al. [1] published the term conser-
vative mastectomy regarding a surgical technique demand-
ing an oncological treatment by removing the breast 
parenchyma and trying to spare as much skin envelope as 
possible, including nipple–areola complex, in other words to 
remove breast glandular tissue without disruption of the 
breast appearance. It allows an IBR and the contralateral 
symmetric approach. It also boosts the patient’s self-esteem 
and quality of life. The association between plastic surgical 
techniques and mastectomy with immediate breast recon-
struction is one of the best alternatives to treat breast cancer 
and also improved overall aesthetic outcomes and favors the 
achievement of contralateral breast symmetry [2].

Because a greater percentage of cancers are detected at 
earlier stages, the need for skin-sparing techniques has 
increased [3].

Skin-sparing mastectomy was classified further by the 
type of incision used and the amount of skin removed 
(Table 40.2) (Fig. 40.1). Type I SSM was used commonly for 
prophylactic purposes and for patients whose cancer was 
diagnosed by needle biopsy. Lateral extension of the incision 
may be necessary to improve exposure to the axillary tail. 
Type II SSM was used when the superficial tumor or previous 
biopsy was in proximity to the areola. Type III SSM was used 
when the superficial tumor or previous incision was remote 
from the areola. Type IV SSM was used in large, ptotic breasts 
when a reduction was planned on the opposite breast [4].

Type IV Wise pattern skin-sparing mastectomy (SSM) 
has had excellent results as immediate implant reconstruc-
tion in heavy- and pendulous-breasted patients who require a 
conspicuous reduction of the skin envelope and a contralat-
eral reduction or mastopexy. However, on the side undergo-
ing the SSM, the skin flaps are thin, and wound-healing 
problems are well described, particularly skin necrosis at the 
“T” as frequent as 27%, predisposing to prosthesis exposure 
and therefore limiting its utility [5]. Therefore technique 
modifications that recruit local tissue to protect these areas of 
breakdown and support the implant have been proposed and 
has been called skin-reducing mastectomy (Type V) [5–8].

Reconstruction surgery in this subset of mastectomies can 
be performed by means of totally submuscular expanders or 
permanent prostheses rather than autologous flaps. Final scar-
ring is similar to that from cosmetic surgery (inverted T) [5].

40.2  A Brief History

In different series of inverted “T” mastectomies, relatively high 
morbidity (up to 27%), which usually involved skin viability at 
the inverted “T” junction, was reported [5]. In this way, many 
authors have tried to overcome necrosis and poor results using 
a modified Wise pattern rather than a subcutaneous pouch.
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In 1990 Bostwick [9] tried to preserve a lower deepitheli-
alized dermal flap during the Wise reduction pattern mastec-
tomy to create a musculodermal pouch for the location of a 
definitive permanent silicone prosthesis that provided appro-
priate coverage of the implant. At that time there was no 
information about the possibility of saving the skin during 
oncological procedures, so it was used for prophylactic 
mastectomies.

Hammond et al. [8] introduced Bostwick’s method in the 
treatment of breast cancer, in most cases using a two-step 
surgical approach with temporary expanders, followed by a 
second operation for permanent insertion of implants.

In 2006, Nava et al. [5] described a modification of this 
last type of skin-sparing mastectomy, renamed skin-reduc-
ing mastectomy, by which mammary reconstruction in 
selected patients is done in a single stage in which an ana-
tomical silicone gel implant is placed in a dermal-muscle 
flap pocket. They aimed to avoid complications of the type 
IV operation, such as lack of space in the inferior and 

medial aspects of the submuscular pouch that sometimes 
requires release of the inferior insertions of pectoralis 
major with an incision, leaving the implant subcutaneously 
with a high risk of exposure, particularly when it is put 
under the long (and possibly ischemic) superior mastec-
tomy flap.

40.3  Definition

Skin-reducing mastectomy (SRM) is a single-stage tech-
nique that helps us to overcome the cosmetic inadequacy of 
a Type IV Wise pattern skin-sparing mastectomy (final 
T-inverted scar) in heavy and pendulous breasts by filling the 
lower- medial quadrant with adequate volume.

Its virtue lies in the manner it provides for adequate 
implant coverage using muscle and a deepithelialized dermal 
flap, thus reducing the risk of implant extrusion and providing 
good inframammary contour [6].

SRM with a complete release of the pectoralis muscle 
inferiorly and the sparing of a lower dermal flap sculpted 
down to the inframammary fold allow the creation of a 
dermomuscular pouch, achieving total implant coverage and 
overcoming all of the inadequacies of type IV SSM (upper 
pole fullness and lack of projection). By augmenting the 
pocket and providing a new tissue layer at the lower pole of 
the breast, complications are reduced and aesthetic outcomes 
are improved compared with the traditional inverted “T” 
mastectomies.

Table 40.1 Evolution breast cancer surgical treatment

Author Year Surgery Description
W Halsted 1894 Radical mastectomy Removal of the breast, two muscles, and axillary lymph nodes
Stewart 1915 Radical modified mastectomy Transverse incision, better aesthetic result
Urban 1956 Ultra-radical mastectomy Removal of the breast, two muscles, axillary lymph nodes, and internal 

mammary lymphatic chain en bloc
Patey-Dyson 1948 Radical modified mastectomy Resection of the breast, pectoralis minor, and axillary contents en bloc
Madden- Auchincloss 1965 Radical modified mastectomy Resection of the breast and axillary contents en bloc, preserving both 

pectoral muscles
Fisher 1985 Breast conservative treatment Tumor resection (lumpectomy and quadrantectomy), axillary dissection and 

radiotherapy
Veronesi 1986 Breast conservative treatment Tumor resection (quadrantectomy), axillary dissection, and radiotherapy
Toth and Lappert 1991 Skin-sparing mastectomy Mastectomy appeared in order to conserve skin as much as possible and 

facilitate breast reconstruction
Audretsch 1994 Oncoplastic Association of plastic surgery techniques for conservative treatment
Giuliano 1994 Sentinel node biopsy Axillary lymph node resection of the first, being able to avoid complete 

axillary dissection
Petit 2006 Nipple- sparing mastectomy Mastectomy appeared in order to conserve skin and nipple–areola complex 

(NAC), facilitating breast reconstruction. Associated with intraoperative 
radiation of the NAC

Nava 2006 Skin-reducing mastectomy Combined flap technique to reconstruct large- and medium-sized ptotic 
breasts in a single-stage operation by the use of anatomical permanent 
implants

Table 40.2 Modified classification of skin-sparing mastectomy

Type Classification
I Only nipple–areola removed
II Nipple–areola, skin overlying superficial tumors, and previous 

biopsy incision removed in continuity with nipple–areola
III Nipple–areola removed, skin overlying superficial tumors, and 

previous biopsy incision removed without intervening the skin
IV Nipple–areola removed with an inverted or reduction pattern 

skin incision
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I II

III
IV

V

Fig. 40.1 Classification of skin-sparing mastectomy including skin-reducing mastectomy
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40.4  Indications

The indication of SRM originally deemed most suitable for 
early-stage breast cancer and risk-reduction patients with 
medium- to large-sized breasts; however it could be 
expanded.

Ongoing controversies continue to debate the issues of 
skin-sparing mastectomy and sparing of the nipple–areola 
complex. These controversies are focused on problems of 
nipple–areola survival and the reliability of methods from an 
oncologic point of view. Many published reports describe the 
reliability of subcutaneous mastectomy under certain indica-
tions. In early-stage breast cancer, immediate breast recon-
struction after subcutaneous mastectomy is used with 
increasing frequency.

Recently, prophylactic mastectomy has been performed 
for patients displaying the following oncologic risk factors: 
a positive family history, BRCA-1 and BRCA-2 gene muta-
tion, atypical ductal hyperplasia, a history of skin cancer, 
intensive lobular carcinoma in situ, and ductal carcinoma in 
situ and still when an extreme fear of breast cancer is mani-
fested. Prophylactic mastectomy has been performed 
increasingly due to either patient demand or oncologic sur-
geon proposal. Sparing of the nipple–areola complex is 
extremely important for aesthetic results and patient satis-
faction in both early- stage breast cancer and high-risk 
groups [10–12].

Nair et  al. [6, 13] reported their experience with per-
forming SRM. They expanded the indication of SRM to 
more locally advanced tumors (T3 and T4), eventually 
downstaged by neoadjuvant chemotherapy, and to small- 
volume non-ptotic breasts by using expandable implants. 
Furthermore, they included patients who also need adju-
vant radiation.

To sum up, the SRM is able to be performed for patients 
who had moderate- to large-sized ptotic breasts and no his-
tory of previous reduction mammoplasty and absence of 
tumor affecting the skin, excluding smokers (five cigarettes/
day) and patients with microvascular problems (previous 
radiotherapy, diabetes) [11].

40.5  Preoperative Planning

Breast ultrasound and mammography are advised to encour-
age a perfect preoperative surgical planning.

All the patients should be informed about the surgical 
procedure, the details of their breast disease, the risk factors 
of redundant breast tissue, and the possible advantages and 
disadvantages of the surgical technique.

Operation planning was performed with patients in the 
standing position. First, the region of the mass nearest the 

skin was marked, followed by marking of the inframammary 
fold. A distance of at least 4 cm (4–6 cm) between the infra-
mammary sulcus (IMS) and the nipple is the projectional 
distance on the sternum. On the breast, it becomes 5–7 cm. 
The marking then follows the steps used for a normal breast 
reduction or mastopexy using a conventional Wise pattern. 
However, on the mastectomy side, some surgeons [5] erase 
the semicircular drawing representing the position of the 
new nipple–areola complex and prolong the two vertical 
limbs up to the new nipple position. The length of the two 
limbs on this side depends on the degree of reduction we 
want to achieve and is usually between 5 and 7 cm, plus the 
2 cm radius of the nipple–areola complex. The distal ends of 
the two limbs are then extended medially and laterally with 
patient lying in the supine position, so as to intercept the pre-
viously marked IMS.

At the beginning of planning, drawing the projection of 
the IMS on the sternum shows whether there is any vertical 
asymmetry with the thorax. Generally, 1–2 cm of asymmetry 
between the IMS and thorax is common. Showing this situa-
tion is helpful in planning to achieve postoperative symme-
try. The new nipple projection is drawn 4 cm above the IMS 
projection on the sternum. A horizontal line is drawn from 
this mark to the breast to determine the new nipple position. 
Using this technique, much more breast skin reduction was 
achieved, and the final scar was located at the inferior mam-
mary fold.

Illustrated case can be seen below at Fig. 40.2a–d.

40.6  Operative Procedure

The area between the marked incisions was deepithelialized 
including the nipple–areola complex (diameter, 4–4.5 cm). 
The NAC will be prepared for a free graft at the end. Total 
subcutaneous mastectomy was performed from the lateral 
vertical incision via a full incision.

Before the mastectomy is started, the lower flap is sculpted 
down to the inframammary fold, whose anatomy must be 
always identified to allow careful preservation. The gland 
has to be removed with accurate sparing of the superior flap’s 
subdermal vascularization. Cooper’s ligament, oncologically 
reliable and harmless for the subdermal plexus, was followed 
as a surgical plan during mastectomy. It allows to minimize 
ischemia without compromising oncologic safety and com-
plete the removal of breast tissue.

This access usually allows for easy axillary dissection or 
sentinel node identification and biopsy. The pathologic spec-
imen beneath the nipple–areola complex was marked. There 
is still concern regarding the oncologic safety of nipple pres-
ervation in cancer patients. In this case, we normally perform 
frozen section analysis of retroareolar breast ducts.

G. Zucca-Matthes et al.



535

We advise anatomical breast implants with medium and 
high-profile cohesive silicone gel filled when reconstructions 
were performed. After the oncologic procedures are com-
pleted, we start the reconstruction by incising along the lateral 
border of pectoralis major. The inferior and lower- medial 
insertions of this muscle are divided and sutured to the supe-
rior border of the dermal flap. The dermal barrier flap, this 
deepithelialized area in the mid-inferior region, was moved 
laterally without folding, and the lateral and medial incisions 
were sutured to each other. A large pouch is then created to 
accommodate an anatomically shaped permanent implant.

In our point of view, the choice for a total or partial mus-
cular pocket to cover the implant depends on the scar posi-
tion. If a scar remains over the pectoral muscle, a total 
muscular pocket will not be necessary. On the other hand, 

if the incision is long and remains on the implant, covering 
with the serratus anterior muscle is essential.

A schematic point of view can be followed below at 
Fig. 40.3.

40.7  Complications

Although subcutaneous mastectomy offers excellent cos-
metic results with small breasts, obtaining optimum results 
for moderate-sized and large breasts is more challenging and 
requires repositioning of the areola as well as decreasing the 
breast skin surface area.

Wound-healing problems usually are not encountered 
during subcutaneous mastectomies with no skin reduction. 

a b

c d

Fig. 40.2 (a) Preoperative view, bilateral breast cancer. Left, bad 
results from previous breast reconstruction. Right, medium-sized 
breast, 4 × 4 cm tumor at upper outer quadrant, positive axillary nodes. 

(b) Preoperative drawing. Left, prosthetic replacement and remodeling 
of the parenchyma. Right, skin-reducing mastectomy. (c) Final result 
after 1 month. (d) Final result after 1 month. Right breast closer view

40 Skin-Reducing Mastectomy
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1a 1b

2a 2b

3a 3b

4a 4b

5a 5b

Fig. 40.3 Skin-reducing mastectomy: step-by-step. 
(1A and B) Wise pattern. (2A and B) Dermal barrier 
flap (deepithelialized area). (3A) Total subcutaneous 
mastectomy was performed from the lateral vertical 
incision via a full incision. (3B) Prosthetic sizer among 
the flaps of skin-reducing mastectomy. (4A and B) 
Dermal barrier flap sutured to muscular pocket to cover 
the implant. (5A and B) Final T-inverted scar
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Skin blood perfusion is jeopardized during breast reduction 
mastectomy. Two mechanisms can be proposed that explain 
these wound-healing/perfusion issues: long flaps created as a 
result of skin excision and aggressive surgery that causes 
very thin skin and jeopardizes the subdermal plexus.

With the SRM, full-cut incisions from only the lateral 
side and deepithelialization instead of skin excision reduce 
wound-healing problems at suture lines. The use of the infe-
rior dermal barrier flap provides double-layered protection at 
the suture site and avoids implant exposure even when 
wound dehiscence occurs. Although the submuscular area is 
more protective of the prosthesis, it is not optimal for larger 
prostheses. Pressure on the prosthesis can cause low-level 
breast projection. In addition, preparation of the submuscu-
lar area increases the mean time for the surgical procedure.

Radiotherapy, if necessary, can be offered to women after 
mastectomy for breast cancer to decrease risk of local recur-
rence. Breast reconstruction with breast implants after radia-
tion can prove troublesome because of subsequent capsular 
contracture, infection, and unsatisfactory cosmetic results [13].

Patients should also nonetheless be advised of the risk of 
implant complications due to adjuvant therapy. There is thus 
a small but definite risk of needing revision surgery to achieve 
the final intended cosmetic outcome. Careful patient selection 
and improvement in the learning curve may reduce the com-
plication rate. A special attention should be paid for smokers 
(more than five cigarettes/day) and patients with microvascu-
lar problems (previous radiotherapy, diabetes) [11].

Finally, exposure of the implant and failure of reconstruc-
tion often become inevitable [3].

40.8  Suggestions to Avoid Complications

The SRM is associated with high rates of complications. In 
2015, 187 conservative mastectomies were performed in 
Barretos Cancer Hospital. Six (11.22%) cases underwent 
SRM. Loss of implant was observed in one (16.6%) case related 
to seroma relapse. To reduce the complications in Barretos 
Cancer Hospital, the surgical technique was changed. Nowadays 
we follow the SRM technique but with some changes:

 1. Nipple–areola complex (NAC) free graft (Fig. 40.4)
 2. Definitive expander (Becker or Style 150) (Fig. 40.5)
 3. Acellular dermal matrix or mesh—ADM (Fig. 40.6)

There are good reasons for those changes. The SRM tech-
nique is potentially harmful for the blood supply to the NAC 
so the free graft must solve that problem. At the end nipple–
areola complex was grafted to the planned position.

Furthermore the SRM presents high levels of necrosis. 
The Becker implant [14] is a definitive expander, a mixture 
of saline expander and silicone implant. In other words we 

have the benefits of both kinds of implants. If necessary in 
case of skin flap sufferance, the surgeon will be able to bar-
gain with the saline volume to adjust the skin and to figure 
out the breast reconstruction.

In case of tumor in the inferior part of the breast and the 
resection of the inferior dermis become unavoidable, the use 
of ADM may be a solution. The use of acellular dermal matrix 
(ADM) may allow the total coverture of the implant or to sub-
stitute the dermis in case of oncological compromising. Our 
first choice is the mesh called BIO A (67% polyglycolic acid 
(PGA), 33% trimethylene carbonate (TMC)) by GORE [15]. 
It is a synthetic mesh able to support and protect the implant 

Fig. 40.4 Nipple free graft

Fig. 40.5 Definitive expander
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from skin dehiscence during the first months, highlighting the 
inframammary fold of the breast, and after 6 months it will be 
totally absorbed and incorporated by the local tissues provid-
ing a natural shape and soft touch (Fig. 40.7a, b, preoperative 
and immediate postoperative outcome after SRM with free 
NAC graft, ADM, and definitive expander).

Drains should be inserted and left in place for about 
5–10 days. Tight bandages or special bras should be used for 
4–6 weeks.

40.9  Psychological Aspects

Immediate breast reconstruction after mastectomy has the 
potential to minimize the psychological insult associated 
mastectomy alone. The applicability of immediate recon-

struction has expanded in recent years with the understanding 
that such procedures do not affect the incidence or detection 
of breast cancer recurrence. Additionally, there is no appre-
ciable delay in the institution of adjuvant therapy with this 
approach. Existing techniques of immediate implant-based 
breast reconstruction as well as SRM revolve around prosthe-
sis placement in either subcutaneous or sub-pectoral planes.

In this context, patients with macromastia who require a 
combination of skin-sparing mastectomy and a degree of 
skin envelope reduction benefit from the “skin-reducing 
mastectomy because the Wise keyhole or inverted T pattern 
can then be applied equally to both breasts to create sym-
metry, protecting with dermomuscular pocket the mastec-
tomy site from scar breakdown and implant exposure [15].

Therefore this technique allows greater security and self- 
confidence for patients with valuable repercussions during 
the recovery and adjuvant treatment.

40.10  Conclusion

Skin-reducing mastectomy (SRM) is a method of breast 
oncoplastic surgery responsible for immediate breast recon-
struction derived from a Wise breast reduction incision pat-
tern that enables immediate sub-pectoral implant placement 
after mastectomy and a contralateral symmetry if necessary. 
It also conceals scars as an aesthetic operation and at the 
same time provides satisfactory and safe coverage of the 
implant. SRM provides good results for selected patients 
even in cases of advanced tumor stages. Patients should also 
nonetheless be advised of the risk of small but definite rate of 
complications. The aid of a NAC free graft associated to a 
definitive expander and ADMs could help to avoid or to 
solve eventual complications.

a b

Fig. 40.7 Skin-reducing mastectoy case example

Fig. 40.6 Synthetic mesh
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Autologous Latissimus Dorsi Breast 
Reconstruction

Emmanuel Delay, Oanna Meyer Ganz, 
and Christophe Ho Quoc

41.1  Introduction

Breast reconstruction is an integral part of breast cancer 
treatment. An increasing number of patients benefit from 
immediate or delayed reconstruction. Autologous recon-
struction is nowadays the gold standard [1, 2] as it provides 
excellent and long-standing results in terms of shape, consis-
tency, sensitivity, and integration in the body image.

The musculocutaneous latissimus dorsi flap was first 
described by Tansini in 1906 for reconstruction of the chest 
wall after breast amputation [3]. Under the influence of 
Halsted, which was hostile to plastic surgery, coverage or 
reconstruction using this flap fell into disuse. Rediscovered 
in 1976 by Olivari, the latissimus dorsi flap had become a 
major option in breast reconstruction [4]. From the 1980s 
onward, several authors have described the latissimus dorsi 
as an autologous flap [5, 6], but the results were often unsat-
isfactory, and the dorsal sequelae were considered to be too 
important. We have been using the technique of autologous 
latissimus dorsi breast reconstruction since 1993, as 
described in our article published in Plastic and Reconstructive 
Surgery Journal in 1998 [7]. As our experience increased 
within an intensive practice of breast reconstruction (first 
author’s personal experience of more than 100 reconstruc-
tions a year), the autologous latissimus dorsi became our 
technique of choice.

The volume of the reconstructed breast may be insuffi-
cient if the patient is very slim or if there is marked atrophy 
of the flap. The traditional solution for such cases was sec-
ondary insertion of an implant under the flap. Therefore the 
reconstruction was no longer autologous only and held the 

disadvantages of an implant such as capsular contracture and 
a less natural cosmetic result. The development of fat graft-
ing to the breast (lipomodelling) and its use in our depart-
ment since 1998 have been the ideal solution for the lack of 
volume of the reconstructed breast and have contributed to 
the predominant use of this flap.

In the following chapter, we will present our technique of 
autologous latissimus dorsi flap and its recent developments, 
the means of obtaining an autologous reconstruction, the indi-
cations and contraindications, the complications, the results to 
be expected, and finally its advantages and drawbacks.

41.2  Surgical Anatomy of the Autologous 
Latissimus Dorsi Flap

41.2.1  The Latissimus Dorsi Muscle

The latissimus dorsi is a thin and wide muscle. It inserts 
anteriorly on the lower four ribs, where four attachments 
converge with the digitations of the abdominal external 
oblique muscle. The medial and lower part of the muscle 
inserts on the thoracolumbar fascia which extends over the 
spinous processes of the lower six thoracic vertebrae, the five 
lumbar vertebrae, the sacral vertebrae, and the posterior third 
of the iliac crest. Its upper border covers the inferior angle of 
the scapula, where an accessory bundle of teres major is 
often observed. Together with the later, it defines the poste-
rior wall of the axilla before ending its insertion at the bicipi-
tal groove of the humerus, between the pectoralis major and 
the teres major tendons. Its deep aspect carries attachments 
that are common to the latissimus dorsi and the serratus ante-
rior muscles.

The latissimus dorsi vascular supply is a type V according 
to Mathes and Nahai classification, with a main thoracodorsal 
pedicle and accessory segmental pedicles arising from the 
intercostal and lumbar arteries. When the thoracodorsal pedi-
cle penetrates in the deep aspect of latissimus dorsi, it divides 
into two branches of equal importance: the descending branch 
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and the transverse branch. The thoracodorsal nerve provides 
the motor function originating from the posterior secondary 
trunk C6-C8. Its origin is about 3 cm medial to the vascular 
pedicle. It then joins the vascular pedicle before penetrating 
the muscle. Exceptions are cases where the artery originates 
more proximally and then the nerve is found between the 
artery and the vein.

Latissimus dorsi allows adduction, backward and internal 
rotation of the upper limb.

It is therefore involved in weight-bearing movements 
such as walking with crutches and in vertical traction with 
the arms raised above the head. Its removal has little effect 
on daily activities or amateur sports practice, but its lack can 
be more significantly felt in cross-country skiing and in rock 
climbing.

41.2.2  The Fatty Extensions of the Latissimus 
Dorsi Muscle

The autologous latissimus dorsi flap aims to increase the vol-
ume provided by the latissimus dorsi muscle by incorporat-
ing fatty areas which are true extensions of the flap 
(Fig. 41.1a–c); they are especially important since muscle 
atrophies after transfer when it is no longer used. We have 
described six fatty areas [1] that are harvested as a comple-
ment to the muscle:

• Zone 1 corresponds to the fatty area of the crescent of the 
dorsal skin paddle.

• Zone 2 represents the deep layer of fat lying between the 
muscle and the Scarpa’s fascia (superficialis fascia); it is 
harvested all over the surface of the flap.

• Zone 3 consists of the scapular hinge flap which contin-
ues on the upper margin of the muscle.

• Zone 4 lies just forward to its external margin, forming an 
anterior hinge flap.

• Zone 5 corresponds to the supra-iliac fat deposits or “love 
handles.”

• Zone 6 is the adipose tissue of the deep aspect of the 
muscle.

The amount of fatty tissue gained depends on the extent 
of the patients’ fat deposits.

These zones are reliably vascularized by muscular per-
forating pedicles. Zone 3 has the advantage of a vascular 
plexus between several cutaneous branches (vertical 
branch of the circumflex scapular artery, intercostal 
branch, lateral thoracic branch) and two perforating pedi-
cles of the thoracodorsal artery which anastomose between 
themselves.

41.3  Objectives of Breast Reconstruction

Both objectives of breast reconstruction are clear:

• To restore the skin, shape, volume, and consistency of the 
reconstructed breast

• To reestablish the symmetry and harmony of both breasts

From a technical viewpoint, the breast requires restora-
tion of the container, or skin envelope, and of the content, or 
volume. Two months after the first stage of breast reconstruc-
tion with the autologous latissimus dorsi flap, the muscle has 
undergone some atrophy, and the second stage can be con-
sidered to restore breast symmetry and reconstruct the nip-
ple-areola complex.

41.4  Indications/Contraindications

The latissimus dorsi is a flap of choice because of its safety 
and reliability. It can be used in the vast majority of clinical 
situations. Whether the patient is slim or overweight, her 
morphology is not in itself a contraindication to this tech-
nique. It can be used in delayed or immediate breast recon-
struction. It can also be used in case of an adjuvant 
radiotherapy needed.

Contraindications are very rare: a lesion of both the latis-
simus dorsi pedicle and the serratus anterior pedicle or a con-
genital absence of latissimus dorsi (Fig. 41.2). It is important 
to check the muscular contraction by the resisted adduction 
test to ensure the presence of a functional latissimus dorsi 
with a preserved motor nerve. The preservation of the nerve 
is almost invariably associated with a patent thoracodorsal 
pedicle. Relative contraindications of the flap are dorsal 
pathologies (scoliosis, chronic rachis wounds) and when the 
patient refuses a scar on her back.

41.5  Surgical Procedure

41.5.1  Preoperative Planning

Preoperative assessment will take into account all data 
obtained during the preoperative consultation. Particular 
attention should be paid to the function of latissimus dorsi 
[1], which generally indicates that the thoracodorsal pedicle 
is intact. Other important points are the skin and fat that can 
be harvested in the laterodorsal region, assessing dorsal adi-
posity by a pinch test. The estimated harvested volume should 
be compared with the desired volume of the breast. If the esti-
mated volume, after atrophy of the muscle, is inadequate 
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Fig. 41.1 Surgical procedure. (a) Preoperative thoracic wall markings. 
(b) Skin paddle and fatty extensions harvested with the autologous 
latissimus dorsi flap (preoperative back view). (c) Skin paddle and fatty 
extensions harvested with the autologous latissimus dorsi flap 
(preoperative oblique view). (d) Patient in the lateral decubitus position 
for harvesting the latissimus dorsi flap. (e) Skin paddle incision. (f) 

Undermining in an upward direction in the plane of the superficialis 
(Scarpa) fascia. Surgical procedure (bis). (g) Elevation of the scapular 
fat flap (zone 3). (h) Cauterization of the accessory segmental pedicles 
using bipolar forceps. (i) Dissection of the pedicle. (j) Autologous 
latissimus dorsi flap harvested. (k ) Result at the end of the procedure 
after total burial of the flap. (l) Postoperative oblique view

41 Autologous Latissimus Dorsi Breast Reconstruction
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when compared with the opposite breast, secondary fat graft-
ing should already be included in the operative planning. 
Patients are informed about a horizontal, curved dorsal scar. 
In delayed reconstruction, the mastectomy scar often contin-
ues with the dorsal scar in order to decrease scar length (short 
scar latissimus dorsi flap).

41.5.2  Design

The reconstruction is designed (Fig. 41.1a) with the patient 
in upright position [1]. She is asked to lean sideways 
(Fig. 41.1b, c) in order to reveal the natural folds of the skin 
and fat. The dorsal skin paddle follows these lines, forming 
a crescent with a concave upper curve (Fig.  41.1c). The 
amount of the skin available should be carefully assessed 
using the pinch test so that closure can be carried out ten-
sion-free. The medial extremity of the paddle lies between 
the inferior angle of the scapula and the spine, while the 
lateral extremity may extend a few centimeters beyond the 
anterior margin of the muscle, depending on the patient’s 
morphology. In delayed reconstructions, in the presence of 
an important sub- axillary dog ear resulting from the mastec-
tomy, it is interesting to integrate the dog ear into the flap, in 
order to avoid a bigger dog ear following the abdominal 
advancement flap.

41.5.3  Surgical Technique

The patient is placed in a lateral decubitus position 
(Fig. 41.1d), with the arm in abduction to open the axilla. 
The dorsal area is infiltrated with a diluted adrenaline and 
saline solution. This helps to distinguish Scarpa’s fascia 
(superficialis fascia) during harvest. The skin paddle is 

incised by a single cut down to the superficialis fascia 
(Fig. 41.1e, f). Dissection then follows the deep aspect of 
the superficialis fascia, taking care to leave the deep fat on 
the muscle (zone 2). The upper limit of the undermined area 
reaches the inferior angle of the scapula. The medial limit is 
the trapezius muscle. The whole area of fatty tissue 
(Fig. 41.1g) between the superior border of latissimus dorsi, 
trapezius, and the upper limit of the undermining defines the 
surface of the scapular hinge flap (zone 3). The flap is then 
harvested respecting the trapezius, teres major, and rhom-
boid muscles. The cutaneous prolongation of the circumflex 
scapular pedicle should be carefully cauterized. In the lower 
part, undermining should be a little wider than the strict area 
over latissimus dorsi in order to facilitate the following 
release of the muscle. The lower limit lies above the iliac 
crests in order to harvest fat from the love handles (zone 5). 
An alternative option is to harvest the love handles fat by the 
lipomodelling technique and inject it in the pectoralis major 
in order to enhance the low neckline. In that case, the lower 
limit of the latissimus dorsi harvest stops just above the 
waist. The cutaneous perforators of the intercostal posterior 
arteries that lie above the transverse processes mark the 
medial limit. In the lateral part, dissection begins a few cen-
timeters anterior to the anterior margin of the latissimus 
dorsi in order to harvest fat in zone 4. The muscle is then 
separated in the deep plane from the serratus anterior by 
starting at about 12 cm from the axilla, because muscle har-
vest is easier there [1]. Submuscular undermining is contin-
ued by harvesting the deep fat (zone 6) and by carefully 
cauterizing the accessory pedicles (Fig. 41.1h). When latis-
simus dorsi is completely undermined, its distal part is sec-
tioned, from the deep part toward the surface, as horizontally 
as possible in order to include as much fat bulk as possible. 
Fat located in zone 5 is now often harvested by fat grafting 
canulas. In the axillary region, the pedicle is then freed so 
that it can be transposed without tension or kinking, and the 
latissimus dorsi tendon is sectioned. The pedicle is 
approached posteriorly by separating the teres major muscle 
from the latissimus dorsi, in a distal to proximal direction. 
The origin of the latissimus dorsi pedicle (Fig.  41.1i) is 
identified by following the serratus anterior pedicle up to the 
Y-shaped bifurcation. The branch to the serratus anterior 
should be carefully preserved to ensure blood supply to the 
flap in case of a lesion of the thoracodorsal pedicle above 
the bifurcation. The scapular angular artery is cauterized in 
order to make flap transposition easier. When the pedicle 
has been identified, a finger is passed under the tendon 
(between the pedicle and the tendon) to protect it during 
partial proximal section of the tendon. Ninety-five percent 
of the tendon is sectioned. The flap is then ready (Fig. 41.1j) 
to be transposed to the breast area via a subcutaneous tunnel 
or directly if the dorsal scar is in continuum with the tho-
racic scar. The donor site [8] is irrigated and hemostasis 

Fig. 41.2 The forced adduction maneuver. Here a congenital absence 
of latissimus dorsi is characterized by the “coup de hache”
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checked. The whole area of harvest is closed with quilting 
sutures done every 3 cm with barbed sutures, and one suc-
tion drain is placed.

41.5.4  Positioning and Modeling of the Flap

Patient positioning and modeling of the flap differ in delayed 
breast reconstruction, in immediate reconstruction or in con-
version of implant-based reconstruction to autologous 
reconstruction.

• Delayed reconstruction

We generally try to avoid the use of a dorsal paddle on the 
breast. The skin of the breast is recruited from a thoracoab-
dominal advancement flap [9]. The flap is then placed in 
position in the newly created breast pocket. After making 
sure that closure can be done without tension, the decision is 
made to totally bury the flap and the skin of the flap is 
removed. The flap is then modeled very simply by placing 
zone 1, with the dermis removed, in a vertical position ori-
ented along the mammary axis, without folding or need for 
any particular modeling (the cutaneous compartment gives 
the shape of the breast). Two suction drains are inserted, and 
then closure is carried out in two planes (Fig. 41.1k, l).

• Immediate reconstruction

We usually reserve immediate reconstruction for patients 
who will not receive adjuvant radiotherapy, although irradia-
tion is well tolerated by the autologous latissimus dorsi flap.

Modelling is begun by recreating the limits of the normal 
breast compartment with absorbable sutures. The inframam-
mary fold and its axillary extension are the most important 
structures to recreate. The flap is secured at the upper limit of 
the mastectomy area by two absorbable sutures. The distal 
part of the muscle and its underlying fat are folded under the 
breast mound to increase volume and projection. After plac-
ing the latissimus dorsi flap in position, the skin paddle is 
brought out through the mastectomy incision. We used to 
shape it as an asymmetrical U, but nowadays we rarely use 
this design. Instead we place the flap in its breast cutaneous 
envelope with the skin paddle oriented vertically. As the 
position of the areola is predefined and since secondary nip-
ple reconstruction using local flaps or composite nipple 
grafts is known to give disappointing results such as flat nip-
ples lacking projection, we tend to reconstruct the nipple at 
the same time as the breast. We reconstruct the nipple using 
the skin paddle of the latissimus dorsi flap (Fig. 41.3d, e). A 
bifoliate design is used with two rectangular dermal-fat flaps 
with a central pedicle of about 2 cm by 1 cm; the skin flaps 
are then rolled around each other recreating the nipple [10]. 

a

d e f

b c

Fig. 41.3 A 61-year-old patient after reconstruction failure with breast 
implant. Delayed right breast reconstruction combining an autologous 
latissimus dorsi flap with an abdominal advancement flap. Left breast 

mastopexy. Result at 12  months. (a–c) Preoperative views. (d–f) 
Postoperative views

41 Autologous Latissimus Dorsi Breast Reconstruction



546

The reconstructed breast must be larger than the expected 
final result and the nipple-areola complex 1 cm higher at the 
end of the procedure [11]. Since 2007, in order to shorten 
operative time and avoid position change, we try to make the 
modeling in the lateral decubitus position. We only make the 
dorsal dressing in lateral decubitus position. The patient is 
then put on her back in a sitting position to control the shape 
of the reconstructed breast: in case of an unsatisfying result, 
the wound is reopened in order to improve modeling. This 
approach saves half an hour of operative time and is interest-
ing for very experienced surgeon.

• Conversion of implant-based breast reconstruction to 
autologous reconstruction

Following implant-based breast reconstruction, patients 
sometimes develop a capsular contracture or express some 
unsatisfaction about their reconstruction: not being comfort-
able with a foreign body, feeling their breast cold, or unsatisfied 
about the aesthetic outcome. In these conditions, conversion of 
the prosthetic reconstruction to an autologous reconstruction 
with the autologous latissimus dorsi flap is a good option.

A key point is to underline the mammary base with a 
nicely marked inframammary fold and lateral fold. If the 
inframammary fold is already well designed, the interven-
tion can be entirely performed in the lateral decubitus posi-
tion. Fat harvest of the supra-iliac region allows lipomodelling 
of the décolleté; the implant is replaced by the autologous 
latissimus dorsi, and the flap is then totally buried.

41.5.5  Lipomodelling

Lipomodelling is an integral part of the breast reconstruction 
with the autologous latissimus dorsi flap. Fat grafting of the 
pectoralis major is already performed during the first opera-
tion, but a second sequence is needed approximately 
2  months later in order to recreate breast volume. If the 
patient is expecting a bigger volume and is willing to, a third 
sequence is planned as well. We try to plan the lipomodelling 
early enough, before muscle atrophy takes place so the recip-
ient for fat grafts is large as possible. This technique is safe 
and efficient and became a standard procedure for recon-
struction not only after mastectomy but also after breast con-
servative treatment and for breast or thorax malformation 
[12–16].

41.5.5.1  Markings
Areas of the breast requiring correction are marked on the 
upright standing patient. The various fatty deposits areas of the 
body are identified. In the reconstruction setting, the abdomi-

nal fat is often harvested first as it is greatly appreciated by 
patients, and it does not require position change during the 
procedure. Other areas often harvested in dorsal decubitus are 
the anterior and internal thighs and the internal knees.

41.5.5.2  Anesthesia
Lipomodelling is performed under general anesthesia 
because of the important amounts of harvested fat in the 
majority of patients. IV prophylactic antibiotics are given at 
anesthesia induction.

41.5.5.3  Fat Harvest
Fat infiltration is made with infiltration cannulas with a 
solution of 0.5  l saline and 0.5 mg adrenaline. Fat is suc-
tioned manually with a blunt tip, 5-hole cannula of 3.5 mm 
diameter connected to a 10 ml syringe. Suction depression 
is moderate to minimize adipocytes damage. Enough fat 
has to be harvested to compensate for the loss during cen-
trifugation and the expected resorption after transfer. 
Finally, harvested areas are infiltrated with a ropivacaine-
saline solution before closure in order to reduce postopera-
tive pain.

41.5.5.4  Fat Preparation
The assistant prepares the fat during the harvesting process. 
Fat is centrifuged for 20 s at 3200 rpm. The top layer of oily 
fluid and the bottom layer of serum remnants are then dis-
card in order to keep the middle layer of purified fat. Using a 
three-way tap, the 10 ml syringes are filled with purified fat.

41.5.5.5  Fat Transfer (Fig. 41.4)
Punctiform incisions are made in the breast with a 18G 
needle. Fat is injected to the breast with a 2 mm diameter 
cannula of 13 or 20 cm length connected to a 10 ml syringe. 
Several incisions are made in order to create multiple 
microtunnels for fat transfer in different directions, but tun-
nels must be always parallel to the thorax in order to avoid 
pneumothorax. About 2 ml fat is transferred at each can-
nula withdrawal, creating fine fat lines resembling to spa-
ghettis. Spatial visualization is needed to form a 
three- dimensional matrix and to avoid areas of fatty collec-
tions that would lead to fat necrosis. Adherences are freed 
by fasciotomies done with a hook over the adherence and a 
18G needle for release.

41.6  Results

The results of breast reconstruction with the autologous 
latissimus dorsi flap were first evaluated in 1998, followed 
by a study of 400 cases in 2001. Both patients and surgeons 
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showed a very high satisfaction rate in 97% of cases (87% of 
the cases were rated “very good” by the surgeons versus 85% 
of cases by the patients, 10% of the cases were rated “good” 
by the surgeons versus 12% of cases by the patients). There 
was no case considered a failure. Residual scarring of the 
back was assessed as minimal by 96% of patients and mod-
erate by 4%. In addition to the satisfying cosmetic result, 
autologous latissimus dorsi breast reconstruction enabled 
patients to better integrate their new body image and to 
recover their feminity, due to the sensitive supple, warm, and 
natural feeling of the flap [17]. Lipomodelling improves per-
ception of the flap as well, by making it supple enough to 
imitate the consistency of a natural breast.

We present some clinical cases with long-standing results 
(Figs. 41.3, 41.4, 41.5, 41.6 and 41.7).

41.7  Complications

We describe the complications possibly associated with the 
procedure (1290 surgical procedures done by the senior 
author), the strategies used to prevent their occurrence, as 
well as the techniques available for managing such compli-
cations when they occur.

41.7.1  Immediate Complications

• Latissimus dorsi myocutaneous flap necrosis: There was 
one case of complete flap necrosis (non-patent vascular 
pedicle) and two cases of partial necrosis. In the first case, 
early surgical debridement was required on postoperative 
day 6 to remove the latissimus dorsi flap before the onset 
of an infection. Creation of a small abdominal 
advancement flap allowed subsequent breast 
reconstruction with subpectoral prosthesis implantation 
[1]. In the two cases of partial necrosis, we could maintain 
a pure autologous reconstruction thanks to fat grafting at 
a second stage.

• Postoperative dorsal hematoma: The risk for hematoma 
formation is related to the extent of flap harvesting and is 
similar to the risk of patients undergoing traditional 
musculocutaneous latissimus dorsi flap, which is less than 
1%. Careful ligation or cauterization of secondary 
segmental pedicles and compressive dressing of the back 
are required to achieve good hemostasis. However since 
we use barbed sutures as quilting suture to close the dead 
space of the back, we have no more hematoma.

d

a b c

e f

Fig. 41.4 A 45-year-old patient after radiotherapy. Delayed left breast 
reconstruction in a slim patient with an autologous latissimus dorsi and 
abdominal advancement flap. Right mastopexy and left lipomodelling 

(251  cc) at 5  months. Results at 12  months postoperatively. (a–c) 
Preoperative views. (d–f) Postoperative view

41 Autologous Latissimus Dorsi Breast Reconstruction
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• Infection: The risk of infection is extremely low, less than 
1% owing to the autologous nature of the procedure and 
the high vascularization of the muscle. Infection of the 
dorsal seroma is reported in approximately 1% of cases. It 
is generally attributed to secondary infection in patients 
undergoing draining puncture.

41.7.2  Early Complications

• Skin morbidity at the donor site: The extensive dorsal 
undermining required for elevating the myocutaneous 
latissimus dorsi flap with its fatty extensions could 
compromise the skin. The risk stays relatively low (1% of 
our patients). Skin necrosis happens when the flap harvest 
is too thick, with a dissection carried out above the 

superficialis fascia [1]. Skin necrosis also occurs when an 
extensive dorsal paddle is harvested. We report no skin 
necrosis of the donor site in our series.

• Skin morbidity at the recipient site: In patients undergo-
ing immediate breast reconstruction, the skin of the breast 
is preserved. Skin morbidity in these patients is thus not 
directly related to the technique used for reconstruction 
[10]. In case of delayed breast reconstruction with 
thoracoabdominal advancement flap, marginal skin 
necrosis is seen in approximately 5% of the patients. 
Marginal necrosis (0.5–1 cm) can be excised and closed 
under local anesthesia or by secondary closure with 
insertion of a local flap.

• Seroma formation at the donor site: Before using quilting 
sutures, this was the most common and the mildest com-
plication of latissimus dorsi flap. In our experience, seroma 
occurrence is more of a nuisance than a complication, and 

a

d

g h

e f

b c

Fig. 41.5 A 43-year-old patient. Right immediate autologous latissi-
mus dorsi reconstruction and immediate nipple reconstruction after 
skin-sparing mastectomy. Lipomodelling of right breast (231  cc). 

Results at 12 months postoperatively. (a and b) Preoperative views. (c) 
Preoperative latissimus dorsi flap. (d) Preoperative nipple areolar com-
plex reconstruction. (e–g) Postoperative views
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it has not prevented the extensive development of the tech-
nique in our institution. In 2006, we started to use quilting 
sutures in all our patients. The technique [8] consists in 
placing numerous stitches between the superficialis fascia 
and the thoracic wall (10 stitches on the upper cut dorsal 
flap and nearly 16 stitches on the lower dorsal flap). 
Seroma incidence rates decreased from 21% to 9% in our 
patient population. Since we use barbed sutures for quilt-
ing (making zigzags to close the dead space), our seroma 
incidence seems even lower, and we had no more chronic 
seroma.

• Scapular sequelae: Latissimus dorsi muscle harvest may 
result in long-term deficit of shoulder function. However, 
the loss of the latissimus dorsi is well compensated by 
other muscles of the shoulder. In some rare cases (1%), 
the patient may experience transient shoulder stiffness or 
even develop scapulohumeral periarthritis. This damage 
is more frequent after immediate breast reconstruction, 

when the constraints of reconstruction cumulate with 
those of mastectomy and axillary dissection, but it may 
also occur in patients undergoing mastectomy alone. 
Coping and psychological follow-up are very important 
to limit scapular and dorsal pains.

41.7.3  Late Complications

• Loss or insufficient breast volume: A breast volume 
decrease is observed at 3 postoperative months due to 
muscle atrophy [12]. Plastic surgeons involved in these 
procedures must have thorough knowledge of the out-
come of fat grafting after autologous latissimus dorsi flap 
reconstruction. Lipomodelling [2, 12] should always be 
offered to the patient as a second stage. If the volume of 
the reconstructed breast decreases after a few months, it 

a

d e f

b c

g h

Fig. 41.6 A 43-year-old patient. Secondary case of capsular contrac-
ture stage 3 after left breast reconstruction with implant and right 
implant extrusion after prophylactic mastectomy and breast immediate 
reconstruction. Conversion of the left reconstruction with autologous 

latissimus dorsi flap and right breast reconstruction with a second-stage 
autologous latissimus dorsi flap. Both flaps are totally buried under tho-
racic and abdominal skin. Results at 3  years after a complementary 
lipomodelling session
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could be possible to improve the match with the natural 
breast by lipomodelling [13] with very good long-stand-
ing results. A transient overcorrection of the volume of 
the breast is necessary to obtain satisfactory results on the 
long term [13, 14]. When large breast augmentation is 
required, repeated lipomodelling sessions are performed 
[15, 16].

• Dorsal pain: The intensity of pain may vary according to 
the patient’s physical and psychological state, ranging 
from “no discomfort at all” to “dorsal pain.” Pool physio-
therapy is also a fundamental tool to achieve early and 
complete back and shoulder rehabilitation.

• Dorsal hematoma: The late occurrence of a seroma- 
hematoma is reported in 2% of our first 400 patients. 
Hematoma is caused by the collection of blood at the 

donor site, possibly due to the rupture of a vein while 
making violent movements. Like dorsal seroma, this 
complication has dramatically decreased with the system-
atic use of quilting suture for the closure of dorsal wounds 
and has completely disappeared with the use of barbed 
sutures for quilting.

41.8  Conclusion

The autologous latissimus dorsi flap has become a perfectly 
adapted procedure for pure autologous breast reconstruc-
tions. After various technical improvements, its ease of use; 
its versatility, reliability, and acceptable constraints; and its 
low complication rate make this technique our major surgi-

a

d

g h

e f

b c

Fig. 41.7 Delayed left breast reconstruction wit autologous latissimus 
dorsi and a complementary stage of lipomodelling. (a, b) Preoperative 
views. (c, d) Preoperative markings. (e) Fat harvesting with 3.5 mm 

cannula. (f) The spaghetti principle. (g) Fat transfer into the breast. (h) 
Preoperative result, the breast is mildly hypercorrected

E. Delay et al.
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cal procedure for autologous breast reconstruction. Because 
of its excellent blood supply, it can be used in difficult cases 
as in radiation sequelae. A second stage of fat grafting is 
required to optimize results in order to obtain a reconstructed 
breast with a volume, shape, and consistency close to a nor-
mal breast. We consider the autologous latissimus as an ideal 
matrix for fat transfer.

This procedure needs a learning curve and a specific train-
ing to get good results. In our experience, this technique pro-
vides excellent long-standing results for autologous breast 
reconstruction. With the new approach of the short scar latis-
simus dorsi flap, this technique appears as the new “gold 
standard” in breast reconstruction.

Disclosure None.
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Monopedicled TRAM Flap

Andrea Manconi

The transverse rectus abdominis myocutaneous (TRAM) 
flap revolutionized breast reconstruction, allowing surgeons 
to create a breast that is soft, warm, and with good and long- 
lasting result [1]. Despite advances in free flap breast 
reconstruction, pedicled TRAM flap breast reconstruction 
remains an excellent option for unilateral breast 
reconstructions. Unlike microsurgical breast reconstruction, 
the pedicled TRAM flap does not require sophisticated 
postoperative monitoring and can be performed efficiently in 
any hospital setting.

42.1  History

Robbins [2] described the use of a vertical rectus abdominis 
flap for breast reconstruction in 1979. Drever [3], Dinner [4], 
and Sakai [5] refined variations on the use of vertical rectus 
abdominis myocutaneous flaps for breast reconstruction, but 
initially Hartrampf observed during abdominoplasty 
procedures that the lower abdomen could survive as an island 
of tissue as long as the attachments to the rectus muscle were 
kept intact. Hartrampf and colleagues [6–8] took the bold 
step of changing the skin island orientation to a transverse 
one across the midabdomen, making a larger volume of 
tissue available for breast reconstruction with a cosmetically 
desirable donor site describing in 1982 the TRAM flap as the 
use of the excess skin and subcutaneous fat that is routinely 
discarded in an aesthetic abdominoplasty for breast 
reconstruction. From these beginnings, the TRAM flap was 
destined to become the gold standard procedure for breast 
reconstruction, and nowadays, it remains a very good surgical 

option. Subsequently, several free flap options have devel-
oped as refinements of the original pedicled technique, 
including the free TRAM, the muscle-sparing free TRAM, 
and the perforator flaps.

42.2  Anatomy

The skin and fat of the lower abdomen are supplied by five 
major sources:

• Superior epigastric vessels arising from the termination of 
the internal mammary vessels

• Deep inferior epigastric vessels
• Superficial inferior epigastric vessels
• Intercostal segmental vessels
• The superficial and deep circumflex iliac vessels

The predominant blood supply of these areas is from the 
deep inferior epigastric system [9–11]. The vessels from 
both epigastric systems perforate the rectus muscles on their 
deep surfaces and travel as single or duplicated vessels up 
and down the flap arising to the skin in two rows, a medial 
one and a lateral one (Fig. 42.1). This system is cranially 
connected with the superior epigastric vessels, which repre-
sents the unique vascular pedicle used when raising a pedi-
cled TRAM flap, even if the eighth intercostal vessels can be 
incorporated into the pedicle to augment blood supply if 
necessary.

Rectus muscles can be vascularized by three different 
patterns:

Type I: single superior and inferior arterial supply (29%)
Type II: double-branched system from each source artery 

(57%)
Type III: has a triple-branched system from each vessel 

(14%)
Symmetrical vascular pattern symmetry was described in 

only 2% of patients.
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Millory found that only 40–50% of patients have macro-
scopic communication between the two systems, while 60% 
of patients have choke vessels of microscopic caliber [12]. 
The superior vessels pass into the muscle from the deep 
aspect of the costal margin and run inferiorly. The distal sup-
ply enters the posterolateral aspect of the muscle below the 
arcuate line and passes up to anastomose with the superior 
vessels in the periumbilical area. Major vascular supply is 
provided by the deep inferior vessel with venous drainage 
system supported by two large venae comitantes into the 
iliac vein. The inferior and the superior venous systems cre-
ate an anastomotic web at the umbilical level. When a pedi-
cled TRAM flap is raised, distal venous flow has to reverse 
and follow the drainage pattern of the superior veins, over-
coming the venous valves within the choke system described 
by Taylor and colleagues [11]. Arterial perforators arise in 
two rows aside the linea alba. The lateral row lies 2–3 cm 
within the lateral border of the rectus sheath, while the 
medial row lies 1–2 cm from the linea alba. These vessels 
vary significantly in both size and number; their caliber may 
vary up to several millimeters in diameter.

The anterior rectus sheath is tightly adherent to the mus-
cle at the tendinous inscriptions. It is formed by two layers 
provided by external and internal oblique muscles in the 

lower rectus muscle and by a single layer in upper rectus 
muscles. During flap elevation, it is possible to harvest a 
gentle strip of fascia within the muscle in order to keep it 
more resistant to tractions or to spare as much fascia as 
possible in order to provide a more stable closure of the door 
site [13]. A muscle-sparing technique can be used to leave 
strips of the muscle laterally and medially to assist in 
maintaining abdominal wall strength, but it has been 
demonstrated that any left muscular segment loses 
neurovascular inputs [14, 15]. For these reasons nowadays, 
muscle-sparing pedicle TRAM flap can be considered 
obsolete. Two major vascular classifications exist for TRAM 
flap blood supply. The most classical description was intro-
duced by Hartrampf (Fig.  42.2a), who divided the supply 
into four zones:

• Zone I: overlying the muscle pedicle
• Zone II: lying across the midline, immediately adjacent to 

zone I
• Zone III: lying lateral to zone I on the ipsilateral side
• Zone IV: lying lateral to zone II on the contralateral side 

from the pedicle

Zone I has been found to be the most reliable portion of 
the flap. The medial portion of zone III is the next most 
reliable portion of the flap, but it decreases in blood supply 
close to the ipsilateral tip. The medial portion of zone II is 
also usually reliable, but the lateral part is less predictable. 
Finally zone IV should be always considered not vascularized 
and discarded routinely. Holm and colleagues [16] 
demonstrated that while zone I remains the most reliably 
perfused portion of the flap, any flow across the midline is 
more precarious than ipsilateral flow. So the classification 
proposes that Hartrampf’s zone III should be renamed zone 
II, while Hartrampf’s zone II should be renamed zone III 
(Fig. 42.2b) .

Moon and Taylor [11] recommend surgical delay of the 
TRAM flap 1 week before definitive elevation. The procedure 
focuses on ligation of the superficial and deep inferior 
epigastric systems in an outpatient setting. It increases 
arterial supply, but TRAM flap partial necrosis is often 
related to venous congestion rather than arterial inadequacy. 
Bigger flap can be raised with a bipedicled approach or as a 
free flap.

42.3  Surgical Technique

Appropriate patient selection is the key to achieving predict-
able results. Candidates for TRAM flap breast reconstruction 
must have sufficient lower abdominal tissue to achieve a suc-
cessful reconstruction. Clinically, this can be evaluated by 
estimating the amount of superficial fat in the lower abdomen 

Fig. 42.1 Corpse dissection of a TRAM flap: scissors are collocated 
behind superior pedicle, and flap is rotated toward the chest. It is clearly 
visible the inferior pedicle running posteriorly to the rectus muscle

A. Manconi
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by squeezing the tissue between one’s index finger and thumb 
(i.e., the “pinch test”). Patients with prior abdominal surgery 
should be carefully selected before undergoing to TRAM flap 
reconstruction. Pfannestiel and McBurney incision can be 
considered safe. Surgical technique for flap harvesting can be 
considerate similar in immediate or delayed reconstruction. 
Preoperative markings consist in midline drawing (very effec-
tive in donor site closure to achieve a good symmetry and 
result) and cutaneous palette drawing. This is obtained mark-
ing a sovrapubic transverse straight or arcuate line from one 
inguinal fold to the other. Laterally it continues upward in the 
inguinal fold or parallel to it up to the superior transverse 
mark. This line is drawn 1 or 2 cm above the navel, and later-
ally it creates an angle aside the anterior superior iliac spine. 
Markings are variable in function of the amount of the skin 
and fat available in the lower abdomen. Also inframammary 
folds are marked. Preoperative Doppler is useful in order to 
find perforators, but it isn’t mandatory. Recipient site mark-
ings are different in case of immediate or delayed reconstruc-
tion. In immediate breast reconstruction, the breast ongoing to 
mastectomy is marked on oncological patterns such as Patey 
mastectomy, skin-sparing mastectomy, or nipple-sparing 
mastectomy.

In case of delayed breast reconstruction, it is suggested to 
mark inframammary fold in the contralateral breast and to rec-

reate the opposite one with the same footprint but 2 cm above: 
it will be lowered during the donor site closure by donor site 
suture tension. The skin between this marking and mastec-
tomy scar should be removed in order to recreate a natural new 
inframammary fold, but the surrounding skin should be 
excised if radiodystrophic. Tight mastectomy scar can also be 
cut in a Z-style incision if releasing skin tension is needed.

Perioperative assessment consists in heparin prophylaxis 
associated with pneumatic leg pumps. Blood transfusions 
can be required but should be prevented. Patient is positioned 
on a folding surgical bed.

Surgery starts undermining the epigastric flap in a supra-
fascial plane. The skin is incised to the sheath with an upward 
45° inclination in order to include as many perforators as 
possible and also in order to face donor site skin flap with 
similar thickness (Fig. 42.3).

Rectus abdominis muscles are both individuated up to the 
rib arc and xiphoid. Rectus muscles and external oblique 
muscles are dissected on a suprafascial plane keeping a very 
thin layer of fat on the fascia in order to respect suprafascial 
vascularization as much as possible (Fig. 42.4).

After that, a tunnel is undermined to the breast. Tunnel 
should be large enough to let surgeon fist pass. Before 
continuing dissection, it is helpful to tilt the patient in order 
to check donor site closure (Fig. 42.5).

a b

Figs. 42.2 (a, b) TRAM flap vascular zone classification by Hartrampf on the right and by Holm on the left
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Before continuing the flap dissection, it is suggested that 
donor site closure should be checked (Fig. 42.6). In case of 
excessive skin tension, it is possible to modify preoperative 
lower markings.

Flap dissection continues with sovrafascial dissection of 
the TRAM flap skin island from lateral to medial identifying 
perforators (Fig. 42.7). The choice of an ipsilateral or a contra-
lateral pedicle can be based on the availability of good perfora-
tors. If possible it is suggested to harvest an ipsilateral pedicle 
because it has been described to have a better perfusion [17] 
and also a better arch of rotation. Also ipsilateral pedicle 
avoids to have a muscle bulge in xiphoid after flap rotation.

Once the side to be dissected is decided, rectus sheet is 
incised all along its length medially the lateral border and 
few millimeters laterally the perforators. Fascia is also 
incised 1 cm lateral to the medial border of the muscle down 
to skin palette (Fig. 42.8).

The muscle is dissected from the fascia and intercostal 
segmental vessels, and nerves are ligated (Fig. 42.9). Main 
vessels run just beneath the muscle, so it is suggested that 
posterior fascia should be dissected by fat surrounding main 
vessels.

Fig. 42.3 Elevating the epigastric skin flap. A 45° initial incision can 
obtain several improvements such as better skin vascularization and 
better donor site close with nice aesthetic result

Fig. 42.4 Epigastric skin flap is elevated: rectus muscles are both indi-
viduated up to the rib arc

Fig. 42.5 A tunnel is undermined to let transpose the flap to the chest. 
It should be large enough, but it is suggested that dissection should not 
exceed midline in order to respect the inframammary fold

A. Manconi
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Then inferior pedicle is ligated and the muscle divided 
downward the pedicle insertion in the muscle, if possible 
upward the Douglas arcade (Fig. 42.10).

Rectus sheath can be now incised from the inner, few mil-
limeters aside the linea alba, in order to spare as much sheet 
as possible, so to repair the fascial defect more easily. After 
that it is suggested that muscle perfusion should be checked: 
in case of bad perfusion, it will be still possible to harvest a 

bipedicled TRAM flap. In case of good muscular perfusion, 
the navel is isolated and cutaneous palette is dissected. Once 
the flap is harvested, it can look congested but soon after it 
achieve a well-perfused looking (Fig. 42.11).

Fig. 42.6 Checking donor site closure. Patient can be moved to a 
slightly sitting position, but skin tension should be avoided

Fig. 42.7 Lateral view of the skin island after dissection. Perforators 
are usually identified on a row

Fig. 42.8 Fascial dissection exposes the rectus muscle

Fig. 42.9 Rectus muscle is exposed by surrounding aponeurosis

Fig. 42.10 Inferior pedicle is identified (by blue loop) and ligated 
before cutting the rectus muscle inferiorly

Fig. 42.11 TRAM flap skin island is congested after dissection. Skin 
color can be reddish or bluish, and it is possible to identify superficial 
vein net

42 Monopedicled TRAM Flap
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It is a normal phenomenon, due to the gradual opening of 
choke vessels that improves venous drain. Zone IV and par-
tially zones II and III are resected, and the flap is now ready 
to be transferred (Fig. 42.12).

It is essential to denervate the eighth intercostal nerve at 
the costal margin in order to avoid unpleasant muscle con-
traction after reconstruction (Fig. 42.13).

42.4  Donor Site Repair and Closing

Competent rectus sheath closure is an essential procedure in 
any TRAM flap surgery as far as it should prevent the risks 
of hernia formation. It is essential to incorporate both the 

internal and external oblique aponeuroses into the sheath 
closure [18]. We suggest to incorporate a Mersilene mesh or 
an acellular matrix [19] in the closure, but some surgeons 
prefer not to use it, if not necessary, because of the risk of 
infection [20]. First mesh is sutured to the medial edge of the 
remaining rectus fascia, and then it is sutured laterally with 
single stitches transfixing external oblique muscle 
(Fig. 42.14). After that the lateral edge of the remaining rec-
tus fascia is sutured above the mesh in order to reinforce the 
closure (Fig. 42.15) .

Before closing, the navel is repositioned in the midline, at 
the level of ankle crease, defatting the epigastric flap. 
Quilting suture can avoid postoperative seroma formation 
and also prevents tension in the abdominal triple-layer 
suture. Prineo is an automatic system of closure that can be 
effective and time-sparing (Fig.  42.16). Please notice that 
donor site closure should be considered a very important 
phase of the procedure as abdominal results are very impor-
tant in demanding patients.

42.5  Flap Remodeling

Once the flap is harvested and transposed to the chest, the 
job isn’t yet completed: the following steps are probably the 
most important for patient satisfaction. We can distinguish 
different approaches in delayed or immediate reconstruc-
tion. In delayed reconstruction, scar should be excised and 
the skin undermined in the whole breast footprint. It is 
important first of all to determine the new inframammary 
fold. It is possible to compare the contralateral side after 
donor site closure or to draw it in a line that will lay 1 or 
2  cm upper the contralateral inframammary fold (that is 
because of the skin tension after donor site closure). 
Mastectomy scar can represent a challenge because it can 
push the flap down to the chest wall with a retracted appear-
ance. Most of the times, the solution is to excise completely 
the retracted scar and also most of the inferior mastectomy 
skin flap. Skin paddle can be orientated in different ways, 
but the principal two suggestions are 180° or 90°. First the 
skin paddle is fixed to the new inframammary fold, and then 
flap is put under mastectomy skin flaps after checking a 
good bleeding all along the skin and fat margins. In case of 
poor or venous bleeding, it is suggested to excise less per-
fused area in order to avoid partial skin necrosis as much as 
possible. Contralateral symmetrization is often required. 
Volume should be compared to the contralateral breast. Also 
Wagner and colleagues [21] devised a formula to calculate 
flap volume:

L × W × T × 0.81 = V where L is weight, W is width, and 
T is thickness of the TRAM flap, and V is flap volume.

Once the symmetry is achieved, undermined flap skin is 
deepithelized and flap can be sutured.

Fig. 42.12 TRAM flap extremities are less perfused, so it’d better to 
be excised. It is clearly visible a venous bleeding

Fig. 42.13 Eighth intercostal nerve is isolated on the rib edge

A. Manconi
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In case of immediate breast reconstruction, breast reshap-
ing is somewhat similar, but it is easier in case of nipple-
sparing or skin-sparing mastectomies, whereas TRAM flap 
skin paddle is completely or almost totally deepithelized and 
then sutured to the chest wall, allowing an easy remodeling 
like putting the jelly in the mold. It is suggested to spare the 
original inframammary fold in order to keep the original 
ptotic appearance of the breast, obtaining a symmetrical 
result.

42.6  TRAM Flap and Implant?

Somebody can identify a breast implant beneath a TRAM 
flap as an adulteration of one of a pure autologous recon-
struction, but it represents a very good indication in selected 
cases. First of all it is indicated in case like the following:

• Breast augmentation demanding patient without possibil-
ity to harvest a latissimus dorsi flap

• Patient refusing contralateral breast reduction
• Very large mastectomy or delayed breast reconstruction 

in patients presenting wide radiodystrophic area to be 
excised

• Bad perfused flap

The last one represents a revolutionary way to manage bad 
perfused flap. In fact, if a bad blood supply is identified dur-
ing dissection, it is suggested to harvest a bipedicled TRAM 
flap, but, if the flap looks poorly perfused after transposition, 
the idea is to excise as much skin as needed. It doesn’t matter 
how much volume you can lose because it can be replaced by 
an implant or an expander. In our series of patients with 
TRAM flap associated with implants, at European Institute of 
Oncology, they have very good outcomes in most of cases. 
Delayed volume augmentation is still possible with implant 
or fat grafting (Figs. 42.17, 42.18, and 42.19).

42.7  Complications

The major complications of delayed TRAM flap reconstruc-
tion include scarring, skin and fat necrosis, flap loss, hernia 
formation, deep venous thrombosis, asymmetry, abdominal 
tightness, and the psychosexual issues associated with breast 
reconstruction. Some degree of fat necrosis is common in 

Fig. 42.16 Donor site closure with Prineo

Figs. 42.14 and 
42.15 Donor site repair with 
mesh. It is essential to fix the 
mesh to the surrounding 
muscle compartment and then 
to suture the rectus sheath 
edges to the mesh in a 
dual-layer approach
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a b c

Fig. 42.17 (a–c) Immediate left breast reconstruction with ipsilateral pedicle TRAM flap after skin-sparing mastectomy, preoperative and post-
operative views. Please notice that abdominal scar can be easily hidden by pants

a b

Fig. 42.18 (a, b) Delayed left breast reconstruction with ipsilateral TRAM flap, preoperative and postoperative views. Please notice a good sym-
metry but a lateral deviation of the navel and a little bulge aside of it

A. Manconi
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any TRAM flap reconstruction whether free or pedicled. In 
our series, we observed different rates of partial necrosis 
(requiring surgical debridement). Also very rare total flap 
necrosis has been observed (Table 42.1).

42.8  TRAM Flap and Pregnancy

Despite the loss of muscle function after pedicled TRAM flap 
harvest, it is still possible for patients to conceive and carry a 
pregnancy to term as well as to achieve normal vaginal deliv-
ery [21]. Johnson and colleagues [22] described the successful 
vaginal delivery of monozygotic twins after bilateral pedicled 
TRAM flap reconstruction. Parodi and colleagues [23] caution 

against patients becoming pregnant within 12 months after 
TRAM flap surgery, reporting a single case of a woman 
becoming pregnant at 4 months postoperatively and develop-
ing a hernia. She delivered vaginally at term. We also 
observed some pregnancies after TRAM flap without major 
diseases (Fig. 42.20).

42.9  Secondary TRAM Flap Reshaping

The possibility of a natural and symmetrical result with 
TRAM flap is high, but still be possible to improve it with 
a secondary reshaping. It isn’t a standardized procedure. 
Surgical tips consist of mastectomy flap separation from 
TRAM flap that can be reduced, mobilized, liposucted, or 
lifted based on inferior pedicle. Then the skin is adeguated 
to the breast mount. In case of breast augmentation, 
implant pocket can be easily obtained under the flap. Also 
fat grafting is a valid alternative. A unique case of immedi-
ate breast reconstruction splitting a previous bipedicled 
contralateral TRAM flap in two was described by Rietjens 
et al. [24] (Fig. 42.21).

Fig. 42.19 Immediate breast reconstruction with TRAM flap and implant: preoperative and postoperative view

Table 42.1 TRAM flap necrotic complication, EIO series 1994–2007

Ipsilateral 
TRAM flap

Contralateral 
TRAM flap

Bipedicled 
TRAM flap

TRAM 
flap and 
implant

Partial 
necrosis

12.22% 14% 3.26% 7.89%

42 Monopedicled TRAM Flap
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a b c

Fig. 42.21 (a–c) A case of bilateral tram flap reshaping with breast reduction. Preoperative view with marking (a), postoperative view after bilat-
eral TRAM flap (b), and postoperative view after bilateral breast reshaping with inverted T mastopexy and liposuction (c)

Fig. 42.20 Pregnancy after immediate reconstruction with TRAM 
flap. This patient underwent to cesarian delivery without 
complication for her and for the newborn. Abdominal bulge was 
observed 1 year post-delivery
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Bipedicled TRAM Flap

Paulo Roberto Leal

43.1  Introduction

Described by Hartrampf et al. [1] in 1982 and popularized by 
many authors during the last 30  years, the use of the 
transverse skin and fat harvested from the lower abdominal 
region, the so-called transverse rectus abdominis 
myocutaneous (TRAM) flap, is still considered by many to 
be the gold standard for breast reconstruction. It gives the 
surgeon the possibility to recreate a breast of a desirable size 
with controlled shape.

The pioneer publication suggested that use of the flap 
could be delayed to improve vascular perfusion (and the 
authors did this in their first three cases). In four cases the 
authors used preoperatively selective angiography in order to 
confirm the anatomic continuity between the internal thoracic 
and the deep epigastric system. Therefore, they recognized 
the potential incapacity for efficient blood perfusion of the 
total abdominal flap through a single pedicle.

This deficiency was demonstrated later by Moon and 
Taylor [2] in their radiographic studies of the deep superior 
epigastric artery. Their publication is considered to be a 
landmark in the breast reconstruction literature and created 
the basis for the understanding of the complex circulation of 
the TRAM flap.

It was shown that blood perfusion can be unpredictable 
beyond the midline. This potential difficulty was experienced 
by many surgeons. Fat and skin necroses are frequently seen 
in different degrees when the flap is harvested in its total 
length.

Many suggestions were made to support a reliable blood 
supply to the entire flap. Delaying, supercharging, free flap 
transfer, and the bipedicled version of the TRAM flap are 

techniques that could effectively bring about better perfusion 
and therefore the possibility to enhance considerably the 
length of the abdominal flap [3–7].

The use of two pedicles for unilateral reconstructions has 
been demonstrated to be a simple way of improving the 
blood supply to the classic monopedicled TRAM flap. With 
this approach, theoretically, one could harvest the flap totally, 
beyond the safe zone [8] (Fig. 43.1).
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Although currently I use the procedure only in very select 
cases, it is able to provide the surgeon with an excellent 
amount of well-perfused abdominal tissue comparable only 
to techniques using free flap transfer.

43.2  Indications

Its principal indication is to increase the circulation to the 
abdominal flap; therefore, the blood supply can be doubled, 
and complications such as fat or cutaneous necrosis can be 
essentially minimized.

Maneuvers to improve the flap perfusion are used for 
patients with risk factors that can impair the perfect blood 
supply to the abdomen.

The most relevant risk factors are smoking, obesity, previ-
ous abdominal surgery, radiotherapy, and existence of sys-
temic disease (diabetes, hypertension) [9] (Fig. 43.2).

43.3  Free Flap or Bipedicled TRAM Flap?

The apologists for the use of microsurgical technique to 
transfer the abdominal tissue for breast reconstruction (free 
TRAM flap, muscle-sparing flap, deep inferior epigastric 
perforator (DIEP) flap) are extremely emphatic when 
describing its many advantages.

The main one is the unquestionable better blood supply, 
once the flap nutrition is provided by the inferior epigastric 
system (it is the primary blood supply to the lower abdomi-
nal skin and subcutaneous fat). The second one relates to the 
significant abdominal wall injury caused by the bilateral flap 
harvesting [10].

However, the free flap transfer demands especial skills of 
trained surgeons and nurses. The full control of the technique 
also depends on specialized staff to closely evaluate the 
patient during the postoperative period. Operating in a center 
where the patient can be safely taken to the operating room 
anytime for an urgent revision is also mandatory.

43.4  The Abdominal Wall Issue

It has been widely recognized that a unilateral or bilateral 
pedicled TRAM flap can lead to a considerable reduction of 
the abdominal strength (Fig.  43.3). Many publications on 
this subject witness the discomfort of authors with this topic.

An early study published by Hartrampf and Bennet [11] 
showed that the postoperative assessment of 300 women 
after bilateral harvesting resulted in a remarkable decrease of 
the abdominal strength, represented by an incapacity to per-
form sit-ups.

Also Petit et al. [12] in evaluating unilateral and bilateral 
pedicled TRAM flaps in 38 patients showed that 50% of the 

a b

Fig. 43.2 Preoperative (a) and postoperative (b) delayed reconstruction on a patient with visible damage after radiotherapy. The bipedicled 
TRAM flap was a suitable option a with good outcome

P. R. Leal
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single-pedicle transfers caused important impairment of the 
upper portion of the rectus and oblique muscles opposed to 
60% of the double-pedicle series.

The muscle-sparing technique (transferring only the cen-
tral portion of the muscle, which contains the vessels) based 
on the work of Mizgala et al. [13] has not proved the expected 
efficiency in reducing the morbidity to the abdominal wall of 
the classic pedicled TRAM flap, unilateral or bilateral. On the 
other hand, splitting the muscle in pedicled flaps remains con-
troversial, and some surgeons [14] emphatically avoid doing 
this because of the vascular pattern of the epigastric system 
(choke vessels connect the superior and the inferior systems), 
where superficial to the rectus muscle, an important net of 
arteries and veins can be injured during muscular division.

Finally, a recent study by Chun et al. [15] suggests there 
is no significant difference in donor-site morbidity, func-
tional outcomes, and patient satisfaction when bipedicled 
TRAM or DIEP flaps are used in breast reconstruction, con-
cluding that the technique remains a good choice for many 

patients who will undergo postmastectomy breast recon-
struction with autologous tissue.

43.5  Patient Selection

The success of the reconstruction employing the transfer of 
the lower abdominal tissue will ultimately depend on two 
factors: patient selection and the selection of the right 
procedure.

The patient is assessed for risk factors. Increased compli-
cation rates after TRAM breast reconstructions are associ-
ated with the following risk factors: age (over 60  years), 
obesity (more than 25% over ideal body weight), abdominal 
scars (primarily, Kocher, paramedian, or multiple abdominal 
surgical scars), diabetes mellitus, hypertension, previous 
radiotherapy applied to the chest wall, and smoking history.

I also consider it as indicated for patients who perform 
competitive high-impact sports or those who depend on 
intensive muscular dynamics at work (maids).

Anatomical assessment is also of paramount relevance, 
including abdominal contour and fat deposits (potbelly habi-
tus patients are formally contraindicated for TRAM flaps).

The slender patient and those patients with poor abdomi-
nal strength or abdominal muscular laxity will not be consid-
ered for bipedicled TRAM flap reconstruction.

Preoperative testing by sit-ups is an easy and effective 
method to evaluate the abdominal strength. Patients who are 
not able to perform these movements are considered poor 
candidates too.

To select the right procedure, one simple question is man-
datory: What are the patient’s needs?

The primary indication for the bipedicled TRAM flap is the 
need for a large amount of abdominal tissue to replace a large 
breast (Fig. 43.4). The second is a need for increased vascular-
ity. Patients who have risk factors will benefit from the tech-
nique. When we take as an example fat necrosis, a typical 
complication with its origin in poor vascular supply, for mono-
pedicled flaps, patients with two or more risk factors have three 
times the incidence of those with no or one risk factor. Patients 
with two or more risk factors who had bipedicled TRAM flaps 
had no associated increased incidence of fat necrosis. For flap 
loss complications, similar findings have been noted.

43.6  Patient Education and Preoperative 
Care

The patient is clearly informed about the procedure. 
Postoperative pain and 4–5 days of hospitalization is empha-
sized. The presence of drains that can remain for 1 week and 
the need for a synthetic mesh to reinforce the abdominal wall 
are also pointed out.

Fig. 43.3 Bulges and true hernias are more frequent with the bipedi-
cled TRAM flap technique

43 Bipedicled TRAM Flap
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The recovery time is roughly 6 weeks, and the patient is 
made aware of a long-resting period of not less than 2 months. 
The patient is also informed of weakness of the abdominal 
wall, mainly patients who undergo bilateral TRAM flap 
reconstructions.

Finally, potential complications are discussed, and it is 
important that the patient is confident in the capacity of her 
surgeon to solve every problem related to an incidental failed 
reconstruction.

I rarely do immediate bilateral or free TRAM flap recon-
structions. The extension of the operation added to the mas-
tectomy procedure is not appealing. Perhaps on an 
institutional basis with a very well-trained team, it could be 
beneficial to the patient.

I frequently use a two-stage operation, performing the 
permanent phase after a primary expansion simultaneously 
with the mastectomy; therefore, blood transfusion and clini-
cal complications have been rare in my practice.

43.7  The Importance of an Image Profile 
for Safe Harvesting

Since my interest in the perforator-based TRAM flap began, 
I have found the necessity of imaging evidence, which can 
give me not only the dimensions but also flow measurements 

of the upper and lower epigastric vessels, both breasts, and 
the positions of the perforators. Initially, I found the color 
Doppler scan very illustrative. The evolution toward angioto-
mography was able to detail and locate very clearly the 
whole system and its perforators to the lower abdominal 
skin-fat paddle (Fig. 43.5).

Probably this is not so important for the evaluation of 
pedicled flaps, but it can sharply define the circulation from 
the breast to the lower epigastric vessels, which can be useful 
in irradiated patients.

43.8  Surgical Technique

After a judicious selection of the technique and indication 
of the bipedicled TRAM flap, the flap is outlined on the 
abdominal wall. Two teams work simultaneously: one pre-
paring the recipient site and other undermining the abdomi-
nal flap.

The concept of “breast footprint” popularized by Blondeel 
et al. [16] is applied here to create a pocket of the right size 
to receive the abdominal flap and match the remaining breast 
in shape and volume (Fig. 43.6).

All scar tissue must be removed. In irradiated patients, 
extra care is required with the mastectomy flaps in order to 
keep them well vascularized, avoiding any damaging maneu-

a b

Fig. 43.4 Patients with large breasts benefit from double-pedicle harvesting. The whole abdominal flap can be safely raised
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a

b

Fig. 43.5 Color Doppler 
scan (a) and angiotomography 
(b) allow the surgeon to 
locate very clearly the whole 
epigastric system and its 
perforators

43 Bipedicled TRAM Flap



570

ver. Attention has to be paid to the submammary fold, which 
must be kept at the same level as that of the opposite side.

The tunnel that connects both spaces should be large 
enough to permit the large flap to pass through. At this point 
gentle maneuvers are expected, and compression or constric-
tion must be strongly avoided.

The abdominal flap is marked previously with the patient 
in the standing and seated position. The possibility of flap 
donation is rechecked and confirmed. The incision is placed 
in the most cosmetic position according to the principles of 
safety for an ideal closure (Fig. 43.7).

During the abdominal detachment, the surgeon should 
avoid dissecting too far laterally in order to preserve the 
intercostal perforators responsible for the vascular nutrition 
of the flap.

After the upper abdominal flap elevation, the rectus 
abdominis muscles are partially degloved from their sheath. 
A strip of fascia is kept attached to each muscle. I prefer to 
elevate the whole muscular unit. A better vascular supply is 
expected with this technique, and the damage to the abdomi-
nal wall is apparently equivalent to that with the muscle-
sparing technique.

The umbilicus is then outlined and released from the 
lower abdominal flap, making possible its future ascent to 
the thoracic wall.

Next, the identification and ligation of the lower deep epi-
gastric artery and veins is performed. Next, the lower abdom-
inal flap is entirely separated from the abdominal wall. This 
dissection is done with magnification (×2.5) and a sharp scal-
pel, so many tiny subcutaneous vessels can be identified and 
preserved. The epigastric pedicle is observed, and the point it 
enters the muscle is used as a landmark for its section. Usually 
this point is located above the arcuate ligament.

Both rectus abdominis muscles are sectioned, and the 
whole flap is raised to its new location very carefully with 
gentle maneuvers.

Next, the upper abdominal flap is inset and stapled in the 
new site with the patient in the seated position. Now, the new 
breast is shaped. I have no rules for this exciting time. The 
skin and fat flap must fit the subcutaneous pocket in the most 
appropriate position according to the remaining breast “foot-
print,” shape, and volume.

Once the surgeon feels the breast can be considered done, 
the patient returns to her normal decubitus position, and the 

a b c

Fig. 43.6 The concept of breast “footprint” is clearly shown here: an inverted-T pattern mastoplasty is drawn over one dermal fat paddle of a 
TRAM flap

a b

Fig. 43.7 The abdominal flap of a bipedicled TRAM flap ready to be transposed
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abdominal wall is repaired simultaneously to the breast 
suture.

I always use a Prolene mesh to repair the abdominal mus-
cular deficit. The mesh is sutured to the remaining oblique 
muscles with polydioxanone 2-0 in two planes.

A vacuum drain is always used and kept in place for at 
least 5  days for the new breast and abdominal areas. The 
abdomen is finally sutured following a normal abdomino-
plasty pattern.

A surgical brassiere is used for the breast, and a moderate 
compressive dressing for the abdomen is employed for 2 days.

43.9  Complications

Specific complications of the bipedicled TRAM flap are:
Fat necrosis is a late complication. It can appear after 

12 months and is associated with an ischemic mechanism. 
Clinically, it presents as a subcutaneous firmness that can be 
confused with malignancy (recurrence or a new tumor). A 
biopsy is mandatory to clarify the diagnosis. A more exten-
sive fat necrosis area can definitely compromise the cosmetic 
outcome.

Bipedicled TRAM flap and free flap transfer have signifi-
cantly reduced the incidence of fat necrosis.

Partial flap loss is a complication that occurs in more than 
10% of all pedicled TRAM flaps. It can happen to different 
degrees. Light marginal necrosis due to venous deficiency 
can be revised later and does not compromise cosmetically 
the result. A remarkable reduction of this complication is 
observed when the bipedicled TRAM flap or free flap trans-
fer is employed (Fig. 43.8).

Total flap loss can happen when free flap transfer is used, 
probably owing to arterial or venous thrombosis when sal-
vage methods have failed. It is infrequent for pedicled flaps 
and is extremely rare when bipedicled flaps are used. In gen-
eral, total flap loss corresponds to an important technical 
mistake.

These ischemic complications are often present in patients 
with more than two risk factors.

Hernias and abdominal laxity (bulges) are donor-site 
complications resulting from the bipedicle technique. From 
the mere incapacity to do sit-ups to real hernias and back 
pains, these are frequent complaints that afflict patients who 
underwent the technique.

In my personal series, I have had less than 2% of cases 
with abdominal laxity. I ascribe this low rate to respect for 
the arcuate line limits and closure in every case with only 
Prolene mesh.

Hematoma is minor complication. The rates of postopera-
tive bleeding and subsequent hematoma have been lowered 
to practically zero thanks to the long-term drainage and 
changing of chemoprophylaxis for venous thromboembo-

lism for intermittent leg compression perioperatively and 
postoperatively.

Seroma of the abdominal flap has also dramatically 
improved by regular tacking of the abdominal flap to the fas-
cia, enhancing the contact and avoiding the sliding move-
ments associated with the seroma.

Abdominal slough and necrosis are expected complica-
tions when extensive abdominal undermining is done. 
Limited dissection preserving the intercostal perforators is 
essential to avoid such complications.

For infections, prophylactic antibiotics are always used 
(according to the hospital protocol).

43.10  Discussion

Since its first description in 1982 by Hartrampf et al., the 
TRAM flap has been considered by many as the gold stan-
dard for breast reconstruction after mastectomy.

Technically it has evolved. Two issues propelled that 
evolution.

First, the blood supply. The classic pattern, monopedicled 
TRAM flap, has been demonstrated to be unreliable or at 
least unsteady when harvested beyond the midline.

Moon and Taylor [2] have elegantly and definitely dem-
onstrated that the rectus abdominis’s arterial and venous ter-
ritories both present the same pattern. Blood has to traverse a 
multiple venous valvular system before reaching the deep 
superior epigastric territory. These valves frequently impair 
the venous drainage owing to obstructions, resulting in fat 
and skin necrosis. Several modifications, including a more 
cephalad flap, primary delays, and the free TRAM flap trans-
fer, have minimized this problem.

Fig. 43.8 Partial flap loss: marginal necrosis follows generally pro-
gressive venous impairment
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The bipedicled TRAM flap also increased flap perfusion 
because of a dual artery inflow and similar venous outflow. 
Basically it is indicated when a large amount of tissue is 
required.

Partial flap loss and fat necrosis rates have been consis-
tently reduced by the method.

The recognition of risk patients made the technique 
appealing and for patients with more than two factors, for 
many surgeons, mandatory.

The other important and controversial issue is the injury 
that the pedicled TRAM flap causes to the abdominal wall. 
Hernias and bulges have been shown, mainly when the two 
rectus abdominis muscles are used. To minimize the anatomic 
deficit provided by TRAM flap harvesting, muscle-sparing 
free TRAM flap and no muscle transfer, like perforator flaps 
(DIEP flap and superficial inferior epigastric artery flap) have 
been described and popularized worldwide especially in cen-
ters where highly trained microsurgeons master the technique 
and perform it in a conveniently short time.

Unfortunately this is not the general rule for many ser-
vices where mastectomy is responsible for severe damage 
that needs to be fixed fast and safely.

Nonetheless, a study has been published comparing in a 
large series with a long follow-up patients who have under-
gone reconstructions with bilateral TRAM flaps with bilat-
eral DIEP flaps. The results showed no significant differences 
in donor-site morbidity, functional outcome, and patient sat-
isfaction between bilateral TRAM flap and DIEP flap breast 
reconstruction.

The author’s conclusion is although the perforator flap is 
technically an evolution, bilateral TRAM flap reconstruction 
is still a good option for autologous breast reconstruction.
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Free Flap Breast Reconstruction

Peter W. Henderson and Colleen McCarthy

44.1  History of Autologous Breast 
Reconstruction

The most recent incremental development in the progression 
of autologous breast reconstruction is microvascular free 
tissue transfer. As such, it is considered by many the gold 
standard approach to postmastectomy reconstruction.

The first documented form of modern autologous breast 
reconstruction was the latissimus dorsi myocutaneous flap, 
described by Iginio Tansini of Italy in 1896 [1]. Unfortunately 
this technique was not rediscovered by mainstream surgeons 
until the 1970s. Around the same time, the pedicled rectus 
abdominis myocutaneous flap with a vertically oriented skin 
and subcutaneous tissue island was developed [2], and the 
first free flaps were being performed for breast reconstruc-
tion using either groin flaps or latissimus dorsi flaps [3]. The 
next significant advance came in 1982 with the publication 
by Carl Hartrampf of the pedicled transverse rectus abdomi-
nis myocutaneous (TRAM) flap [4]. This was quickly fol-
lowed by the first description of a “free” TRAM by Roger 
Friedman in 1985 [5]. The next step in the evolution of 
abdominal- based breast reconstruction was the description 
of the total rectus abdominis-sparing free flap: the deep 
inferior epigastric perforator (DIEP) flap by Robert Allen in 
1994 [6].

Though used less commonly than abdominally based 
flaps because of multiple factors (most notably the less ideal 
donor location), gluteal-based free flaps (first described by 
Fujino et  al. in 1975 [7]) and thigh-based free flaps (first 
described by Yousif et al. in 1992 [8]) have been developed 
and refined over the course of the past two decades.

44.2  Advantages and Disadvantages

Regardless of exact surgical technique, the general goals of 
breast reconstruction are to maximize aesthetics while mini-
mizing morbidity. Microvascular free tissue transfer allows 
for the transfer of donor tissue that is an excellent match for 
native breast tissue, both in terms of the subcutaneous tissue 
that reconstitutes the breast mound and the simultaneous 
transfer of skin, where indicated. In addition, there exists a 
range of donor sites (including abdomen, thigh, and buttocks, 
among others), and increases the options for women who may 
have been previously not considered for autologous tissue 
transfer. Similarly, by expanding the repertoire of available 
flaps, the advent of microvascular free tissue transfer increases 
the available options in case the initial attempt at breast recon-
struction fails (regardless of whether it is device-based, pedi-
cled autologous, or free autologous). And finally, 
microvascular reconstruction can minimize donor site mor-
bidity in many situations.

Despite its many advantages, free tissue transfer is not 
without its disadvantages. Most notably, relative to both 
device-based and pedicled autologous reconstructive proce-
dures, the operative time for free tissue transfer procedures is 
longer (and in some cases significantly longer), which leads 
to an increased risk of intraoperative and postoperative com-
plications (e.g., deep vein thrombosis, surgical site infec-
tion). Additionally, compared to pedicled autologous flaps, 
the risk of total flap loss is increased.

44.3  Indications and Contraindications

Indications for patients to undergo microvascular free tissue 
transfer as means of breast reconstruction include healthy 
and realistic expectations. Patients should have a compre-
hensive understanding of the risks of the procedure, which 
include complete or partial flap loss, infection, fat necrosis, 
deep vein thrombosis or pulmonary embolism, wound heal-
ing complications, and the need for emergent reoperation.
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Contraindications include comorbidities that preclude a 
long operation, as well as anatomy that is not amenable to 
the procedure (either because of congenital anatomic variants 
or because of previous operations).

44.4  Relevant Surgical Anatomy

44.4.1  Donor Site: Abdominal Wall

The abdominal wall is comprised of skin, subcutaneous tis-
sue, fascia, aponeuroses, and muscle. Within the abdominal 
wall are arteries, veins, and nerves. Below the skin is fatty 
tissue, which is split into “supraScarpa’s” and “subScarpa’s” 
fat by the thin but moderately strong superficial fascia known 
as Scarpa’s fascia.

Lateral to the rectus abdominis muscles on both sides are 
the external oblique, internal oblique, and transversus 
abdominis muscles. These structures are muscular lateral to 
the rectus abdominis muscle and aponeurotic overlying the 
rectus abdominis muscles. The aponeuroses of these three 
muscles contribute to the formation of the rectus sheath, and 
the relative contributions are different above and below the 
“arcuate line” (of Douglas, also known as the linea 
semicircularis), which is about 1/3 of the way from the 
umbilicus to the pubis. Above the arcuate line, the anterior 
rectus sheath is comprised of the aponeurosis of the external 
oblique and the anterior leaflet of the internal oblique. At the 
same level, the posterior rectus sheath is comprised of the 
aponeuroses of the posterior leaflet of the internal oblique 
and the transversus abdominis. Below the arcuate line, the 
anterior rectus sheath is comprised of the aponeuroses of all 
three layers, and the posterior sheath only receives 
contribution from the thin, weak transversalis fascia. The 
intercostal neurovascular bundles run in the plane between 
the internal oblique and the transversus abdominis muscles.

The paired rectus abdominis muscles run from the costal 
margin and xiphoid to the pubis and receive blood supply 
from both the superior epigastric vessels and the deep inferior 
epigastric vessels (thus making it a Mathes-Nahai type III 
muscle). Each muscle has three or four tendinous inscriptions, 
and the muscle is innervated by multiple intercostal nerves 
that usually pierce the posterior rectus sheath and enter the 
lateral half of the muscle from the deep/posterior surface.

The overlying skin and fascia are perfused by both (1) a 
deep system comprised of the deep inferior epigastric artery 
and vein (DIEA and DIEV) and the superior epigastric 
vessels and (2) a superficial system comprised of the 
superficial inferior epigastric vessels (SIEA and SIEV). 
While abdominal donor tissue can be relied upon to be 
successfully perfused by the deep system in almost all cases 
in the setting of microvascular surgery, the likelihood that it 
can be equally well perfused by the superficial system is less.

44.4.2  Donor Site: Gluteal Region

The gluteal region potentially affords a large volume of fatty 
tissue (though it is usually denser and more fibrous than is 
abdominal or thigh tissue). The perforators that perfuse this 
region emerge from the gluteus maximus muscles and are 
branches of the superior gluteal and inferior gluteal vessels. 
Both vessels originate from the internal iliac vessels and exit 
the pelvis through the greater sciatic foramen. The greater 
sciatic foramen contains the piriformis muscle, and the 
superior gluteal vessels exit cranial to the piriformis muscle 
(“suprapiriformis”), and the inferior gluteal vessels exit 
caudal to the piriformis muscle (“infrapiriformis”).

44.4.3  Donor Site: Thigh

The fatty tissue of the medial thigh is generally of smaller 
volume than is found in the gluteal region but is thought to be 
softer and more similar to native breast tissue. The medial 
compartment of the thigh contains the adductor muscles 
(magnus, longus, and brevis) as well as the gracilis muscle. 
The blood supply to this region is from the profunda femoris 
system, either as perforators directly off the profunda femoris 
or else off of the medial circumflex femoral system.

The greater saphenous vein runs along the medial aspect 
of the thigh before it joins the deep venous system at the 
saphenofemoral junction. This vessel can be sacrificed but 
should be preserved if possible.

44.4.4  Recipient Vessels: Chest

The internal mammary artery (IMA) and vein (IMV) are the 
primary recipient vessels in the chest. As they arise from the 
first part of the subclavian artery and innominate vein, 
respectively, the IMA and IMV run just lateral to the sternum 
on both sides of the body in the fatty plane superficial to the 
parietal pleura. The terminal branches are the superior 
epigastric and the musculophrenic vessels.

Each of the true ribs (first through seventh) has a cartilagi-
nous portion that runs from the costochondral joint to the 
most anterior aspect of the osseous portion of each rib. 
Between each rib is the intercostal muscle bundle, which is 
comprised of three layers of muscle (the external intercostal, 
the inner intercostal, and the innermost intercostal). The 
neurovascular bundle (intercostal artery, vein, and nerve) 
tends to run in the plane between the inner and innermost 
intercostal muscles (analogous to the musculature of the 
abdominal wall).

A fairly well-defined plane exists between the anterior 
surface of the parietal pleura and the posterior aspect of the 
posterior perichondrium and deep surface of the innermost 
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intercostal muscles. This plane is comprised mainly of fatty 
tissue, as well as the IMA and IMV (which usually branches 
into two veins at approximately the level of the third rib). 
These vessels frequently have small branches that arise from 
the medial, lateral, or anterior surfaces (though rarely from 
the posterior surfaces) and must be ligated in a controlled 
fashion in order to safely utilize these vessels as free flap 
recipient vessels.

44.4.5  Recipient Vessels: Axilla

The axilla is conceptually thought of as a pyramid with a base 
(infero-laterally) and an opening at the apex (superomedi-
ally). The lateral border is the humerus, the medial border is 
the chest wall, the anterior border is the pectoralis major, and 
the posterior border is the latissimus dorsi.

There are a number of relevant arteries, veins, and nerves 
that are in the axilla. The axillary artery and vein and brachial 
plexus are obvious structures which should be preserved at 
all costs. The three most relevant nerves are the long thoracic, 
thoracodorsal, and intercostobrachial. The long thoracic 
nerve (which innervates the serratus anterior muscle) runs in 
a cranial-caudal direction on the lateral chest wall near the 
midaxillary line. The thoracodorsal nerve (which innervates 
the latissimus dorsi muscle) also runs in a cranial-caudal 
direction but, posterior to the long thoracic nerve, often on 
the deep surface of the latissimus dorsi. The intercostobrachial 
nerve (otherwise known as the lateral cutaneous branch of 
the second intercostal nerve) runs perpendicular to the course 
of the previous two nerves, in the upper axilla.

The thoracodorsal artery and vein are common recipient 
vessels for free tissue transfer and run with the thoracodorsal 
nerve. It is important to remember that the neurovascular 
bundle can be distorted and/or adherent to the lateral chest 
wall if the patient has previously undergone radiation treat-
ment or an axillary dissection.

44.5  Types of Free Flaps

44.5.1  Abdominal Flaps

The abdomen usually provides a good amount of skin and 
subcutaneous tissue available for transfer. Furthermore, 
the resulting abdominal contour and resultant scar approx-
imate very closely (though not exactly) an abdomino-
plasty, which many patients are pleased to undergo. Even 
patients who appear to have minimal tissue at the abdomi-
nal wall can successfully undergo breast reconstruction 
using this donor site (especially if unilateral, so that more 
than half of the tissue can be used for the single breast 
reconstruction).

44.5.1.1  TRAM (Transverse Rectus Abdominis 
Myocutaneous) Flap

The TRAM flap is the prototypical abdominal-based flap for 
breast reconstruction. It is harvested on the deep inferior 
epigastric artery and vein and carries some (in the case of the 
“muscle-sparing” TRAM) or all of the ipsilateral rectus 
abdominis muscle, as well as the overlying fat and skin.

The vascular connection between the DIEA/DIEV pedi-
cle deep to the muscle and the skin and subcutaneous super-
ficial to the anterior rectus sheath is in the form of perforators; 
these can be either small (and insufficient to independently 
perfuse and drain an entire flap) or large (and sufficient to 
independently perfuse the flap). The TRAM procedure does 
not specifically dissect and isolate these perforators but 
instead takes them collectively.

The potential functional consequences of sacrificing the 
rectus abdominis muscle include weakened abdominal wall 
flexion (which becomes most noticeable during “core” 
exercises such as sit-ups, golf, etc.) and abdominal bulges 
(that might or might not quality as distinct hernias). The 
magnitude of these consequences is variable and depends on 
how much of the muscle was injured and/or displaced, as 
well as how much of the muscle that was left in place was 
denervated (the innervation to the rectus abdominis muscle 
comes the intercostal nerves, which enter the muscle from 
the deep/posterior aspect of its lateral portion; even if the 
muscle is left in situ, disruption of its nerve supply renders it 
nearly as dysfunctional as if it had been removed).

44.5.1.2  DIEP (Deep Inferior Epigastric 
Perforator) Flap

A DIEP is technically a “total muscle-sparing TRAM,” as it 
dissects the perforating vessels through the rectus abdominis 
muscle, effectively leaving the muscle in place. It represents 
the current state of the art in abdominal wall-based breast 
reconstruction and requires a very high degree of surgical 
skill and comfort and familiarity working around the 
particularly small perforating vessels. Even relatively minor 
injury to these vessels can render them unusable and force 
the surgeon to seek an alternative source of tissue for 
reconstruction.

44.5.1.3  SIEA (Superficial Inferior Epigastric 
Artery) Flap

When it is judged that the flow through the superficial infe-
rior epigastric system is sufficient to carry a flap, then 
roughly the same amount of tissue as the DIEP/TRAM can 
be carried as a superficial inferior epigastric artery (SIEA) 
flap.

The greatest advantage of the SIEA flap is that the vessels 
usually originate from the common femoral artery and vein, 
and therefore never penetrate the rectus sheath or rectus 
abdominis muscle; instead they wrap around the rectus sheath. 
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This is beneficial because the dissection is both simpler and 
faster, which leads to a shorter operation, and by not having to 
at a minimum incise the anterior rectus sheath (which is done 
in the DIEP flap) and at most actually remove a segment of the 
anterior rectus sheath (which is done in the TRAM flap), the 
likelihood of incisional hernia is reduced nearly to zero.

The disadvantage of the SIEA flap is that the SIEA and 
SIEV do not always reliably perfuse the entire flap. At this 
point there is no definitive objective measure, though some 
authors have suggested that an SIEA diameter greater than 
1.5  cm can give the surgeon a reasonable expectation of 
sufficient perfusion.

44.5.2  Gluteal Flaps

Flaps harvested from the gluteal region include the superior 
gluteal artery perforator (SGAP) flap and the inferior gluteal 
artery perforator (IGAP) flap. Neither flap requires sacrifice 
of any muscle, and therefore donor site morbidity can be 
minimal. While abdomen-based flaps are the first-line choice 
in most cases, there are scenarios in which gluteus-based 
flaps may be chosen. First, if the patient has had prior 
abdominal surgery or liposuction, alternative flap donor sites 
should be strongly considered. Additionally, the gluteal flaps 
have a high “fat-to-skin” ratio (in contrast to the abdomen- 
based flaps, which have a high “skin-to-fat” ratio), and that 
makes them preferable in patients in whom the need for 
volume is greater than the need for skin [9]. It has been said 
that the ideal candidate for a gluteal flap has a large amount 
of gluteal fat and is interested in a reconstructed breast that is 
approximately a “B” cup. It must be remembered, however, 
that harvest of gluteus-based flaps requires intraoperative 
repositioning to a prone position, and accordingly breast 
resection and gluteal flap harvest cannot occur simultaneously.

44.5.2.1  SGAP (Superior Gluteal Artery 
Perforator) Flap

The SGAP flap is based on perforators of the superior gluteal 
artery, which is a branch of the internal iliac artery and 
emerges from the pelvis through the “suprapiriformis” 
portion of the greater sciatic foramen. Theoretical advantages 
of the SGAP flap include possible concealment in a swimsuit 
and possible hip roll improvement. The SGAP flap, however, 
has a short pedicle (5–8 cm), and the upper buttock design 
can lead to a “scooped-out” appearance.

44.5.2.2  IGAP (Inferior Gluteal Artery 
Perforator) Flap

The IGAP flap is based on perforators of the inferior gluteal 
artery, which emerges from the “infrapiriformis” portion of 
the greater sciatic foramen; also emerging from this foramen 
is the sciatic nerve. The advantages of the IGAP flap include 
the fact that the scar can be nearly completely hidden in the 

gluteal crease, it can correct “saddlebags,” and it has a longer 
pedicle than the SGAP flap (7–10  cm). The most notable 
disadvantage is the relative difficulty of the dissection, the 
closer proximity to the sciatic nerve, and tenderness with 
sitting in the early postoperative period.

44.5.3  Thigh Flaps

In cases in which the abdomen is not available as a donor 
site, the next tier of breast reconstruction donor sites includes 
the gluteal region and the thigh. Based on the gracilis muscle, 
or perforators in that vicinity, the fat of the medial thigh is 
considered by many to be a closer match to the soft, pliable 
breast fat, compared to the denser, fibrous fat of the gluteal 
region. Additionally, because both the dissection and the 
harvest are performed supine, repositioning is not needed, 
and thus the breast team and reconstructive team can work 
simultaneously.

44.5.3.1  Gracilis Myocutaneous Flaps
Gracilis muscle-based flaps can be designed with different 
skin paddle orientations, which have relative advantages and 
disadvantages in terms of reliability of vascularity, volume 
of tissue available, and potential donor site complications.

The transverse upper gracilis (TUG) flap optimizes vas-
cularity by including a wide swath of tissue that maximizes 
the likelihood of capturing perforators. By not including dis-
tal thigh skin, the surface area of skin available is less (and 
thus potentially insufficient in cases in which a large amount 
of skin is needed), and the transverse orientation can lead to 
labial spreading, which is a complication that is very difficult 
to treat [10].

The vertical upper gracilis (VUG) flap results in a scar 
that is vertically oriented on the medial thigh. This decreases 
the likelihood of labial spreading but does increase the 
likelihood that the scar is visible while wearing shorts. Also, 
the narrower subcutaneous tissue island can be less reliable 
than that seen in the TUG, but this risk can be mitigated if 
certain measures are taken. These include beveling outward 
to maximize perigracilis fat and fascia and oftentimes 
extending into the adductor longus fascia [10].

44.5.3.2  PAP (Profunda Artery Perforator) Flap
The most recently described flap harvested from the thigh is 
the muscle-sparing, profunda artery perforator (PAP) flap. 
First described by Robert Allen in 2012 [11], the PAP flap is 
based on perforators from the profunda femoris artery that 
traverse the adductor magnus muscle before emerging in the 
subcutaneous tissue and dermis posterior to the gracilis mus-
cle (and usually medial to the semimembranosus muscle). 
The harvested tissue has the advantages of a long pedicle 
(7–13 cm), soft and pliable fat, and a donor site at the far 
superior extent of the posterior thigh that is largely concealed. 
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Disadvantages include limited volume (though the possibility 
of stacking bilateral flaps for unilateral reconstruction is one 
solution in a patient with large breasts), and the potential need 
for prone positioning, though many now describe “frog leg” 
positioning that allows for successful harvesting of the flap 
without leaving the supine position [11].

44.6  Recipient Vessels

The two vascular pedicles that are most frequently used as 
recipient vessels in microvascular breast reconstruction are 
the internal mammary (thoracic) vessels and the thoracodorsal 
vessels.

44.6.1  Internal Mammary Artery and Vein

The IMA and IMV are currently the most commonly used 
recipient vessels. By removing the cartilaginous portion of 
the third rib (though a complete rib-sparing approach has 
been described), the IMA and IMV (which exist as either one 
or two veins) can be made available for end-to-end 
microsurgical anastomosis.

The benefits of using the IMA/IMV include their location 
on the medial aspect of the breast footprint, which results in 
a greater proportion of flap being medially (which is where 
cleavage is generally desired) as opposed to laterally (which 
has a tendency to pull the transferred tissue laterally and 
caudally). Also, the location and caliber of the vessels are 
quite reliable (especially on the patient’s right side), and the 
surgeon and microscope positioning are consistent and 
straightforward.

Surgeons must be careful when isolating the IMA/IMV 
because they run in a variably fatty plane immediately 
superficial to the parietal pleura, and even small missteps 
can lead either to injury to the vessels or violation of the 
pleura.

Cardiac history is of particular importance when there is 
consideration of using these vessels, as a history of coro-
nary artery bypass grafting (CABG) utilizing the ipsilateral 
IMA precludes its use as a recipient vessel. Also, in a 
patient with a cardiac history who has not yet undergone 
CABG but may require such a procedure in the future, the 
surgeon should strongly consider using an alternative site. 
In such a patient as the one described above with serious 
cardiac disease, however, consideration should be made of 
not performing complex, lengthy microvascular breast 
reconstruction—or perhaps any breast reconstruction at 
all—at this time.

Most patients do not report any functional consequence 
after having a segment of the third rib removed, though some 
patients (especially those who are very thin) note a cosmetic 
defect visible through the overlying tissue.

44.6.2  Thoracodorsal Artery and Vein

When microvascular free tissue transfer was first described 
for breast reconstruction, the thoracodorsal vessels were the 
primary vessels used. This can be attributed to surgeon’s 
general familiarity with the axilla and its contents.

This pedicle is identified by finding the lateral edge of the 
cranial aspect of the latissimus dorsi muscle and then 
dissecting down on the deep surface of the muscle until the 
thoracodorsal vessels are identified. Structures to be avoided 
include the thoracodorsal nerve, axillary vein, and axillary 
lymph nodes (damage to which could lead to upper extremity 
lymphedema).

Benefits of using the thoracodorsal vessels include ease of 
dissection (especially if axillary dissection has been 
performed during the same procedure) and decreased 
likelihood of significant morbidity relative to the IMA/IMV.

Conversely, disadvantages include a tendency of the 
transferred tissue to settle laterally (because of the location 
of the recipient vessels in the axilla) and a more awkward 
and potentially uncomfortable microscope orientation. Also, 
there is the possibility that the vessels have been damaged by 
prior axillary dissection or radiation, and there is the 
theoretical concern that use of the vessels may hinder the 
ability to safely use the latissimus dorsi muscle as a salvage 
flap if the microvascular free tissue transfer was to fail 
(though a latissimus dorsi muscle-based flap can still be 
pedicled on the serratus branch of the thoracodorsal pedicle 
even if a main branch of the thoracodorsal pedicle is 
unusable).

44.6.3  Others (Lateral Thoracic, 
Thoracoacromial, Cephalic Vein)

A number of additional recipient vessels have been described 
in the literature [12], including the lateral thoracic, branches 
of the thoracoacromial vessels, and the cephalic vein, though 
each of them has disadvantages that make them less desir-
able than either the IMA/IMV or thoracodorsal vessels. Most 
notable is the potential disruption of the lymphatic system 
(and resulting lymphedema) that can occur following skele-
tonization of the cephalic vein.

44.7  Care Delivery Requirements

Free flap reconstruction after breast surgery is a complex 
endeavor not only in terms of the technical steps but also of 
both the equipment needed in order to perform it and the 
personnel and systems that must be in place in order to opti-
mize the likelihood of success in the postoperative period.

In the operating room, the needs specific to the success of 
free flap breast reconstruction include an operating microscope 
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(though some surgeons advocate for performing microsurgery 
with loupe magnification), microsurgical instruments (includ-
ing well-conditioned, fine jeweler’s forceps, vessel dilators, 
needle drivers, scissors, and vascular clamps), fine nylon 
sutures (8-0, 9-0, or 10-0), and an operating table that reliably 
flexes at the waist (in order to facilitate abdominal closure).

Well-trained nurses in the recovery room and on the hos-
pital floor are imperative for the early identification of signs 
of impending flap compromise (changes in flap color, tem-
perature, Doppler signal, etc.). Equally well-trained resi-
dents and fellows are a valuable adjunct, but not as vitally 
important as the nursing care.

If flap compromise is identified, an effective and reliable 
system for rapid activation of personnel in order to get the 
patient into an operating room as quickly as possible can 
make the difference between a flap that is successfully sal-
vaged and one that is not.

44.8  Long-Term Recovery

The long-term satisfaction after microvascular free tissue 
transfer for breast reconstruction is very high. This is most 
likely because the patient has undergone reconstruction with 
“her own tissue,” and that tissue changes in sync with the rest 
of her body. In stark contrast to reconstruction with breast 
implants, donor tissue ages and will undergo fluctuations in 
weight along with the patient. Furthermore, because there 
are no foreign bodies involved in the reconstruction, the inci-
dence of long-term infection is very low, and if infection 
does occur, it is usually easily treated with antibiotics alone 
(as opposed to reconstruction with an implant that often 
requires removal of the implant).

44.9  Conclusion

The introduction and refinement of microvascular free tissue 
transfer has revolutionized the way that breast reconstruction 
is performed. By increasing the number of potential donor 
sites, breast reconstruction can be tailored to individual 
patients’ needs in ways that were never possible before.
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Delayed Breast Reconstruction After 
Mastectomy

Cicero Urban, Flavia Kuroda, and Mario Rietjens

45.1  Introduction

Delayed breast reconstruction is thought to be the first tech-
nique for restoring the physical integrity after mastectomy. 
Until some decades ago, breast reconstruction could not be 
performed until 2 or even 5 years after conclusion of onco-
logic treatment [1, 2]. Today, immediate breast reconstruction 
can be indicated for most breast cancer patients, but unfortu-
nately the majority of them remain without their breasts. And 
there are different well- documented reasons for that, such as 
disparities related to race, sociodemographic factors, and 
financial and some cultural barriers. Then, delayed breast 
reconstruction is an option for many patients [3, 4].

Implants and autologous reconstructions are the most 
important options. Indications for them depend on patient’s 
anatomy, previous radiotherapy, or patient’s preferences. 
Both magnitude of the procedure in terms of invasiveness 
and morbidity in each individual case are important points to 
considerate. Implant-based breast reconstruction is notable 
for its surgical simplicity, applicability, and faster recovery 
time, but it is not allowed in all cases [5]. Despite of that, 
there are some limitations for such an approach, like previ-
ous radiotherapy or Halsted’s mastectomy. It is also impor-
tant to take in account patient’s expectations in order to better 
individualize the decisions.

So, the aim of this chapter was to cover the indications, 
preoperative evaluation, operative techniques, and complica-
tions related to delayed breast reconstruction.

45.2  Indications and Selection of Patients

45.2.1  Timing of Reconstruction

Delayed breast reconstruction can happen at any time, given 
that the wound has healed and adjuvant therapy has been 
already completed. But postradiation acute skin lesions and 
hematologic effects of chemotherapy should be completely 
ceased [6]. At Hospital Nossa Senhora das Graças Breast 
Unit in Curitiba (Brazil), the routine is wait at least 6 months 
after the conclusion of adjuvant radiotherapy and 30–40 days 
after the end of chemotherapy. Different from the immediate 
approach, the delayed one can be indicated even for patients 
who had impaired perfusion of skin flaps after mastectomy 
[7]. Therefore, it is useful to be clear for patients who suffer 
from some medical comorbidities such as active smoking, 
diabetes, obesity, or cardiopulmonary disease that these 
conditions might predispose to some additional risks.

Delayed breast reconstructions have some facilities regard-
ing to immediate ones because adjuvant treatment is already 
concluded. Moreover, there are series demonstrating that 
delayed has fewer complications [8]. However, the technique 
might entail other surgeries in order to ameliorate esthetics, 
thus prolonging the overall time of treatment for patients, 
because it provides less cosmetic quality than the immediate 
reconstruction [7]. Furthermore, delayed reconstruction has 
limited reconstructive options following radiation therapy.

45.2.2  Implant-Based or Autologous 
Techniques

Delayed breast reconstructions can be implant-based or autolo-
gous flap-based ones. The first one the use of silicone-filled or 
saline-filled implants and definitive or temporary expanders 
beneath the remaining mastectomy skin flaps and the pectoralis 
major muscle, whereas the autologous reconstructions use 
musculocutaneous flaps, which consist of a segment of vascu-
larized muscle with the overlying skin and fat, which are per-
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fused by perforating vessels from the underlying muscle. It can 
be with pedicle or free flaps, and sometimes it is also necessary 
the association of an implant for better volume and projection, 
as it is the case with latissimus dorsi flap. While for some 
patients the overall result is more pleasing with musculocuta-
neous flaps [3, 4, 7], there are some disadvantages, which 
include longer surgical length and prolonged postoperative 
recovery when compared to implant-based reconstructions. In 
Fig. 45.1 there is a nice example of this, in a patient with previ-
ous breast cancer and radiotherapy in the thoracic wall and neu-
rofibromatosis. Moreover, with implants there is no donor site 
morbidity, reduced operative time, and more rapid postopera-
tive recovery when compared to autologous reconstructions [9, 
10]. In addition, with the new generation of breast implants, 
particularly the anatomical ones, it is possible to achieve good 
esthetic outcomes and high rates of patient’s satisfaction.

45.2.3  Definitive Implants or Temporary 
Expanders

In patients who were not previously irradiated, the choice of 
the most appropriated technique requires some specific pre-

operative clinical evaluations: skin and musculocutaneous 
conditions in the mastectomy flap, size and ptosis of the con-
tralateral breast, and patient’s expectations about her breast 
reconstruction. For instance, the complete absence of the pec-
toralis muscles due to a Halsted’s mastectomy is a contraindi-
cation to this approach [11, 12]. Using a definitive form-stable 
implant rather than a temporary expander is not frequent in 
delayed reconstructions. The ideal patient for this approach 
should have a non-tense cutaneous flap, a good quality of her 
pectoralis major muscle, and a small contralateral breast.

The tissue expansion with a temporary expander before to 
change to a definitive form-stable implant is the most fre-
quent indication for delayed breast reconstruction for nonir-
radiated patients—the two-stage techniques. The expander is 
used to distend the cutaneous flaps in order to facilitate the 
insertion of definitive form-stable implant in a second sur-
gery. The choice of the temporary expander is in a similar 
way of the definitive ones—basis, height, and desired volume 
should be considered. Older patients, those with significant 
medical comorbidities, and women with minimal abdominal 
tissue in whom the autologous technique would be unsuit-
able, also benefit from this technique. Besides, the expander/
implant technique is to be indicated for those patients devoid 
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Fig. 45.1 Preoperative measurements for surgical planning and choice of the expander and implant
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of sufficient skin or preserved subcutaneous tissue in flaps 
resulting from mastectomy. This may occur when there is 
little elasticity of the cutaneous flaps from mastectomy or in 
the case of a contralateral breast presenting a rather large vol-
ume. In these situations, the two-stage implant reconstruction 
usually yields esthetically superior outcomes.

There are some cases where two-stage approach is contra-
indicated, and they are basically the same ones as those for 
definitive implants, with even more emphasis on the risk of 
expanders after radiotherapy [13]. Many authors have real-
ized that several postoperative complications can ensue 
when attempting to distend previously irradiated tissues [13–
16], since the radiation decreases the tissue elastic distension 
capacity. In these cases, the most frequent complications are 
painful and difficult expansion with possible extrusion of the 
expansion device or periprosthetic capsule. Even though one 
achieves the final stage of expansion, the cutaneous coverage 
of the prosthesis becomes too thin and fragile to protect the 
definitive implant. Recently, the addition of lipofilling in 
breast reconstruction armamentarium is allowing to expand 
irradiated tissues in selected cases, but it is necessary to have 
more data in this specific approach.

A practical flowchart for decisions in delayed breast 
reconstruction is shown on Fig. 45.2.

45.3  Preoperative Evaluation

The aim of breast reconstruction is to obtain symmetry [17, 
18]. For this reason, it is essential to carry out a preopera-

tive plan that includes a detailed analysis of the healthy 
breast’s characteristics in order to make the correct choice 
of the most suitable technique to reconstruct the other 
breast [19]. It is important to remember that the recon-
structed breast, most of the time, will have low projection 
in the upper pole and no ptosis. With these characteristics 
in mind, the contralateral breast should be planned to have 
an intervention for symmetry in the same surgery or in a 
second one (after the change of the temporary expander for 
a definitive implant).

Clinical and radiologic preoperative evaluations are cru-
cial in order to clarify the patient’s risks for the surgery. 
Diabetes, hypertension, obesity, and tobacco-addicted 
patients have higher risks for bad esthetic outcomes and for 
implant or expander extrusions. It is also important that a 
detailed oncologic evaluation be performed, surveying the 
following topics of the past treatment: type, localization, 
and size of tumor; number of positive lymph nodes; type of 
surgical procedure performed; chemotherapy; radiotherapy; 
hormone therapy; follow-up period; and the most recently 
performed radiologic and blood exams. Furthermore, the 
evaluation of the contralateral breast is also mandatory in 
order to exclude bilateral neoplasm and should include 
mammographic and ultrasound exams. In high-risk patients 
with hereditary breast cancer syndromes such as BRCA 1/2 
mutations, it is necessary to add breast a MRI. These exams 
are important because contralateral breast surgery—a reduc-
tion mammoplasty, mastopexy, or augmentation mammo-
plasty—is frequently required to obtain a more pleasing 
symmetry.
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Fig. 45.2 Young patient with previous mastectomy, thoracic wall radiotherapy, and neurofibromatosis
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45.4  The Day Before the Operation

On the day before the operation, the whole procedure is 
explained to the patient again, and then the informed con-
sent form is obtained. The patient is then placed standing, 
and photographs are taken in profile, in partial profile, 
and in forward-facing position. It is useful to make pre-
cise measurements of the contralateral breast in this 
occasion, such as base width, thickness of subcutaneous 
adipose tissue, and height as well as anterior projection 
(Fig. 45.3).

45.4.1  Choosing the Correct Expander 
and Implant

Concerning the decision as to which implant one should use, 
it is important to compare the contralateral breast with the 
future implant with regard to the parameters of base, height, 
and anterior projection. This is done during the preoperative 
period in order to choose two or even more models and sizes 
of implants that are most likely to be used during the surgical 
procedure. The final decision can be made at the intraopera-
tive stage, sometimes with the help of samples. Surgeons 
should pay attention to whether samples are prohibited in the 

country they work in. In Brazil there are some specific norms 
for that, and at the European Union, for instance, the re-ster-
ilization of samples is strictly forbidden. Nevertheless, the 
non-sterilized implants can be thoroughly coated with a 
highly adherent and resistant sterile plastic envelope, there-
fore permitting their repeated usage. This technique for 
choosing the implants based on the aforementioned measures 
is precise and particularly useful in the cases in which it is 
necessary to use an expander/implant and, subsequently, per-
form a contralateral augmentation mammoplasty [20–22]. In 
cases of definitive implants with mastopexy or reduction 
mammoplasty in the contralateral breast, the decision as to 
the type and volume of the implant must also take in account 
the volume reduction, the change of shape, and the reduction 
of the breast base. These calculations can be based on aug-
mentation mammoplasty papers [20, 23], which employ these 
methods to calculate the volume and shape of implants for 
esthetic improvement, on samples, and in surgeon’s personal 
experience.

45.4.2  Surgical Markings

Afterward, lines are drawn on the patient’s chest to assure the 
correct understanding of the anatomic conditions. There 

Pre-operatory Post-operatory

Fig. 45.3 A practical flowchart to guide decisions in delayed breast reconstruction
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should be drawn a median line from the sternal notch to the 
xiphoid appendix, and the inframammary fold should be 
placed at the same height and shape of the contralateral breast. 
(Figs. 45.4, 45.5 and 45.6).

45.5  Surgical Technique

45.5.1  Before Skin Incision

In the operating room, patient is placed in supine position, 
keeping her arms parallel to the trunk. The operating table 

must be set in a way the patient can be placed in a 90-degree 
position, i.e., sitting, at the end of the procedure

45.5.2  Skin Incision and Scar Excision

In cases of autologous flap delayed reconstruction, it is possible 
to remove part of the mastectomy flap, in order to replace that 
for the flap’s skin and to shape the new breast. But with 
implants, the incision should be most of times in the preceding 
mastectomy scar and, if possible, in the pectoralis major mus-
cle. This technical detail allows for a safer suture of the pros-

Skin incision in the same
position of mastectomy scar

Inframammary crease
in the same position of
the contralateral breast

Fig. 45.4 Preoperative view 
with planning draws of a 
70-year patient for delayed 
breast reconstruction with 
temporary expander

Final result after reconstruction with
temporary expander

Pre-operatory draws for changing by definitive
implant and contra-lateral breast reduction

Fig. 45.5 Preoperative view before changing temporary expander by definitive implant and contralateral breast reduction
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thetic pocket in two layers, namely, the muscular and the 
cutaneous layers. Incision with either partial or complete 
removal of the scar is chosen based on three clinical situations:

• Wide scar with a good amount of skin in the mastectomy 
flap—in this case the exeresis of the scar is indicated.

• Narrow scar with little tense flap—here it is not necessary 
to remove the scar.

• Wide scars without much skin when it has already been 
decided to use an expander—scar can be removed com-
pletely or almost completely, but extra care must be taken 
when expansion is performed, as a too sudden distension 
could widen the scar again.

45.5.3  Operative Technique

Autologous flap reconstruction is described in other chapters 
in this book. After incising the skin, an inferior and lateral 
subcutaneous undermining must be performed in order to do 
the contour of the inframammary fold. This is required to set 
the prosthetic pocket, which can be located subcutaneously 
in this region or under the serratus muscle, in case the skin or 
the adipose subcutaneous tissue in the inferior lateral region 
is too fragile. As a result of this maneuver, one can see the 
lateral edge of the pectoralis major muscle, which is then 
lifted to set the submuscular pocket. This pocket can be made 
via a digital undermining in the upper portion, where no per-

forating vessels are found. In the inferior and medial regions, 
a light retractor is required so that the efficient hemostasis of 
large internal mammary pedicles found in this region is per-
formed. The pectoralis major muscle then must be com-
pletely detached from the costal plan about 4 or 5 cm above 
the medial extremity of the inframammary fold. This dissect-
ing procedure is mandatory so that a nonesthetic movement 
of the implant can be prevented when the pectoralis major 
muscle contracts. Preparation of the inframammary fold 
demands great technical attention, as it is an anatomic land-
mark crucial to the long-term esthetic result [5]. There are 
two possible variants:

• Without an upper abdominal skin flap—it is used in cases 
either when there is great elasticity of the skin, which 
allows the insertion of a definitive prosthesis or, if a deci-
sion has been made for a reconstruction in two surgical 
steps, of a temporary expander. In such cases, the subpec-
toral dissection must reach no more than the inframam-
mary fold level, and then an incision into the aponeurosis 
of the rectus abdominis muscle must be performed to 
achieve a better projection of the lower mammary pole. 
There is no need for an undermining maneuver lower than 
the projection of the inframammary fold; otherwise the 
prosthesis might end up being placed below the inframa-
mmary crease, producing asymmetry.

• Using an upper abdominal skin flap—this autogenous tis-
sue reconstruction technique is recommended for those 

Fig. 45.6 Final outcome after definitive anatomical implant in the right breast and contralateral mammoplasty
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cases in which a definitive implant is applied and the skin 
flaps from mastectomy are not very elastic. A rectus 
abdominis muscle aponeurosis (made according to the 
projection of the inframammary fold) can be used if there 
is good elasticity of the skin in the upper abdominal area 
(just below the inframammary fold). The subpectoral dis-
section must reach the inframammary fold level followed 
by incision of the undermining of the supra- aponeurotic 
region 2–3 cm below the inframammary fold. A cutaneous 
advancement flap can be easily performed if the patient is 
placed in a semi-sitting position. The inframammary fold 
is reconstructed with spread stitches of nonabsorbable 
thread, suturing the superficial aponeurosis at the upper 
limit of the aponeurosis of the rectus abdominis muscle 
medially and laterally at the serratus muscle.

After the prosthetic pocket is set up, an internal irrigation 
is performed with either pure or with an antiseptic product- 
added saline solution. At this point, rigorous skin cleaning 
and change of gloves of the whole team before contact with 
the implant is mandatory. Such care helps to reduce the risk 
of microcontamination of the implants and therefore reduces 
the risk of postoperative infection or the formation and 
development of a periprosthetic capsule [24]. The implant, 
i.e., either the definitive implant or temporary expander, is 
carefully inserted into the prosthetic pocket.

Finally, a tubular multiperforated aspirating drain is 
inserted into the prosthetic pocket as a safety measure. Then, 
suture is done in two plans. The first one is done in the 
subcutaneous tissue with absorbable monofilament stitches 
of 3-0, and the second is an intradermal cutaneous suture 
with absorbable monofilaments 4-0.

45.6  Postoperative Care

Some surgeons apply a dressing with elastic straps, making a 
moderate compression for 3 days. Others choose a lighter 
dressing with no compression and also advise the patient to 
wear a sports-type bra, medium compression, right on the 
first postoperative day. This second option allows an easier 
control of a possible postoperative hematoma and avoids 
risks of allergy and cutaneous lesions that might occur when 
adhesive elastic straps are used. The drain is removed when 
the drained fluid is serous and its volume is lower than 50 cc 
in the past 24 h. If a temporary expander is chosen, an expan-
sion with a variable volume of saline solution is the usually 
recommended each 3 weeks. The correctly instilled volume 
should not cause tightness or erythema or disrupt the patient’s 
comfort or skin quality. As the aim of the expansion is to 
surpass the quality of a one-stage definitive implant, an aug-
mentation of 25% is needed to achieve this purpose, with 
ideal skin drape and recoil [5].

45.7  Association with Fasciocutaneous 
Thoracodorsal Flap

This technique was initially described by Holmstrom [10], 
who advocates the use of a rotational fasciocutaneous tho-
racic dorsal flap to improve the projection of the lower pole 
of the reconstructed breast. This technique can be applied in 
those cases of an oblique mastectomy scar, and the graft 
must be grounded on epigastric vascular pedicles, which 
cross the anterior aponeurosis of the rectus abdominis mus-
cle. The flap must be designed with two thirds of the base 
above the future inframammary fold and a third below. After 
the preparation of the fasciocutaneous flap, an upper rotation 
of the flap is performed, and the donor zone is covered with 
the inferior rotation of the lateral triangular flap together 
with the advancing of the upper abdominal skin flap. The 
implant is inserted below the pectoralis major muscle in the 
upper internal region and below the flap in the inferior lateral 
region. This technique is not routine due to the vascular fra-
gility of the flap. It can be used when applying more complex 
techniques such as when the latissimus dorsi or the trans-
verse rectus abdominis myocutaneous (TRAM) flaps are 
contraindicated.

45.8  Complications

Complications related to breast reconstruction of any type 
can be classified into immediate (until 2 months after the sur-
gery) or secondary (after the aforementioned period) [5]. 
The most frequent complications comprise hematomas, 
seromas, infection, flap necrosis, and capsular contracture. 
Capsular contracture rates may be lessened by the use of 
implants with a textured shell rather than a smooth shell, by 
placement of the implant in a submuscular rather than subcu-
taneous location, and by avoiding use of this technique in 
women who need radiotherapy [25, 26]. Obesity, diabetes, 
age older than 65, smoking, and hypertension are risk factors 
for complications following breast reconstructions [27, 28].

45.9  Conclusions

Delayed breast reconstruction can achieve satisfactory cos-
metic outcomes with low rate of complications. Temporary 
expanders and implants are surgical procedures that repre-
sent minor risks and sometimes can even be performed under 
day-surgery. Overall, this is the most used technique due to 
its practicability, lower risk of complications then musculo-
cutaneous flaps, and satisfactory esthetic outcomes with the 
various anatomic implants available nowadays. Patients who 
were previously irradiated are better for autologous flaps or 
lipofilling.

45 Delayed Breast Reconstruction After Mastectomy
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Breast cancer is one of the main causes of deaths among 
women all over the world. Its treatment has been changed 
dramatically over the last decades with the paradigm change 
from radical mastectomy to conservative surgery associated 
with radiotherapy [1, 2]. Nonetheless, conservative surgeries 
could make deformities in the breast and better strategies 
needed to be used for better aesthetic results [3]. The onco-
plastic surgery is the answer for this matter with greater ben-
efits, including excellent cosmetic outcomes, better local 
control of the margins of the tumor, and greater satisfactions 
from patients and surgeons [4]. The skills of the breast sur-
geons have been improved in conservative techniques and 
also in reconstruction of the breast in cases of mastectomies, 
with a complication rate of 15–25% [5, 6].

In 1963, silicone implants were used for the first time, and 
since then they have been a great option for breast 
reconstruction. There are several researches looking for 
better materials, biocompatibility, resistance, durability, less 
deformability, ideal shape, and smooth touch more similar to 
the natural breast [7].

One of the worse complications in breast reconstruction 
using implants is infection. In some cases, the removal of the 
device is necessary, and the patient could stay for a long time 
hospitalized [10]. This could cause psychological damages 
and expensive costs and postpone the adjuvant treatment of 
the cancer.

In the United States, a surgical site infection after breast 
surgery can cost approximately 4000 dollars [11]. Infection 
in the breast pocket of the implant can cost even more. 
Infections and capsular contracture are the main cause of 
reoperations [12].

The authors of this article made a bibliographic review 
using the data of the Public Medical Literature Analysis and 
Retrieval System Online (Pubmed) and Cochrane Library in 
seven steps (Table 46.1) using the specific citations: infec-
tion; complications; reconstructive; risk factors; antibiotic 
prophylaxis, irrigation; implant; breast; salvage; capsular 
contracture.

It was found that out of 1436 articles published until 
2015, 40 of them were selected (39 from Pubmed and 1 from 
Cochrane Library) based on the topics: risk factors for com-
plications in breast reconstructive surgery, surgical site 
infection in breast procedures, antibiotic prophylaxis in 
breast surgery, irrigation of breast implant pocket, and bio-
film and capsular contracture. Articles about complications 
with autologous tissue reconstruction, case reports, and non-
human procedures were excluded.
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Most breast reconstructions are based on implants or 
tissue expanders [8]. Some of the surgeries using those 
devices may have complications, such as infections, 
capsular rupture or contracture, distortion, fibrosis, 
and chronic inflammation [9].
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46.1  Infection Incidence Rates in Breast 
Surgery with or Without Implants

Breast surgeries are classified as clean according to the surgi-
cal wound classification, and infection rates are usually less 
than 2%. Comparing mastectomy to aesthetic procedures, 
the former has 4.4% and the latter 1.1% infection [13].

Reconstructive breast surgery can be exhausting for patients 
because it demands more interventions, such as the use of 
implants, immediate and delayed contralateral symmetrization, 
treatment of complications, and nipple reconstruction. In 2014, 
the median number of procedures was 2.37 by breast [14].

Complication incidence rates differ significantly between 
distinct institutions. In 134 studies with 42,146 patients 
(8.2% of these studies were randomized trials), there has 
been found less than 20% of complications. The author 
recommends more accurate methodological criteria to 
determine the exact rate of complication [15].

In breast reconstruction with implants or tissue expanders, 
infection rates vary in 1–30%, depending on definition of sur-
gical site infection, type of procedure, patient’s comorbidi-
ties, follow-up, pre- and postoperative assessment and 
treatments, and proper registration in patient’s data [16].

46.2  Risk Factors for Breast Implants

There are multiple and complex variables associated with 
surgical site infection (SSI) rates and, as a severe consequence 
of it, extrusion of the implant. The definition of SSI from the 
Center Disease Control and Prevention (CDC) is based on 
those criteria [17]:

• Purulent drainage, with or without laboratory confirma-
tion, from the superficial incision

• Organisms isolated from an aseptically obtained culture 
of fluid or tissue from the superficial incision

• At least one of the following signs or symptoms of infec-
tion: pain or tenderness, localized swelling, redness, or 
heat

• Diagnosis of superficial incisional SSI by the surgeon or 
attending physician

In 2009, a strong association was shown between infec-
tion and these variables: large breasts (p < 0.001), previous 
irradiation (p = 0.007), and repeated implant (p = 0.008). 
Additional significant covariates in this model included 
one surgical oncologist (p = 0.003) [11]. In 2012, another 
study with 195 women demonstrated cellulitis as an inde-
pendent factor, raising more than 200 times the risk of 
infection [18].

In 2012, a meta-analysis with eight randomized trials 
described those following risk factors: increased age (OR 
1.73), hypertension (OR 1.69), higher body mass index—
BMI (OR 1.96), diabetes mellitus (OR 1.88), American 
Society of Anesthesiologist (ASA) 3 or 4 (OR 2.06), previous 
breast biopsy or surgery (OR 1.84), preoperative chemoradia-
tion (OR 2.97), hematoma (OR 2.45), seroma (OR 1.65), 
intraoperative bleeding (OR 1.38), postoperative drain (2.84), 
longer drainage time (OR 2.95), and second drainage tube 
placed (OR 3.35) [16].

Another study with 981 Japanese women that were recon-
structed with tissue expanders or implants was described: 
diabetes (OR 4.22), repeated expanders (OR 2.81), expand-
ers larger than 400  cc (OR 2.52), postoperative hormone 
therapy (OR 2.50), preoperative chemotherapy (OR 2.36), 
nipple-sparing mastectomy (OR 2.30), and delayed recon-
struction (OR 1.21) [19].

In a review with 14,585 patients, factors were age 
>55 years (OR 1.66, p = 0.013), class II obesity (OR 3.17, 
p < 0.001), active smoking (OR 2.95, p < 0.001), bilateral 
reconstruction (OR 1.69, p = 0.007), and direct-to-implant 
reconstruction (OR 1.69, p = 0.024) [20].

Using the ACS-NSQIP program in 12,163 patients 
from 250 institutions who made immediate reconstruc-
tions with expanders, researchers identified the following 
risk factors: age >55 years (OR 1.4), BMI > 30 (OR 3.4), 
operative time >4  h (OR 1.9), and acellular dermal 
matrix—ADM (4.5% versus 3.2% in the patients who 
didn’t use ADM) [21].

A recent publication described as predictors of complica-
tion: radiation (raising infection and capsular contracture 
5–48%), smoking (37.9%), BMI >30 (seven times more 
reconstruction failure), hypertension (twice more), and pre-
vious conservative mastectomies with radiotherapy. The 
material of the implant, immediate reconstruction, and fat 
grafting can improve the aesthetic results [22].

Summarizing, Table 46.2 shows the risk factors for infec-
tion that was found in this review:

Table 46.1 Steps on bibliographic review

Steps Citations
Articles 
found

Selected 
articles

1 Infection and implant and breast 583 08
2 Complications and reconstructive 

and implant and breast
494 10

3 Risk factors and Infection and 
implant and breast

90 07

4 Capsular contracture and implant 
and breast

104 05

5 Antibiotic prophylaxis and implant 
and breast

29 04

6 Irrigation and implant and breast 46 03
7 Salvage and implant and breast 90 03
Total 1436 40

E. F. Cavalcante et al.
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46.3  Capsular Contracture (CC) 
and Infection

Capsular contracture is the most common complication in 
augmentation mammoplasty. Usually aesthetic procedures 
have less CC than reconstruction (11% × 37.5% CC), but the 
rates can vary from 2% to 80% of CC in breast reconstruction 
with implants [23, 24].

The material and the pocket placement can influence 
those incidence rates. Smooth implant surfaces have higher 
incidence of CC than textured ones (statistical significance at 
3.10; 95% CI, 2.23–4.33). Only the subglandular group had 
a statistically significant pooled result of 3.59 (95% CI, 
2.43–5.30) [25]. Radiotherapy has an adverse impact in 
capsular contracture, well-described in articles and reviews. 
CC in patients with radiotherapy can reach 21.6% versus 
3.3% in non-radiated patients [26].

Capsular contracture score is based on Baker classifica-
tion (1975), which includes clinical firmness evaluation of 
the breast:

• Grade I—the breast is normally soft and appears natural 
in size and shape

• Grade II—the breast is a little firm but appears normal
• Grade III—the breast is firm and appears abnormal
• Grade IV—the breast is hard and painful to touch and 

appears abnormal

Capsular contracture can occur in days, months, or years 
after the surgery. The precise cause is still unknown, but 
there are theories about inflammatory and infectious etiol-
ogy. Exaggerated inflammatory response was identified in 
patients with CC. The quantity of silicon particles associated 
with macrophages and myofibroblasts providing a contrac-
tile force seems to influence the severity of contracture [27].

The infectious hypothesis is based on biofilm, in which 
bacterial stimulus maintains inflammation and fibrosis. Some 
studies describe the incidence of CC four times higher with 
biofilm. Subclinical bacterial colonization can be found in up 
to 66.7% Baker III and IV CC. The microorganisms usually 
found in those cases are coagulase-negative staphylococcus 
species and Propionibacterium acnes, and capsular infection 
is more associated with Staphylococcus epidermidis [9].

The contamination can occur because of contaminated 
saline solution or implant, surgical room, skin microbiome, 
and mammary ducts besides bacterial invasion from other 
sites [26].

Some prophylactic methods can be used to diminish the 
probability of infection and CC, such as textured implants, 
submuscular pocket, inframammary incision, adequate 
hemostasis, and antibiotic prophylaxis [28].

46.4  Antibiotic Prophylaxis in Breast 
Implants

Despite of the use of antibiotic prophylaxis by surgeons in 
breast reconstruction, the rates of surgical site infections are 
still high and can reach 35% [29].

The use of antibiotic prophylaxis in breast surgery is not 
a consensus. Some surgeons select the cases they are going 
to use it, like high-risk patients for infection [30], while 
others use antibiotics for every patient for 7 days or during 
the drainage. The National Surgical Infection Prevention 
Project suggests that antibiotic prophylaxis should not last 
longer than 24 h, based on studies from plastic surgeries and 
not breast reconstructions with implants [31].

The discussion about the best option of antibiotic and for 
how long the surgeon should maintain the prophylaxis 
remains. In some institutions cephalexin is prescribed; for 
others vancomycin, azithromycin, clindamycin, ampicillin- 
sulbactam, or quinolones can be used. Craft indicated in his 
study the use of vancomycin, nasal swab evaluation to treat 
methicillin-sensitive and methicillin-resistant Staphylococcus 
aureus before surgery with mupirocin nasal ointment, 
chlorhexidine scrub to the surgical area, and breast pocket 
irrigation with povidone-iodine as well as a triple antibiotic 
solution [29].

In this review, three articles were selected to show the 
impact of antibiotic prophylaxis in aesthetic and reconstruc-
tive breast surgeries (Table 46.3).

Table 46.2 Risk factors that increase the rates of infection in breast 
surgeries using implants

Patient 
characteristics Surgery

Clinical 
treatment

Diabetes (OR 
4.22)

Repeated implants (OR 2.81) Preoperative 
chemotherapy

BMI > 30 (OR 
3.1–3.4)

Expansor larger than 400 cc 
(OR 2.52)

Radiotherapy

Smoking (OR 
2.95)

Nipple-sparing mastectomy 
(OR 2.3)

Postoperative 
hormone 
therapy

Age > 55 years 
(OR 1.4–1.66)

Operative time >4 h (OR 1.9)

Others: 
hypertension, 
previous breast 
biopsy or surgery, 
large breasts

Bilateral reconstruction (OR 
1.69)

Direct-to-implant 
reconstruction (OR 1.69)
Delayed reconstruction (OR 
1.21)
Others: drains, surgeon’s 
experience, the absence of 
antibiotic prophylaxis, acellular 
dermal matrix, intraoperative 
bleeding, hematoma, seroma, 
cellulitis

46 Prevention and Treatment of Infections in Breast Reconstruction with Implants
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46.5  Pocket Irrigation in Breast Implants

Studies from 1986, 1994, and 1995 had already shown ben-
efits of prosthesis pocket povidone-iodine irrigation in reduc-
ing capsular contracture. A review including 1244 
augmentation mammoplasty patients whose surgeons 
prescribed intravenous cefuroxime during the procedure and 
have done irrigation of the pocket with a solution of 
cefuroxime 750 mg, gentamycin 80 mg, and povidone-iodine 
10% found only 10 cases of Baker III and IV capsular 
contracture, which is 0.6% of the patients (p = 0.006) [35].

There is a 6-year prospective study with 335 aesthetic and 
reconstructive breast surgery patients who were submitted to 
pocket irrigation with povidone-iodine 50 mL, cefazolin 1 g, 
and gentamycin 80 mg diluted in 500 mL of saline solution. 
The follow-up of the study was 14 months. 1.8% of patients 
had Baker III and IV CC in aesthetic surgeries, no patient 
had it in breast augmentation and mastopexy, and 9.5% of 
patients had it in breast reconstruction. The researchers 
recommend triple solutions in breast augmentation and 
reconstruction [36].

A retrospective cohort study with 33 breast augmenta-
tion patients compared two different groups. The first one, 
group A, had a single dose of intravenous cefalotin 1.5 g 
intraoperatively plus cephalexin 750 mg orally for 7 days. 
The second one, group B, had a single dose of intravenous 
cefuroxime 750 mg intraoperatively and irrigation of the 
pocket with a solution of 25 mL of 10% povidone-iodine, 
cefuroxime 750  mg, and gentamycin 80  mg diluted in 
150 mL of saline solution plus levofloxacin 500 mg for 
5 days. The infection rates were 1.8% and 1.2%, and cap-

sular contracture rates were 6% and 0.6%, respectively 
[37].

A recent systematic review of cosmetic breast augmenta-
tion analyzed three retrospective and one prospective stud-
ies. It compared the incidence of CC in a group with pocket 
irrigation and another one without it (control group). The 
median CC rate in the first group was 4.86% versus 6.81% of 
the control group. The odds ratio of CC was 0.472 (95% CI, 
0.316–0.707, p < 0.001) in the irrigation group [34].

A 2015 meta-analysis of patients undergoing aesthetic 
breast augmentation evaluated nine studies with a total of 
5153 women. Only three comparative studies achieved high 
methodological quality. The meta-analysis included four 
studies, with 1191 patients receiving povidone-iodine 
irrigation and 595 patients receiving saline irrigation. The 
meta-analysis indicates povidone-iodine irrigation for 
decreasing Baker class III/IV capsular contracture (2.7% 
versus 8.9%; OR, 0.30; 95% CI, 0.18–0.50; p < 0.00001; 
I = 0%). The reported implant rupture rates for both silicone 
and saline implants were less than 1% [35].

The most common germs found in implant infections are 
Staphylococcus epidermidis, methicillin-sensitive Staphy-
lococcus aureus, Serratia mascescens, Pseudomonas aeru-
ginosa, Enterococcus sp., Escherichia coli, Enterobacter 
sp., group B streptococcus, and Morganella morganii. In 
this analysis, 70% of bacteria were cefazolin-resistant and 
sensitive to gentamycin (86%), levaquin (80%), and cipro-
floxacin (63%). In those cases with skin necrosis, the sur-
geon should consider Pseudomonas aeruginosa infection 
resistant to ciprofloxacin, and levofloxacin is a better 
choice. ADM was used in 70% of the reconstructions in this 
group [38].

Table 46.3 Impact of antibiotic prophylaxis in aesthetic and reconstructive breast surgeries

Article Type of study Year Objective Results
Once Is Not Enough: 
Withholding 
Postoperative 
Prophylactic Antibiotics 
in Prosthetic Breast 
Reconstruction Is 
Associated with an 
Increased Risk of 
Infection [32]

Retrospective 2012 •  To determine whether the change in 
antibiotic prophylaxis regimen would affect 
rates of surgical site infections

•  To compare preoperative and postoperative 
prophylactic antibiotics with only a single 
dose of preoperative antibiotic

•  Breast pocket irrigation was used according 
to surgeon’s preference

•  The overall rate of SSI increased from 18.1% 
to 34.3% (p = 0.004)

•  4.74 times more likely to develop a surgical 
site infection requiring reoperation in the 
preoperative antibiotic group

•  Infections requiring reoperation increased 
from 4.3% to 16.4% (p = 0.002)

Prophylactic Antibiotics 
to Prevent Surgical Site 
Infection After Breast 
Cancer Surgery [33]

Systematic 
review

2014 • 2867 patients
•  To determine the effects of prophylactic 

(pre- or perioperative) antibiotics on SSI 
after breast cancer surgery

•  Prophylactic antibiotics used preoperatively 
reduce the risk of SSI in patients undergoing 
surgery for breast cancer

•  Further studies with patients undergoing 
immediate breast reconstruction are needed

Antibiotic Prophylaxis 
in Prosthesis-Based 
Mammoplasty: A 
Systematic Review [34]

Systematic 
review

2015 •  To compare systemic antibiotic prophylaxis 
more than 24 h postoperatively with 
antibiotic prophylaxis within 24 h

• 2438 patients
•  Cephalosporin was the most commonly 

preferred antibiotic regimen, vancomycin 
or clindamycin in allergic patients

•  Extended systemic antibiotic prophylaxis 
more than 24 h postoperatively could 
significantly decrease infection risk

•  Extended antibiotic prophylaxis could 
significantly decrease SSI risk in implant 
reconstruction surgery, but not in aesthetic 
procedures

E. F. Cavalcante et al.
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The severity of periprosthetic infection and the presence of 
skin necrosis are important factors to evaluate when consider-
ing salvage of prosthesis. Some protocols can reach salvage 
rates of 76.7%; others describe 37.3% with the following 
interventions: culture of the capsule, exhaustive irrigation of 
the pocket with antibiotic solutions, capsulectomy and capsu-
lotomy, removal of necrotic tissue, and positioning of a new 
implant [39, 40].

46.6  Conclusion

The infection incidence rates in breast reconstruction are 
higher than in aesthetic procedures. Many factors can influ-
ence these rates such as factors related to the patient, the pro-
cedure itself, and the treatment of the disease. In the implant 
infection/pathology, it is included inflammatory reaction and 
biofilm formation. Antibiotic prophylaxis, prosthesis pocket 
irrigation, and intraoperative cares are essentials to 
protection.
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Implant Exposure and Extrusion

Christina Garusi and Visnu Lohsiriwat

47.1  Introduction

Breast implant exposure is due to insufficient soft tissue or 
muscle tissue coverage. Being a foreign material, the breast 
implant will become infected as soon as it is exposed, and it 
will therefore have to be removed. There are three situations:

 1. Implant exposed but not infected
 2. Implant exposed and infected
 3. Implant extruded

All these conditions can occur in patients who have had 
reconstruction after mastectomy as well as in patients who 
had an aesthetic breast implant.

47.2  Breast Augmentation and Implant 
Exposed

The situation is very rare and is difficult to explain. The rea-
son could be an infection or the presence of very thin tissue 
coverage. Most cases need temporary removal of the implant 
and secondary breast implant reconstruction.

Among the potential complications associated with the 
use of a breast implant are the risks of implant infection and 
device extrusion, with an infection rate following breast 
augmentation ranging from 1% to 2% [1, 2]. There are a few 
reports of salvage of an infected and exposed breast device, 
such as the report of Gatti et al. [3], where the salvage of the 
infected breast cosmetic implant was obtained in a case 
report thanks to intravenous administration of an antibiotic, 
local irrigation with an antibiotic, hyperbaric oxygen therapy, 

and subsequent capsulotomy and implant exchange. Fodor 
et  al. [4] described their experience treating six patients 
(eight breast implants) with silicone prosthesis exposure 
after cosmetic augmentation. In the original surgery, the 
implant was placed in the subglandular plane through an 
inframammary incision. The exposure occurred 10–14 days 
postoperatively through the incision line. The size of the 
exposure site ranged between 0.5 and 3  cm. The women 
were offered two options: immediate removal of the implant 
and reimplantation at a later stage or antibiotic treatment 
with an attempt to close the exposed area after the discharge 
stops. All patients chose the latter option. Antibiotic treat-
ment was started on the day of exposure until 2 weeks after 
closure. Wound washing was performed three times per day. 
A sterile dressing was placed over the wound. When the dis-
charge stopped, sterile strips were applied to keep the wound 
closed. Four of eight implants were saved. The authors had 
to remove the other four. According to this series, 50% of 
eight exposed breast implants could be saved with conserva-
tive treatment.

Although there are very few cases of infection and expo-
sure of the implant in aesthetic breast augmentation, recently 
some surgeons have experienced this when using acellular 
dermal matrix especially in revision procedures [5, 6]. 
However, there is still a need to evaluate the benefits and 
complications associated with the use of implants, and the 
best practices for surgeons.

47.3  Breast Reconstruction and Implant 
Exposed

Regarding breast reconstruction, there are different reasons 
for implant exposure [7]:

 1. Immediate breast reconstruction with mastectomy skin 
necrosis and partial muscle pocket reconstruction

 2. Immediate breast reconstruction on previous irradiated 
tissue
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 3. High-grade capsular contraction on thin mastectomy 
flaps and risk of exposure

 4. Skin diastasis with an underlying implant that becomes 
exposed

Yii and Khoo [8] proposed a combination of capsulec-
tomy and continuous irrigation with saline and intermittent 
antibiotic instillation to salvage infected expanders in breast 
reconstruction. Spear et  al. [9] developed treatment 
guidelines for implant infections, threatened device exposure, 
and actual device exposure. They submitted patients with 
severe implant infection and actual exposure (from both 
reconstruction and mammoplasty) to device removal and 
achieved a 0% salvage rate. Chun and Schulman [10] 
described the successful salvage of nine consecutive severely 
infected breast prostheses after mastectomy reconstruction, 
adopting a technique of immediate intravenous administration 
of antibiotics followed by early device exchange and a long 
course of postoperative antibiotics.

The rate of exposure has been reported to be between 0% 
and 0.29% for breast augmentation and between 0.25% and 
8.3% for device-based breast reconstruction [11–14].

In the past, common practice was the immediate removal 
of the infected and exposed breast prosthesis; however, the 
more recent plastic surgery literature has explored options for 
device salvage. Methods for salvaging an infected device 
have included systemic antibiotics combined with conserva-
tive wound drainage, antibiotic lavage, capsulotomy and 
device exchange, and antibiotic lavage followed by capsule 
curettage and device exchange.

Despite a number of reports focusing on management of 
the infected or exposed breast implant, there is still 
disagreement regarding the wisdom of and indications for 
device salvage and the optimal timing, setting, or technique. 
Device explantation is a traumatic event and, for practical 
purposes, results in the loss of a breast. Successful device 
salvage offered to properly selected patients with the greatest 
possibility of success would be a highly desirable alternative 
to loss of an implant.

Spear and Seruya presented a single surgeon’s 15 years’ 
experience of 87 events of breast device infections and/or 
exposures from 69 patients [11]. Thirty-four cases involved 
breast prostheses with mild infection, and all of patients 
were treated conservatively with 100% success rate. Twenty- 
six cases were considered as severe infection, and in eight 
patients (30.8%) the implant was salvaged.

In a group of six patients, the implant was exposed but 
not infected and the implant was preserved, and in a group 
of three patients, the implant was exposed and there was 
mild infection, the implant being preserved in two of three 
cases. Further, in a group of five patients with an exposed 

implant and severe infection, there was a 40% salvage rate. 
A group of six patients had exposure of the implant and 
mild infection, the implant being preserved in four of six 
cases.

The strategy of immediate postmastectomy implant breast 
reconstruction with single-stage and tissue expander 
approaches has been compared in terms of complications. 
The rates of complications in 18 months are comparable; 
however, the approaches should be more strictly evaluated in 
controlled clinical studies [15].

The unfavorable effects of radiation on implant-based 
breast reconstruction in patients have been widely recog-
nized. The surgeon should be aware of this issue especially 
in the era of increasing skin-sparing mastectomy, nipple-
sparing mastectomy, and radiotherapy. Some patients should 
have been offered flap-based reconstruction. If the previous 
procedure was implant-based reconstruction, the patient can 
have the conversion procedure to autologous flap reconstruc-
tion to reduce the number of implant-related complications 
[16, 17]. However, a cohort study showed the acceptable rate 
of early complications in patients who have had prior breast 
conservation therapy who require salvage mastectomy can 
successfully complete with the rate for postmastectomy tis-
sue expander/implant reconstruction [18]. There is a study 
showing that the ideal irradiated patient would have a BMI 
less than 30 and be younger than 50 years of age to maximize 
the likelihood of a successful tissue expander/implant recon-
struction [19].

Acellular dermal matrices are increasingly being used to 
reinforce the lower pole of the breast during tissue expander/
implant breast reconstruction. Their use is preferred by some 
surgeons who are undertaking a thin skin flap or revision 
procedure. Their use is claimed to have a low complication 
rate in immediate single-stage implant reconstruction [20–
22]. However, a recent meta-analysis shows that the use of 
human acellular dermal matrix may increase complication 
rates. From the analysis it is also suggested to weigh this 
disadvantage against its advantages in enhancing cosmesis 
and ameliorating contracture [23].

47.4  Clinical Cases

47.4.1  Case 1: Immediate Breast 
Reconstruction on Previously Irradiated 
Tissue

The need for immediate breast reconstruction in a patient 
with previous conservative surgery and in actual need of 
nipple-sparing mastectomy is very high; therefore, complete 
muscle coverage is mandatory.

C. Garusi and V. Lohsiriwat
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Irradiated tissue can have poor skin perfusion, skin atro-
phy, and fibrosis [24–26] with augmented risk of wound 
breakdown and implant exposure. As soon as the implant is 
exposed, we can consider it is infected and therefore needs to 
be removed. The patient can be offered a concomitant breast 
reconstruction with the use of a flap.

This is a case where an extended latissimus dorsi flap, 
which is the flap that has been extended the harvest area of 
overlying adipofascial layer more than the classical latissimus 
dorsi flap, was used at the time of exposed implant removal 
in order to preserve the mastectomy flap and start 
reconstructing the breast (Figs. 47.1, 47.2, 47.3, 47.4, 47.5, 
and 47.6).

This is not the normal practice, but the use of well- 
vascularized tissue can improve the irradiated tissue 
itself [13].

47.4.2  Case 2: High-Grade Capsular 
Contraction in Very Thin Mastectomy 
Skin Flaps

This situation needs an urgent solution. The presence of both 
capsular contraction and very thin tissue will require a flap in 
order to offer the patient an immediate solution.

Fig. 47.1 Implant exposure in a previous irradiated breast treated with 
nipple-sparing mastectomy and immediate implant reconstruction and 
contralateral augmentation

Fig. 47.2 Immediate result 15 days after surgery

Fig. 47.3 Result 4 months after surgery

Fig. 47.4 Result 6 months from the time of the first lipofilling

Fig. 47.5 Result at 10 months when the second lipofilling is planned

47 Implant Exposure and Extrusion
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In this case a deep inferior epigastric perforator flap was 
offered to solve the problem with contralateral breast 
reduction at the same time (Figs.  47.7, 47.8, 47.9, and 
47.10).

The final aesthetic outcome was acceptable, but there  
was a previous periprosthetic capsule remained at the para-
sternal part. So lipofilling was suggested as a possible 
improvement.

47.4.3  Case 3: Expander Decubitus

This is another case of a patient who originally underwent 
immediate reconstruction with an expander. The reason for 
using the expander was because of the presence of a very 
thin mastectomy skin flap; it can be considered an emer-
gency reconstruction.

During the expansion there was a decubitus of the 
expander, and the procedure was changed to autologous 
reconstruction with a deep inferior epigastric perforator flap 
(Fig. 47.11).

The final result at the time of nipple–areola reconstruction 
is shown in Fig. 47.12.

Fig. 47.6 Result 2 months from the last lipofilling at the time of the 
third lipofilling and tattooing

Fig. 47.7 Patient presents with high-grade capsular contraction

Fig. 47.8 Preoperative planning for deep inferior epigastric perforator 
(DIEP) flap reconstruction

Fig. 47.9 Intraoperative assessment of the DIEP flap
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47.5  Conclusion

The salvage of the infected and/or exposed breast prosthesis 
remains a challenging but viable option for a subset of 
patients.

Keys to success include culture-directed antibiotics, cap-
sulectomy, device exchange, and adequate soft tissue cover-
age. Relative contraindications to breast device salvage 
include atypical pathogens on wound culture, such as Gram- 
negative rods, methicillin-resistant Staphylococcus aureus, 
and Candida parapsilosis.

Patients with a prior device infection and exposure and a 
history of either radiotherapy or S. aureus on wound culture 
should be closely monitored for signs of recurrent breast 
prosthesis infection/exposure and managed cautiously in the 
setting of elective breast surgery.
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Physiopathology, Prevention, 
and Treatment of Capsular Contracture

Alessia M. Lardi and Jian Farhadi

48.1  Introduction

Capsular contracture is the formation of a fibrous peripros-
thetic shell as a foreign body response. The capsule has a 
trilaminar structure. The inner layer consists of a synovial-
type metaplasia from fibrocytes and histiocytes, the inter-
mediate layer of smaller fibrils in a vessel-rich network, 
and the outer layer of densely packed collagen fibers. 
Myofibroblasts sit in the outer layer, and the capsule may 
constrict and cause pain and deformation of the implant. 
Capsular contracture despite advances in surgical technique 
and implant devices remains a frequent complication after 
breast reconstruction (2.8–15.9%) [1, 2]. With the adjunct 
of radiotherapy, a recognized risk factor, capsular contrac-
ture rates of 15–50% have been reported [3–8]. In 20–30%, 
revision surgery has to be performed because of capsular 
contracture [9–12]. Capsular contracture, because of the 
multifactorial and in part still unclear etiology, the impair-
ment of quality of life, and the significant economic impact, 
is subject of greatest interest in plastic and reconstructive 
surgery.

48.2  Diagnosis

Estimation of the presence and severity of capsular contrac-
ture is performed by a clinical evaluation. Baker’s classifica-
tion of capsular contracture is used widely for assessment 
and classification of capsular contracture. The modification 
of the Baker’s classification includes classes IA, IB, II, III, 
and IV and has been developed to describe breast reconstruc-
tion more accurately (Table 48.1) [13, 14].

This evaluation is subjective in regard to the individual 
examiner, and various clinical works outline the importance 
of imaging techniques in the evaluation of the severity of 
capsular contracture. A range of imaging modalities was 
tested for this purpose including mammography, ultrasound, 
CT scans, and magnetic resonance images (MRIs). Of these, 
MRI and ultrasound (US) were proven as the modalities of 
choice [15, 16].

In clinical practice there is no consent of performing 
imaging to confirm capsular contracture. Many plastic sur-
geons still rely on clinical evaluation in planning further 
treatment. MRI and US might be useful to find rupture of the 
implant and distinguish from other causes of pain/symptoms 
as tumor or seroma and last but not least for legal reasons.
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Table 48.1 Baker’s classification

Class IA Absolutely natural; cannot tell breast was reconstructed
Class IB Soft, but device is detectable by physical examination or 

inspection because of the mastectomy
Class II Mildly firm reconstructed breast with a device that may be 

visible and detectable by physical examination
Class 
IIB

Moderately firm reconstructed breast with a device that is 
readily detectable, but the result is acceptable and does 
not require operative intervention

Class III Moderately firm reconstructed breast with a device that is 
readily detectable and that requires operative intervention

Class IV Severe capsular contracture with an unacceptable aesthetic 
outcome and/or significant patient symptoms that require 
operative intervention
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48.3  Physiopathology

The etiology of capsular contracture has been considered for 
many years. Potential etiologies include the hypertrophic scar 
hypothesis, myofibroblasts, silicone gel bleed, hematoma 
theory, age, and the infectious theory. Most of these theories 
do not have sound data to support their relevance; however, 
the infectious theory has accumulated a plethora of support-
ing data and remains the leading theory for this condition. 
Nevertheless, most experts feel that capsular contracture is a 
multifactorial problem. What we know is at the cellular level 
capsular contracture is most likely caused by any factor pro-
ducing inflammation within the periprosthetic pocket and 
near the developing capsule, leading to abnormal downstream 
collagen or myofibroblast deposition [17–25].

While several capsular contracture studies investigated 
signaling pathways mediated by transforming growth 
factor-ß (TGF-ß) [18], tumor necrosis factor-stimulated 
gene-6 (TSG-6) [20], or leukotriene antagonist-mediated 
immunomodulation [23, 26, 27], others focused on the 
impact of subclinical infection or biofilms [28–35]. An 
association between bacteria and capsular contracture is 
supported by studies implementing increasingly sophisticated 
culture techniques [34], recently accompanied by electron 
and confocal microcopy and molecular biology [28, 29, 31, 
33]. Techniques mitigating periprosthetic bacterial 
contamination that reduce the rate of capsular contracture 
support this association [29, 36, 37]. A prospective, blinded 
study showed that S. epidermidis was significantly associated 
with capsular contracture. S. epidermidis was present in 90% 
of implants removed for Baker grade III or IV contracture, 
compared to 12% of implants removed for reasons other than 
contracture [30]. Data have also suggested that capsular 
contracture and its relation to the infectious theory are a 
polymicrobial issue with multiple bacteria implicated in the 
formation of capsular contracture [38] (Table 48.2). Studies 
on biofilms and the propensity for these to attach to the 
silicone elastomer have further supported the infectious 
theory for capsular contracture, suspecting that multiple 
bacterial strains, both biofilm and nonbiofilm, may cause this 
condition [30]. Nevertheless there is still no definitive 
conclusion on the etiology of capsular contracture. Capsular 
contracture does not affect every patient; also the time lapse 
between surgery and clinically significant contracture 
development can vary greatly. In a porcine experiment, 
animals which were given implants and inoculated with S. 
epidermidis did show an increase in the incidence of capsular 
contracture when compared to those not inoculated; however, 
there were still incidences of capsular contracture in the non- 
inoculated group [31]. Some authors suspect, therefore, that 
infection, and the subsequent inflammatory response, while 
maybe increasing the rate at which capsular contracture 

develops does not in fact cause it and biofilm formation may 
be an incidental finding, rather than a cause and effect in the 
setting of capsular contracture [39].

Adams describes the net sum of the potentiators and sup-
pressors that ultimately result in the pathologic state of cap-
sular contracture. Potentiators are bacteria, tissue trauma, 
blood, and radiotherapy; suppressors of inflammation are 
antibiotic irrigations, sound surgical technique, and implant 
type [38].

48.4  Prevention

Different approaches have been investigated in preventing 
capsular contracture:

 1. Filling material: Historically, the type of fill was thought 
to influence the development of capsular contracture. 
Silicone gel implants have had higher capsular 
contracture rates than saline implants. Older-generation 
silicone gel devices were characterized by higher gel 
bleed than current generation implants and exhibited 
much higher contracture rates [1, 40–46]. Current- 
generation silicone implants appear to have a similar 
risk of contracture compared to saline implants.

 2. Placement: Several studies suggest that submuscular 
placement reduce the risk of capsular contracture [47]. 
Submuscular placement may protect against capsular 
contracture because the pectoralis muscle moves the 
implant in the pocket during regular activity. A second 
hypothesis is that the pectoralis major muscle serves as a 
protective barrier to bacterial contamination from the 

Table 48.2 Polymicrobial factors in formation of capsular contrac-
ture [38]

Staphylococcus epidermidis
Diphtheroids
Propionibacterium acnes
Enterobacter cloacae
Camphoctophaga
Group D Enterococcus
Propionibacterium granulosum
Staphylococcus aureus
Peptococcus
Streptococcus gamma
Propionibacterium avidum
Micrococcus
Clostridium clostridia
Bacillus cereus
Clostridium cadaveris
Enterobacter agglomerans
Escherichia coli
Proteus mirabilis
Pseudomonas
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nipple and is more resistant to infection compared to skin 
flaps. It may be the muscle simply disguises the capsule 
because it is one more tissue layer covering the implant.

 3. Texturing: Texturing of the implant surface is associated 
with reduced capsular contracture following 
subglandular and submuscular placement of saline and 
gel-filled implants [48–50]. This finding has been 
supported by a recent risk analysis concluding that 
smooth implants resulted in increased odds of capsular 
contracture [51]. Polyurethane foam-covered implants 
by most authors are described as superior in reducing 
the risk of capsular contracture compared with smooth 
or textured implants [9, 52, 53]. Histological examination 
has found less fibrotic tissue and less type 3 collagen in 
capsules surrounding polyurethane implants than seen 
with textured. The role of texturing and polyurethane 
covering in the pathogenesis of breast implant-associated 
anaplastic large cell lymphomas (ALCLs) is not yet 
clarified [54–56]. In contrast, other authors report that 
texturing of implants did not have a beneficial effect in 
submuscular placement [49, 57], even after 10 years [9]. 
Currently, there is still a lack of definitive data to support 
a benefit of texture with regard to capsular contracture.

 4. Prophylactic antibiotics: The role of systemic prophy-
lactic antibiotics in development of capsular contracture 
is unknown. It does reduce the intraoperative wound 
microbiology [58] and may reduce the risk of early and 
late postoperative complications [59, 60]. From the cur-
rent evidence available, it is recommended to routinely 
administer prophylactic antibiotics in reconstructive 
breast surgery to reduce surgical site infection [61, 62]. 
A recent study suggests a single preoperative dose of 
intravenous antibiotics to be sufficient to provide ade-
quate prophylaxis against immediate postoperative 
wound infection in immediate implant-based breast 
reconstruction [63]. We follow these recommendations 
because infection is a well- known risk for development 
of capsular contracture, and preventing infection in our 
opinion means partially preventing capsular 
contracture.

 5. Irrigation: In the past, antibiotic breast pocket irrigation 
with triple antibiotic solution was emphasized as a 
method of encapsulation prevention [36, 64]. Recent 
studies concluded that perioperative antibacterial 
solution may be suboptimal to prevent bacterial seeding 
as breast ductules likely harbor bacteria seeding the 
implant and antibiotic irrigation is unlikely to reach 
bacteria contained within breast ductules as it only 
bathes cells exposed by the surgical dissection [65].

Betadine irrigation 50% was associated with a sig-
nificantly lower capsular contraction rate than irrigating 
the pockets with saline alone [66].

 6. Surgical incision: In reconstructive surgery the incision 
is given by the location and size of the tumor in 
oncological mastectomy. In aesthetic surgery 
inframammary incision is associated with lower capsular 
contracture rates then periareolar incisions [67, 68]. In 
prophylactic mastectomies there is no clear data 
comparing nipple-sparing and skin-sparing mastectomies 
in terms of incision and capsular contracture rates.

 7. Drainage: There is a large body of clinical data showing 
low capsular contracture rates when no drain was placed 
[1, 36, 40, 41, 43]. The risk of infection is fivefold higher 
with the use of drains [69].

 8. ADM: ADM-assisted breast reconstructions have been 
associated with capsular contracture rates of <5%, 
albeit a shorter follow-up period of 0.6–2.4 year [70–
77] is reported. Mechanistic studies in animal models as 
well as human histopathologic studies suggest a reduc-
tion or delay in capsule formation in the presence of 
ADM [78–82]. A recent long-term study looked at 127 
patients with a reconstruction with a porcine acellular 
dermal matrix and reported a capsular contracture inci-
dence of just 0.6% at a mean follow-up of 19.6 months, 
suggesting this may be an effective strategy at prevent-
ing or delaying the onset of capsular contracture [83]. 
Again, like with other proposed management strategies, 
long- term studies are needed in a patient population in 
order to establish if acellular dermal matrices do in fact 
prevent capsular contracture or if they simply delay its 
onset.

 9. Fat grafting: Placing fat grafts in the initial procedure 
along with a half-sized implant, or after radiotherapy to 
prepare for implant reconstruction, has been suggested 
as strategy in prevention/reduction of capsular 
contracture [84, 85].

 10. Pharmaceutical: Recently Ruth Graf recently proposed 
leukotriene antagonist as a prevention option for capsular 
contracture in aesthetic mammoplasty [86] (see also 
comment in “Treatment”).

In our opinion the following measures are recommended 
in the prevention of capsular contracture: preoperative check 
for underlying infection; skin preparation with 0.5% 
chlorhexidine (recommended by Cochrane Review 2015 
[87, 88]); precise planning; highest attention on sterility in 
OR; nipple shield; submammary incision; submuscular 
placement of the implant; sharp surgical technique  – no 
blunt dissection and no over-dissection of the implant 
pocket—irrigation; change of glove before insertion of 
implant; “no touch” technique during implantation; no 
drains; use of ADM in breast reconstruction; and usage of 
high cohesive, textured, or polyurethane foam-covered sili-
cone implants.

48 Physiopathology, Prevention, and Treatment of Capsular Contracture



604

48.5  Treatment of Capsular Contracture

For the treatment of capsular contracture, we suggest to dif-
ferentiate between irradiated and non-irradiated breast 
reconstructions, as their treatment varies.

In non-irradiated breast reconstructions, the majority of 
capsular contractures occur in the first year postimplantation. 
The timing of treatment for an early capsular contracture 
should allow enough time for the process to reach a 
homeostasis where there is not an on-going progression in 
the contracture. 6–9 months from the time of diagnosis is 
adequate for an early capsular contracture [38]. The treatment 
non-irradiated, Baker grade III and IV capsular contractures 
typically involves a total capsulectomy, removing the entire 
affected capsule and implant. Although reoperation with 
implant exchange is the most definitive measure for capsular 
contracture in non-irradiated breast reconstructions, with a 
success rate of approximately 79%, it still has a recurrence 
rate of 54% [47]. Due to suspected issues with biofilms, 
which are extremely hard to eradicate from the silicone 
elastomer of the implant, it is essential to use a new implant 
in the affected breast when treating capsular contracture.

Complete acellular dermal matrix coverage, when used as 
a treatment for established capsular contracture, has been 
described to be an option in treatment in grade III to IV 
capsular contracture. In one study no recurrence was seen at 
a follow up of 9.2 months, in comparison to earlier studies 
which used partial acellular dermal matrix coverage and 
found a recurrence rate of 6.3% [77]. Long-term studies are 
expected to confirm these findings.

Autologous fat transfer, by increasing the vascularity of 
the tissue around the implant, has been discussed as treatment 
strategy for capsular contracture. In a study using pigs, they 
found, although there was no significant difference 
histologically or in Baker grading of the implants, fat 
injection did cause the capsule to soften in the treatment 
group, potentially due to neovascularization in adjacent 
tissue [89]. This is the only study found addressing the use of 
autologous fat transfer as a treatment of capsular contracture. 
Therefore, these results will have to be replicated before 
broad generalizations can be made. However, it does show 
promise for novel surgical treatments.

Capsular contracture after radiotherapy is a well-known 
and frequent problem and challenge for reconstructive 
surgeons. Cordeiro recently published long-term data with 
40.6% of grade III and IV capsular contracture after 
radiotherapy compared to 0.4% high-grade capsular 
contracture rates without radiotherapy. In these cases of 
severe capsular contracture after radiotherapy, the risk of 
recurrence is enormous. Irradiation may cause permanent 
damage to fibroblasts and fibroblast stem cells. Also, often 
there is an irreversible damage to the skin enhancing the risk 
for wound breakdown and at the end failure of the 

reconstruction [16, 88]. In our opinion, in these cases of 
severe capsular contracture after radiotherapy, patients profit 
from a procedure chance to an autologous breast 
reconstruction. Autologous reconstruction brings new well- 
perfused healthy tissue and skin into the scarred and 
contracted area after irradiation, and patients are released 
from numerous revision surgeries. According to patients’ 
figure and preferences, the tissue is taken from the belly, 
thigh, or buttocks.

In the senior authors’ practice, decision for reoperation 
in non-irradiated reconstructions is taken only in grade III 
and IV capsular contracture, according to patient’s symp-
toms, and earliest 6–9  months after primary surgery. 
Patient’s information about high recurrence rate is crucial. 
The same preventive measures as named before are taken. 
We aim for a complete removal of the implant with its cap-
sule in one piece. Depending on different circumstances we 
adjunct autologous fat transfer and/or ADM to the new 
reconstruction.

In irradiated breast reconstruction, if a progressing capsu-
lar contracture is found, the procedure change to autologous 
reconstruction is proposed irrespective of time of occurrence 
of capsular contracture.

There has been interest in the nonsurgical treatment of 
capsular contracture. A variety of different modalities have 
been considered, including mechanical implant displace-
ment, antibiotics, vitamin E, external ultrasound, steroids, 
nonsteroidal anti-inflammatory drugs (NSAIDs), chemo-
therapeutics, and leukotriene inhibitors. No definitive data 
have been reported with a variety of anecdotal experiences 
presented. Several studies in augmentation mammoplasty 
indicate leukotriene receptor antagonists (LTRAs)—specifi-
cally Accolate (zafirlukast) and Singulair (montelukast) may 
be a potential treatment for capsular contracture [90–92]. No 
data are available for capsular contracture in reconstructive 
surgery. These drugs used for asthma have their pharmaco-
logic effect along pathways thought to be related to the 
pathogenesis of capsular contracture. There have been some 
significant (mostly hepatotoxicity-related) adverse effects 
with these drugs, and without good scientific basis for their 
efficacy the off-label use of these medications is not 
recommended.

In aesthetic mammoplasty and symmetrization proce-
dures, adjuncts to the surgical treatment of contracture 
include considering a site change, and, particularly if the 
implant is in the subglandular position, a site change to a 
subpectoral or dual-plane position may be considered or, in 
extreme cases, sometimes exchanging the implant to a fresh 
pocket: even subpectoral to a subglandular position may be 
considered [93]. A newer surgical management technique 
has been proposed which involves the formation of a 
so-called neopocket in which to place the implant. This 
involves the creation of a new subpectoral plane deep to the 
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pectoralis major muscle but superficial to the anterior 
capsule, which is left intact to avoid further tissue damage. 
This allows use of the existing capsule and is usually done 
through an inframammary incision [94]. A retrospective 
review of 198 patients, 69.7% of which presented with 
capsular contracture, who were treated using this technique, 
found a high success rate in reduction of contracture [95]. 
This could be a potential new standard of treatment for 
capsular contracture as it allows the use of the existing 
capsule but gives a new vascularized pocket in which to 
insert a new textured implant. However, at present this is 
only feasible in submuscular placement, as there is enough 
tissue to allow a new plane to be created.

48.6  Summary

Capsular contracture is a frequent complication in implant- 
based breast reconstruction (2.8–15.9%). After irradiation 
capsular contracture rates increase to 15–50%. Capsular con-
tracture has great impact on patient’s quality of life and eco-
nomic aspects. Diagnosis is based on clinical evaluation. 
Baker’s classification is widely accepted for grading its sever-
ity. Ultrasound or MRI might be useful to find rupture of the 
implant and distinguish from other causes of pain/symptoms. 
There is still no definitive conclusion on the etiology of cap-
sular contracture. The infectious theory remains the leading 
theory, but most likely the etiology is multifactorial. Adams 
describes the net sum of the potentiators and suppressors that 
ultimately result in the pathologic state of capsular contrac-
ture. Potentiators are bacteria, tissue trauma, blood, and 
radiotherapy; suppressors of inflammation are irrigations, 
sound surgical technique, and implant type. Lots of effort is 
made in preventing capsular contracture. Up to date textured 
implants, submuscular placement, a single preoperative dose 
of antibiotics, irrigation with Betadine or saline, and avoid-
ance of drains are recommended for prevention. In addition 
ADM and fat grafting are described to lower the risk of cap-
sular contracture.

Treatment for non-irradiated implant-based breast recon-
structions with high grade (grade III and IV) is total capsu-
lectomy and exchange of implant and is performed earliest 
6–9 months postoperative. In high-grade capsular contrac-
ture after irradiation, because of the persistent damage to the 
tissue and high recurrence rate, a procedure change to autol-
ogous reconstruction is recommended.
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Implant Rupture

Cicero Urban, Mauricio Resende, 
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49.1  Introduction

Failure of a breast implant means either a deflation of a 
saline implant or rupture of silicone gel device. Although 
rupture is one of the main causes of implant removal, its 
real rate is difficult to quantify, especially in breast recon-
struction [1]. Reported mechanisms of implant rupture 
include iatrogenic damage, which is the most frequent 
cause, trauma, seat belt contusion injury, blunt trauma, 
compression during mammographic imaging, severe cap-
sular contracture, and degradation of the implant shell. 
Patient’s age, comorbidities, smoking, medications, pre-
senting symptoms, implant duration, and volume did not 
correlate with implant rupture [2, 3].

The significant contribution of iatrogenic damage to 
overall rupture rate suggests that rupture may be more often 
operator-related than device-dependent [2]. Radiation ther-
apy in patients with breast implants does not seem to cause 
a significant increase in complication rates and seems to be 
feasible in the therapeutic management of patients under-
going implant-based breast reconstruction [4]. Most of the 
ruptures have no obvious traumatic origin and are silent or 
intracapsular, thus asymptomatic, and with difficult diag-
nosis with conventional exams (mammogram and ultra-
sound) [1–4].

Rupture is clinically defined as a breach of any size in the 
implant shell. All implants are susceptible to silicone bleed-
ing. However, because of the large weight molecules of the 
silicone, the gel cannot diffuse through the shell, and the gel 
does not appear outside the implant, unless the shell has rup-
tured. Rupture has been suspected to occur as a result of bio-
chemical degradation of the silicone, physical trauma to the 
elastomer at the time of implantation, and fold-flaw failures 
or as a result of mechanical injuries during mammograms, 
closed capsulotomies, or accidents. Loss of integrity of the 
implant shell is diagnosed when silicone gel is present out-
side the implant but within the intact fibrous capsule (intra-
capsular rupture). Extracapsular rupture is less common and 
is defined as rupture of both the implant shell and the fibrous 
capsule with silicone leakage into surrounding tissues and 
embolized tissues at a distance, a situation that although rare 
is possible. Both require implant removal and removal of as 
much of the silicon as possible [5–8] (Figs. 49.1 and 49.2).
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Above 93,000 breast reconstructions were performed in 
2010 in the United States, according to the American Society 
of Plastic Surgeons [9]. Aesthetic outcomes have improved 
with FDA’s reapproval of silicone implants in 2006 and 
introduction of a variety of new implant types. Cohesive sili-
cone gel breast implants are composed of a textured silicone 
elastomer shell and are filled with cohesive silicone gel. 
Cohesive gel is formed by increasing the number of cross-
links between gel molecules, which results in an implant that 
has better retention of shape and is less likely to fold or col-
lapse, especially in the upper pole. In consequence, implant-
based breast reconstruction (IBBR) nowadays is the main 
technique for breast reconstruction [10].

The concentration of low-molecular-weight siloxanes in 
the filler may play a role in implant rupture; these com-
pounds can produce swelling of the elastomer shell, which 
eventually may lead to mechanical weakening and rupture. 
The low- molecular- weight silicone content of current third-
generation (or later) breast implants is significantly lower 
than for the second-generation devices [3].

The 2012, unfortunately, represented the year of the world-
wide crisis with Poly Implant Prosthèse (PIP) implant and 
exposed the need for better evidence regarding effectiveness 
and safety of these devices [11]. The terms of the warranty 
must be carefully studied and fully explained to the patient as 
part of the surgical informed consent [12].

So, the aim of this chapter was to address the incidence, 
evaluation, and management of implant rupture in breast 
reconstruction.

49.2  Incidence

The incidence of implant rupture ranges widely from 0.3% 
to 77% and remains a controversial issue. Different methods 
to evaluate and diagnose rupture can explain this discrep-

ancy [13–18]. Marotta conducted a large cohort meta-anal-
ysis for explanted silicone gel-filled breast implants (8000 
explants from 35 studies) and found a statistically significant 
correlation between implant duration and elastomer shell 
failure (25% within 3.9 years and 71.6% at 18.9 years). An 
updated reanalysis (9774 explanted implants from 42 stud-
ies) revealed 26% failure at 3.9 years, 47% at 10.3 years, and 
69% at 17.8 years [11, 18].

The fact that prevalence of rupture increases over time is 
not surprising since prevalence is a cumulative measure at a 
given moment in time. This, however, does not imply that the 
probability of rupture during a specified time period (inci-
dence) increases with increasing implant age, a conclusion 
that cannot be drawn from the selected cross- sectional data. 
In addition, damage to implants during the explantation can 
also lead to an overestimation of in  vivo prevalence. 
According to Slavin and Goldwyn, as many as 24% of rup-
ture identified at time of explantation occurred as a direct 
result of the procedure to remove the implant [19].

So it is difficult to compare the results of many cross- 
sectional rupture prevalence studies, for several reasons. 
Studies often include women with first-, second-, and third- 
generation implants, saline and silicone implants, and 
implants made by different manufacturers. Moreover, studies 
show data on women with different follow-up periods, and 
determination of rupture has been based on different detec-
tion methods like explantation, ultrasound, mammography, 
MRI, and clinical survey in patient cohorts. Specific analyses 
in IBBR are rare. Henriksen found three cases of implant rup-
ture (IR, 0.4 cases per 1000 implant- months) 2 years after 
breast reconstruction using silicone implants (n = 1610) [20]. 
Although there is limited data, less capsular contracture and 
implant rupture with recent generations of breast implants is 
expected, and the rupture rate could be between 12% and 
15% [9–20]. There is no long-term conclusive data on IBBR 
and on influence of radiotherapy.

Fig. 49.2 Silicone bilaterally 
infiltrating breast tissue 
(explanted from patient in 
Fig. 49.1)
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49.3  Diagnosis

Clinical diagnosis is difficult, being based solely on non- 
specific findings such as palpable nodules (silicone granu-
loma), asymmetry, or tenderness. Most ruptures are silent, 
and the sensitivity of expert surgeons to diagnose rupture has 
been estimated to be approximately 30% [3]. Free silicone 
has, in rare cases, spread to distant body regions giving rise to 
symptoms. If implant rupture is accompanied by loss of the 
shape of the breast, the diagnosis at a physical examination is 
feasible. Breast pain is a strong indicator of rupture, but the 
absence of pain doesn’t exclude rupture. Contour deformity 
(44%) is the most common symptom followed by displace-
ment (20%) and mass formation (17%). Physical examina-
tion fails to diagnose implant rupture in more than 50% of 
cases. Rupture of silicone implant, for most of women, is a 
harmless condition, which does not appear to progress or to 
produce significant clinical symptoms [9–24].

Early diagnosis of implant rupture is important because 
surgical removal of extracapsular silicone in the breast 
parenchyma and lymphatics is difficult [25].

Ultrasound has a low sensibility to detect silicone implant 
rupture; about 41% of women with implant rupture have an 
ultrasound with no detectable changes; features considered 
indicative of intracapsular rupture were hyperechoic “serpen-
tine” and silicone nodules in the axillary cords and false posi-
tive in about 40% [21, 26]. The most reliable sign of 
extracapsular rupture is a group of focal nodules with a gen-
eralized increase in echogenicity of the breast tissue and loss 
of normal parenchymal interface resulting from dispersion of 
the ultrasound beam, hyperechoic and hypoechoic assets 
(caused by a leakage of the intraprosthetic content, resulting 
in inflammation of the periprosthetic tissue), discontinuity of 
the breast implant capsule, siliconomas, and granulomas con-
taining large silicone parts (which result in the transmission 
of an ultrasound beam similar to that in fluids, with minimal 
fibrous reaction and the appearance of complex cysts) [22, 
26] (Fig. 49.3).

Mammography is of little value in the assessment of 
implant integrity, although it may be useful for the assess-
ment of the surrounding breast tissue. Although there are 
some reported cases of implant rupture from compression 
during a mammogram, probably they occurred in women 
who had intracapsular ruptures previously [6].

Magnetic resonance imaging (MRI) is the most accurate 
technique in the evaluation of implant integrity. Its sensitiv-
ity for rupture is between 80% and 90%, and its specificity 
is between 90% and 97%. The use of contrast agents in 
MRI studies for assessment of breast implant integrity is 
not recommended. Silicone leakage progression either her-
niation of silicone within the fibrous capsule, migration 
from the intracapsular space into the surrounding tissue, or 
progression of extracapsular silicone can be observed by 

MRI. Signs of intra- or extracapsular implant rupture are 
already reported in literature: linguine sign, teardrop sign, 
keyhole sign, presence of siliconomas, and free silicone. 
There’s no increase in autoantibody levels and no increase 
in reported breast hardness. Normally women do not relate 
breast changes and do not produce significant clinical 
symptoms. Thus, MRI is the gold standard to detect and 
follow-up breast implant ruptures, and the presence of a 
positive ultrasound examination requires magnetic reso-
nance imaging before surgery to avoid an unnecessary 
operation and to contain costs [4, 23, 24, 26, 27] (Figs. 49.4 
and 49.5).

The use of dual-energy computed tomography is promis-
ing in evaluating the extent of extracapsular rupture and 
nodal involvement in a single, noncontrast, breathhold scan, 
according to Glazebrook et al. [28].

Fig. 49.3 Bilateral rupture after 4 years of immediate breast recon-
struction with form-stable anatomic breast implants
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The US Food and Drug Administration recommends that 
patients with silicone gel implants should undergo magnetic 
resonance imaging screening 3 years postoperatively and at 
2-year intervals thereafter. However, the scientific basis for 
these recommendations has been the subject of considerable 
debate. Some have questioned whether magnetic resonance 
imaging screening of asymptomatic women leads to a reduc-
tion in patient morbidity and whether the potential benefits 
outweigh the risks and costs. Others have reported asymp-
tomatic patients with a false-positive magnetic resonance 
imaging scan who underwent unnecessary surgery. Such 
information led individual members of a recent US Food and 
Drug Administration advisory panel to suggest eliminating 
the current screening recommendations from labeling [3].

49.4  Treatment

Explantation is the gold standard treatment to silicone 
implant rupture, with the removal of as much silicone as 
possible. In patients with capsular contracture, insertion of 
the new implant into a virgin pocket is advisable to reduce 

the risk of recurrent contracture. It may be advisable to place 
the new implant in a virgin pocket to isolate it from the field 
of gel contamination when all silicone material couldn’t be 
removed [3].

Surgery isn’t the single alternative. Hölmich studied 64 
patients with at least one rupture at MRI. There was prog-
ress in 11% of silicone either as a conversion from intra-
capsular into extracapsular ruptures [15]. There was no 
increase in levels of autoantibodies during the study. 
Because of the small risk of silicone spread, women with 
implant rupture could be followed clinically, if not (prefer-
entially) operated on. Residual silicone inside the breast of 
a breast cancer patient represents a risk for a mass in the 
breast that could add difficulties in differential diagnosis 
with recurrence.

Some authors suggest a relationship between implant rup-
ture and fibromyalgia. But it remains an unsolved question. 
There’s no evidence that silicone breast implant rupture can 
cause long-term serious diseases, like breast cancer or con-
nective tissue diseases [9, 17].

49.5  Conclusions

IBBR is the main technique in breast cancer reconstruction. 
Rupture rates in these cases are not well known, although 
an early diagnosis and prompt surgical management are 
expected to avoid major local problems, and silicone is 
expected to not give any systemic consequence to the patient. 
Modern implants are constructed with more durable elasto-
meric shells, incorporate a barrier to gel bleed, and contain 
more cohesive silicone than earlier generation devices [3].

MRI is the most accurate method for implant failure diag-
nosis, but long-term cohort studies are necessary to evaluate 
integrity rates of these devices to better support their indica-
tions, follow-up, and limits in breast reconstruction and will 
enable patients to become active participants in making 
treatment decisions.
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Fig. 50.1 Mammary asymmetry: 60-year-old patient, with previous 
breast mastoplasty, in 2003 underwent conservative surgery and 
radiotherapy in the left breast after the diagnosis of in situ ductal 
carcinoma. Weight gain and ptoses over the years reflected in different 
shape and breast volume, specially with the constrictive effect of 
radiotherapy over the left breast. Photo taken in 2012 showing 
asymmetric volume and position of the inframammary fold. Source: Dr. 
Cericatto

Inframammary Fold Reconstruction

Rodrigo Cericatto, Gabriela Dinnebier Tomazzoni, 
Fernando Schuh, Jorge Villanova Biazús, 
and José Antônio Cavalheiro

The inframammary fold (IMF) is the lower boundary 
between the breast and the chest wall. It is usually located 
between the fifth or sixth intercostal space. The inframam-
mary fold is approximately 5–7 cm distant from the areola in 
small to medium breasts and 7–9 cm in larger breasts [1–6].

There have been controversial opinions between anato-
mists and surgeons regarding the anatomy of the inframam-
mary fold. Whereas anatomists do not see the inframammary 
fold as a specific anatomical structure, but as part of the 
superficial fascia of the breast, surgeons believe in the exis-
tence of a true inframammary ligament.

The most critical visual landmark of the breast is the 
inframammary fold, and creating a well-defined 
inframammary fold is very important for the success of 
breast reconstruction, regardless of the surgical technique 
used.

Other significant factors for defining breast aesthetics are 
the position of the nipple-areola complex and breast contour 
and projection.

The symmetry with the contralateral breast is determined 
not only by breast shape, volume, and degree of ptosis but 
also by a well-defined position of the fold.

It is important to preserve the inframammary fold in 
oncologic breast surgeries, whenever possible. In certain 
situations, the fold can be moved to a lower or upper position. 
Therefore, during a mastectomy, surgeons should prevent the 
dissection from extending far beyond the inframammary 
fold, thus avoiding creating an undefined fold. For this 
reason, special attention should be paid to the ptosis of the 
reconstructed breast and inframammary fold positioning in 
postmastectomy reconstructions (Fig. 50.1).

50.1  When Should Reconstruction 
Be Performed?

In general, inframammary fold reconstruction should only be 
performed after the skin overlying the chest wall achieves 
good mobility. In surgeries initially using a tissue expander, 
fold reconstruction should be performed only when the 
expander is replaced with the prosthesis. In patients submit-
ted to radiotherapy after mastectomy and immediate implant 
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(tissue expander or prosthesis)-based breast reconstruction, 
at least 4–6 months are necessary after radiotherapy to plan 
the secondary surgery, when inframammary fold correction 
is mandatory.

50.2  Indications for Inframammary Fold 
Reconstruction

Inframammary fold reconstruction is mainly performed in 
cases of late postmastectomy breast reconstruction. Usually 
the anatomical landmark of the original fold site could not 
be preserved because of larger skin excision and upward 
dislocation of the IMF as the result of skin closure. Late 
effects of adjuvant radiotherapy may also interfere with the 
position and the definition of the inframammary fold. It is 
also worth mentioning that the main goal of the breast 
reconstruction should be to achieve symmetry with the 
opposite breast.

50.3  Surgical Planning

After defining the technique to be used for inframammary 
fold reconstruction, skin marking is performed with the 
patient in a sitting or standing position, in the preoperative 
setting. IMF position is located on or immediately below the 
sixth rib, along the breast meridian line. Contralateral IMF 
projection is used to delimit the correct planning (Fig. 50.2).

50.4  Surgical Techniques

Several surgical techniques have been described for both cre-
ation and correction or better definition of the inframammary 
fold. More recently, lipofilling has also been associated with 
correction of poorly defined folds.

50.4.1  External Approach

This technique was described by Ryan in 1982, and it offers 
the possibility of using a portion of the upper abdominal skin 
to cover the prosthesis while defining and stabilizing the 
inframammary fold. It involves creating a new scar at the 
definite site of the inframammary fold. In cases of 
reconstruction involving direct prosthesis placement, a 
second marking is performed below the prior marking of the 
site where the fold should be located with the purpose of 
pulling a skin flap upward to cover the lower portion of the 
prosthesis. Usually 1  cm for each 100 ml of prosthesis is 
used as the measure below the fold for the new marking 
along the breast meridian line. A new 1-cm crescent marking 

is performed over this lower marking. During the surgery, 
this crescent is de-epithelized. An incision is made in the 
center of this crescent (reaching the hypodermis). Next, the 
skin is detached with the purpose of obtaining a skin flap and 
fixing the lower flap on the site of the definitive fold. This 
lower flap is then fixed on the chest wall. After prosthesis 
placement, the upper skin flap is fixed on the edge of the 
lower flap. This technique has been criticized for creating a 
new scar in addition to the mastectomy scar and for making 
it difficult to accurately determine the amount of tissue that 
needs to be moved upward. It is also more difficult to 
implement this technique in very thin patients or in those 
who have very thick subcutaneous tissue.

50.4.2  Internal Approach

This technique is especially used in two-stage breast recon-
struction. Some consider the reconstruction of the inframam-
mary fold as the major step in the exchange procedure. A 
capsulotomy is performed where the fold will be placed 

Fig. 50.2 Planning late breast reconstruction and inframammary fold 
projection. Source: Biazús JV et al. Cirurgia da Mama, 2011
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using the same incision through which the expander is 
removed. After the removal of the expander, the inframam-
mary fold is set using sutures that fix the deep dermis to the 
anterior chest wall. According to Cordeiro et al., it is not nec-
essary to place the sutures into the periosteum for obtaining 
good results, but the suture on the chest wall should be placed 
in the soft tissues that overlie the chest wall and the ribs and 
in the capsule, avoiding the pain related to the periosteum 
suture. The same technique used to set the inframammary 
fold is also used to create an aesthetically pleasing curve 
inferolaterally. Several sutures are placed to precisely recon-
struct the shape of the fold, and the breast envelope begins to 
take shape. Then, the implant is placed.

Using this technique, it is possible to reconstruct the infra-
mammary fold to a higher position, and the prosthesis 
achieves some degree of ptosis without the need for a second-
ary incision or skin incision on the corrected inframammary 
fold. It is described long-term experience with this technique 
demonstrating that the inframammary fold will remain fixed 
over time.

50.4.3  Anchor Approach

Similar to the internal approach, in this technique the correc-
tion is performed through the same incision used for placing 
the definitive prosthesis. The inferior edge of the pectoralis 
major is anchored, and it partially covers the breast prosthe-
sis by being sutured to the skin of the site where the fold will 
be placed. The suture is externally anchored to the skin, 
which is then protected with swabs (Figs. 50.3 and 50.4).

50.4.4  Allograft Approach

In the last decade, it has been frequently immediate or late 
breast reconstruction using implants with the use of 
allografts, especially to cover the outer lower quadrant of the 
breast implants and to define the inframammary fold. 
Allograft malleability makes it possible to achieve good defi-
nition of breast contour and projection, without the associa-
tion of serratus anterior muscle [7–12].

Anchor
Approach

Fig. 50.3 Anchor points with abdominal flap advance. Source: Biazús JV et al. Cirurgia da Mama 2011
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50.4.5  Muscle Flap Recontruction

In late breast reconstruction or failed reconstruction with 
implants, muscle flaps are an option to restore breast volume 
and projection, associated with a more natural consistency, 
even with the development of a natural ptosis, over the years. A 
concern in muscle flap technique is to preferentially set the flap 
at the IMF position, in order to avoid the “patchwork” effect of 
the transition of different skin tonalities (Figs. 50.5 and 50.6).

50.4.6  Lipofilling

The association of lipofilling with external, internal, or 
anchor approach techniques, to reconstruct the IMF, is a new 
option to breast reconstruction. In general, these techniques 
are used in patients who failed in previous implant-based 
breast reconstruction. Below are selected cases of totally 
breast reconstruction with lipofilling associated with infra-
mammary fold definition techniques (Figs. 50.7 and 50.8).

Fig. 50.4 Anchor points—bilateral mastectomy with reconstruction 
using tissue expanders. Asymmetric fold position. When expanders are 
replaced with silicone prosthesis, external anchor points recreate the 

new fold when they are fixed to the periosteum of the sixth rib. Source: 
Photos Dr. Cericatto

Fig. 50.5 Four-year evolution of late left breast reconstruction with 
latissimus dorsi flap and 280 cc prosthesis. Although there is a good 
symetry and development of ptosis, over time, the ideal flap position 

would be over the new inframammary fold position. Regarding the 
breast aesthetic subunit concept, flap positioning over the IMF would 
avoid the “patchwork” visual effect. Source: Images Dr. Cericatto)
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Fig. 50.5 (continued)

Fig. 50.6 Inframammary fold reconstruction using a latissimus dorsi 
flap: radical mastectomy (on the right) with tissue expander 
reconstruction and adjuvant radiotherapy. Expander replaced with 
silicone prosthesis. Significant capsular contracture, fold retraction, and 
thinned skin and muscle in the lower quadrants. Lipofilling was 

performed without success. Inframammary fold reconstructed using 
latissimus dorsi flap and new silicone prosthesis and left breast 
mastoplasty. The flap was positioned in the IMF, respecting the breast 
aesthetic subunit concept. Photo source: Dr. Cericatto
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Fig. 50.6 (continued)
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4th Lipofilling and External
Anchor IMF definition

Failed Implant Based
Breast Reconstruction

1st Lipofilling 2nd Lipofilling 3rd Lipofilling

Late Result after 900 cc of
Lipofilling and IMF Reconstruction

Fig. 50.7 Failed left breast reconstruction with implant. Late left 
breast reconstruction after four sessions of lipofilling associated with 
external IMF approach technique. 900  cc of lipofilling achieved an 

excellent result, with natural breast consistency, temperature, and 
projection. Source: Dr. Biazús

Fig. 50.6 (continued)
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Fig. 50.8 Failed right breast reconstruction with implant. Breast was reconstructed with advancement of upper abdominal flap, associated with 
300 cc of lipofilling. Follow-up of 15 days post surgery. Source: Dr. Cericatto
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Fig. 50.8 (continued)
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Donor-Site Complications

Andrea Manconi, Jean-Yves Petit, and Dario Ribero

51.1  Introduction

Donor-site morbidity is a fundamental topic to take into 
account before surgery in order to balance benefits with iat-
rogenic diseases. Most common donor sites in breast recon-
struction are the lower abdomen and the back. Complications 
can be classified in wound healing complications and func-
tional ones.

51.2  Abdominal Flaps

51.2.1  Functional Complications

The lower abdomen is a well-known donor site used initially 
as myocutaneous flap (pTRAM flap) [1]. Bipedicle flaps were 
described in order to improve blood supply, in association 
with a higher risk of postoperative complications [2]. 
Subsequent methods applied microsurgery to use the domi-
nant deep inferior epigastric blood supply, which led to use of 
the free TRAM flap [3]. The purpose of decreasing the 
abdominal wall morbidity resulted in a shift toward muscle- 
sparing techniques and the deep inferior epigastric artery per-
forator (DIEP) flap [4]. The advantages of the DIEP flap 
versus the pTRAM flap consist of functional preservation 
with the rectus abdominis muscle and rectus sheath sparing. 
This may reduce the incidence of abdominal morbidity. Other 
advantages include better abdominal contour [5] and 
decreased postoperative pain [6]. Critics of the DIEP flap cite 
increased flap failure and operative time attributable to the 

meticulous dissection required for this flap [7]. On the other 
hand, increase in operative time for DIEP flap is justified by 
reduced donor-site morbidity [8]. Knox’s large retrospective 
review suggests that previously described benefits of the 
pTRAM flap may be offset by the need for surgical correction 
of abdominal wall complications. He found that hernia or 
bulge risk is described up to 20% of the cases, with 60% of 
these patients requiring surgery [9]. Although DIEP flaps 
have a longer operating time, functional morbidity rate is low, 
which may contribute to benefits in patient-reported satisfac-
tion and health-related quality of life. Others, however, argue 
that reinforcing abdominal wall closure with mesh results in 
fairly low rates of hernia in pedicled TRAM and free TRAM 
flaps, thus putting into question the importance of muscle 
preservation during flap harvest. Abdominal hernias necessi-
tating repair are not uncommon following abdominally based 
autologous breast reconstruction, with the amount of rectus 
muscle harvested correlated to the likelihood of developing 
an abdominal hernia (Figs. 51.1 and 51.2). A retrospective 
cohort study using the 2008–2012 compared pTRAM, free 
TRAM, and DIEP flap founding that abdominal hernias 
necessitating repair are not uncommon following abdomi-
nally based autologous breast reconstruction, with the amount 
of rectus muscle harvested correlated to the likelihood of 
developing an abdominal hernia.

Anyway pTRAM flap is still largely used. Rietjens 
described the EIO experience showing an abdominal closure 
technique that leaded progressive reducing of bulge/hernia 
formation to maximum. This technique is based on two prin-
ciples: a dual-layer suture repair with mesh and a muscular 
dissection above the arcuate line. Posterior rectus sheath 
isn’t represented below the arquate line, and any gap of ante-
rior sheath repair can expose the peritoneum giving the birth 
to a hernia formation [10, 11]. Also bipedicled pTRAM flaps 
seem to have low morbidity rate if abdominal wall is repaired 
with a two-layer mesh closure [12]. By contrast myosono-
graphic studies provided evidence to support the claim that, 
in younger patients, rectus abdominis muscle function is 
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 statistically better preserved after harvesting a DIEP flap 
compared to a TRAM flap reconstruction. Good recovery of 
muscle function, with complete recovery after surgery, was 
seen in younger women, but still hernia/bulge formation is 
possible although very rare [13]. Hernia repair should be 
meticulous in order to avoid recurrence. In the literature this 
topic is poorly described. Basing on literature and EIO expe-
rience, suprafascial, supramuscular, and laparoscopic 
approaches are possible. The types of mesh used will also 
vary. Mersilene mesh is most frequently used in our institu-
tion. Suprafascial and supramuscular techniques are obtained 
by abdominal scar opening; cutaneous undermining is per-
formed; and bulge or hernia is exposed. Simple bulge can be 
reduced by suprafascial mesh positioning and suture on mus-
cular fascia. Hernias should be exposed and intra-abdominal 
adhesions taken down. The surrounding muscle sheath is 
incised and dissected from the muscle. Muscle edges are 
approximated as much as possible, and the mesh is buried 
beneath the muscular sheath and sutured in a double-layer 
fashion. Laparoscopic approach is based on standard princi-
ples of triangulation. Port placement in the laparoscopic 
repair technique varies for each patient, depending on the 
hernia site, and sites for entry are based on clinical evalua-
tion and CT scan. Entry is obtained by making a 1.5-cm inci-
sion through the skin, and electrocautery is used to incise 
soft tissue until anterior fascia was identified. Both the ante-
rior and posterior fascial layers are sharply incised under 
direct vision to allow access into the intra-abdominal cavity 
and trocars are placed. Carbon dioxide was insufflated, and 
the camera is placed. Intra-abdominal adhesions should be 
taken down. Once avascular planes are established, the her-
nia contents are reduced, and hernia entry is closed by mesh 
positioning and suture (Fig. 51.3).

51.2.2  Wound Healing Complications

Abdominal wall closure is also exposed to wound breaking 
risk. Major risk factors are tension, obesity, smoking, diabe-

tes, and previous surgery. Skin necrosis and seroma forma-
tion can be potential wound break causes. The use of quilting 
suture is controversial, and opposite founding in terms of 
seroma prevention is present in the literature. A rare pyo-
derma gangrenosum has been reported in EIO study as a 
donor site and flap complication causes [14]. It may cause a 
severe systemic infective-like disease with progressive 
necrosis in which diagnosis and treatment are difficult to 
assess. Mesh infections represent one of the most terrific 
complications in breast reconstruction. Late and chronic 
infections can lead to fistula formation (Fig. 51.4a–c).

In those cases treatment is based on antibiotic therapy, 
surgical debridement, VAC therapy, and mesh removal if 
necessary (Fig. 51.5a, b).

Synthetic immediate mesh repositioning isn’t recom-
mended, and high recurrence rate was observed after 
biological mesh repair of contaminated hernia. Direct 

Fig. 51.1 CT abdominal scan after DIEP, original anatomy is restored; 
vascular clips are visible

a

b

Fig. 51.2 (a, b) Postoperative view and CT scan after monopedicle 
TRAM flap and abdominal wall repair with mesh (b). Moderate bulge 
is noticeable. Please notice parietal sheath dilatation in correspondence 
of rectus abdominis lack. Surrounding muscle and navel root are dis-
placed but abdominal wall is continent. Surgery is not strictly required
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closure is possible as hernia formation can increase. So 
DIEP flap presents another strong point because donor site is 
rarely repaired with mesh although infections are possible 
(Fig. 51.6).

51.3  Latissimus Dorsi Flap

51.3.1  Functional Complications

Latissimus dorsi (LD) myocutaneous flaps are well tolerated 
in breast reconstruction, both with implant insertion and as 
extended autologous flap (ELD) [3, 13].  Several previous 
studies have shown that LD muscle transfer can have 
sequelae at the ipsilateral shoulder, but the exact functional 
impairment has been a subject of debate. Majority of publi-
cation support the belief that muscle is expendable, and 
residual muscles of the shoulder joint would compensate for 
it [25, 26]. The topic is debated, but functional impairment 
and changes in daily lives after flap transfer may not be as 
tolerable as previously considered. Nevertheless, the patient 
samples for most of these studies are limited, and assessment 
modalities used in some of these studies were not standard-
ized. In the literature [15], 9 out of 13 articles reported some 

type of limitations in shoulder range of motion after flap 
transfer. In the majority, the degree was not severe, while 
four articles reported no limitation (Clough et al.) [16]. The 
study states that 46% of patients had limitations in upward 
mobility of the hand, while 70% of patients do not show 
objective limitation in muscle function, and 37% have a cer-
tain functional limitation which did not significantly affect 
strength and mobility of the shoulder. Some weaknesses in 
shoulder strength have been tested for any type of motion as 
described in the literature [15]. Impaired shoulder extension 
is most frequent, in concordance with our data. Lumbar her-
nias are also exceptional and may be difficult to detect clini-
cally, but the wider use of CT scans may allow their detection. 
Two spontaneous varieties are well described: a Petit’s her-
nia and a Grynfeltt-Lesshaft’s hernia [16]. The first one is 
through the inferior, and the second one is through the larger 
and superior lumbar triangle. The external oblique and LD 
muscles form the “roof” in this region, and thus, mobiliza-
tion of this muscle predisposes to weakness and herniation. 
The rarity of this complication can be presumably due to 
missed reports or symptom complains. Even lumbar hernia 
treatment is well described in the literature, and different 
cases after latissimus dorsi flap had been presented of whom 
few surgical procedures are described both by laparoscopy 

a

c

b

Fig. 51.3 (a–c) Laparoscopic hernia repair: intraoperative hernia view, scar release, and mesh positioning

51 Donor-Site Complications
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and laparotomy. Technical principle is similar to standard 
lumbar hernia. Of course it is important to prevent these 
complications; in our opinion care should be taken in order 
to avoid extensive muscular dissection beneath rib edge, pre-
serving its protective function. In EIO only 1 case in more 
than 1000 cases has been found. Lumbar hernia has been 
successfully treated with back skin incision, sac exposure 
and incision, and repair with intraperitoneal mesh.

51.3.2  Wound Healing Complications

Seroma is a well-recognized and not uncommon complica-
tion following LD muscle transfer. The incidence of seroma 
after LD muscle harvest has been reported to be high, occur-
ring in up to 80% of patients [17]. Although they have yet to 
be documented clearly, the suggested mechanisms of seroma 

formation include the development of a dead space after flap 
harvest, potentially causing shearing effects with inflamma-
tory reactions, and prolonged leakage into this dead space by 
disrupted vessels and lymphatics as a result of surgical dis-
section [16]. Donor-site seroma following LD muscle trans-
fer can lead to patient discomfort and anxiety and also may 
create wound problems, including wound infection due to 
repetitive aspiration, wound dehiscence, and overlying skin 
flap necrosis. Many efforts have sought to reduce the inci-
dence of seroma formation after LD muscle harvest, includ-
ing avoidance of diathermy dissection, endoscopic or robotic 
dissection, pressure dressings, use of quilting sutures, and 
instillation of fibrin sealants [18]; the latter two methods 
have been the strategies most commonly employed in recent 
years [19]. Several investigations have been conducted to 
determine their efficacy on the prevention of seroma forma-
tion following LD muscle transfer; however, these studies 

a

c

b

Fig. 51.4 (a–c) Infected mesh with cutaneous fistula resection: preoperative fistulography, intraoperative view, and specimen. Fistula tract is 
colored with blue patent to facilitate complete mesh resection
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had contradicting results [20], and there remains no 
 consensus regarding the efficacy of these techniques. In our 
institution, those techniques are rarely used, but drains are 
left in place for 15 days, and extensive unnecessary dissec-
tions are avoided in order to prevent seroma formation [21]. 
Anyway, seroma is often observed and treatment consists in 
percutaneous aspiration eventually repeated once a week 
(Fig. 51.7). Of course patient information represents a key 
role. Back skin necrosis is rarely observed with increased 
rate in ELD flap.

a b

Fig. 51.5 (a, b) Bipedicled TRAM flap massive necrosis. Flap and donor site result after several surgeries

Fig. 51.6 A 6-month postoperative result of DIEP flap donor site com-
plicated by infection. Spontaneous healing could be possible thanks to 
mesh absence

Fig. 51.7 Latissimus dorsi donor-site seromas can be easily evacuated 
by needle aspiration using 15-gauge butterfly needle system connected 
with luer lock 50 cc syringe

51 Donor-Site Complications
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Additional risk factor corresponds to skin thickness, in 
fact subcutaneous undermining is performed very superficial 
in ELD flap [22]. Seromas, infections, and necrosis are 
potential causes of wound breaking. In that case conservative 
treatment is usually possible and wound suture can be easily 
performed in office once the wound bed is properly prepared 
in most of the cases (Fig. 51.8a, b).

References

 1. Hartrampf CR, Scheflan M, Black PW (1982) Breast reconstruc-
tion with a transverse abdominal island flap. Plast Reconstr Surg 
69(2):216–225

 2. Atisha D, Alderman AK (2009) A systematic review of abdominal 
wall function following abdominal flaps for postmastectomy breast 
reconstruction. Ann Plast Surg. 63(2):222–230

 3. Arnez ZM, Smith RW, Eder E, Solinc M, Kersnic M (1988) Breast 
reconstruction by the free lower transverse rectus abdominis mus-
culocutaneous flap. Br J Plast Surg. 41(5):500–505

 4. Allen RJ, Treece P (1994) Deep inferior epigastric perforator flap 
for breast reconstruction. Ann Plast Surg. 32:32–38

 5. Nahabedian MY, Momen B, Galdino G, Manson PN (2002) 
Breast reconstruction with the free TRAM or DIEP flap: patient 
selection, choice of flap, and outcome. Plast Reconstr Surg. 
110:466–475

 6. Kroll SS, Reece GP, Miller MJ et al (2001) Comparison of cost for 
DIEP and free TRAM flap breast reconstructions. Plast Reconstr 
Surg. 107:1413–1416

 7. Feingold RS (2009) Improving surgeon confidence in the DIEP 
flap: a strategy for reducing operative time with minimally invasive 
donor site. Ann Plast Surg. 62:533–537

 8. Uda H, Tomioka YK, Sarukawa S, Sunaga A, Kamochi H, Sugawara 
Y, Yoshimura K (2016) Abdominal morbidity after single-versus 

double-pedicled deep inferior epigastric perforator flap use. J Plast 
Reconstr Aesthet Surg. 69:1178–1183

 9. Knox AD, Ho AL, Leung L, Tashakkor AY, Lennox PA, Van Laeken 
N, Macadam SA (2016) Comparison of outcomes following autol-
ogous breast reconstruction using the DIEP and pedicled TRAM 
flaps: a 12-year clinical retrospective study and literature review. 
Plast Reconstr Surg. 138(1):16–28

 10. Mennie JC, Mohanna PN, O’Donoghue JM, Rainsbury R, Cromwell 
DA (2015) Donor-site hernia repair in abdominal flap breast recon-
struction: a population-based cohort study of 7929 patients. Plast 
Reconstr Surg. 136(1):1–9

 11. Rietjens M, De Lorenzi F, Manconi A, Petit JY, Chirappapha P, 
Hamza A, Martella S, Barbieri B, Gottardi A, Giuseppe L (2015) 
Technique for minimizing donor-site morbidity after pedicled 
TRAM-flap breast reconstruction: outcomes by a single surgeon’s 
experience. Plast Reconstr Surg Glob Open. 3(8):e476

 12. Bharti G, Groves L, Sanger C, Thompson J, David L, Marks M 
(2013) Minimizing donor-site morbidity following bilateral pedi-
cled TRAM breast reconstruction with the double mesh fold over 
technique. Ann Plast Surg. 70(5):484–487

 13. Seidenstuecker K, Legler U, Munder B, Andree C, Mahajan A, 
Witzel C (2016) Myosonographic study of abdominal wall dynamics 
to assess donor site morbidity after microsurgical breast reconstruc-
tion with a DIEP or an ms-2 TRAM flap. J Plast Reconstr Aesthet 
Surg. 69(5):598–603. https://doi.org/10.1016/j.bjps.2015.11.007 
Epub 2015 Nov 25

 14. Rietjens M, Cuccia G, Brenelli F, Manconi A, Martella S, De 
Lorenzi F (2010) A pyoderma gangrenosum following breast recon-
struction: a rare cause of skin necrosis. Breast J. 16(2):200–202

 15. Lee KT, Mun GH (2014) A systematic review of functional donor- 
site morbidity after latissimus dorsi muscle transfer. Plast Reconstr 
Surg 134:303–314

 16. Clough KB, Louis-Sylvestre C, Fitoussi A, Couturaud B, Nos C 
(2002) Donor site sequelae after autologous breast reconstruc-
tion with an extended latissimus dorsi flap. Plast Reconstr Surg 
109:1904–1911

a b

Fig. 51.8 (a, b) Latissimus dorsi donor-site skin necrosis and wound breakdown: complete spontaneous healing after several months

A. Manconi et al.



631

 17. Delay E, Gounot N, Bouillot A, Zlatoff P, Rivoire M (1998) 
Autologous latissimus breast reconstruction: a 3-year clinical expe-
rience with 100 patients. Plast Reconstr Surg 102:1461–1478

 18. Dancey AL, Cheema M, Thomas SS (2010) A prospective random-
ized trial of the efficacy of marginal quilting sutures and fibrin 
 sealant in reducing the incidence of seromas in the extended latis-
simus dorsi donor site. Plast Reconstr Surg 125:1309–1317

 19. Kulber DA, Bacilious N, Peters ED, Gayle LB, Hoffman L (1997) 
The use of fibrin sealant in the prevention of seromas. Plast Reconstr 
Surg 99:842–849

 20. Button J, Scott J, Taghizadeh R, Weiler-Mithoff E, Hart AM (2010) 
Shoulder function following autologous latissimus dorsi breast 
reconstruction. A prospective three year observational study com-

paring quilting and non-quilting donor site techniques. J Plast 
Reconstr Aesthet Surg 63:1505–1512

 21. Lee K-T, Mun G-H (2015) Fibrin sealants and quilting suture for 
prevention of seroma formation following latissimus dorsi muscle 
harvest: a systematic review and meta-analysis. Aesth Plast Surg 
39:399–409

 22. Kim H, Wiraatmadja ES, Lim SY, Pyon JK, Bang SI, Oh KS, Lee 
JE, Nam SJ, Mun GH (2013) Comparison of morbidity of donor 
site following pedicled muscle-sparing latissimus dorsi flap ver-
sus extended latissimus dorsi flap breast reconstruction. J Plast 
Reconstr Aesthet Surg. 66(5):640–646. https://doi.org/10.1016/j.
bjps.2013.01.026 Epub 2013 Feb 18

51 Donor-Site Complications



633© Springer International Publishing AG, part of Springer Nature 2019
C. Urban et al. (eds.), Oncoplastic and Reconstructive Breast Surgery, https://doi.org/10.1007/978-3-319-62927-8_52

Complications of Unipedicled TRAM 
Flap Reconstruction: Treatment 
and Prevention (and Their Influence 
on the Choice of the Reconstruction)

Jean-Marc Piat

52.1  Introduction

After a description of the technique in 1982 [1], Carl 
Hartrampf was the pioneer and promoter of unipedicled 
transverse rectus abdominis myocutaneous (TRAM) flap 
breast reconstruction. The principles of pedicled TRAM flap 
(unipedicled or bipedicled) reconstruction with preparation 
of the flap by ligation of the inferior epigastric vessels 
(delayed TRAM flap) and strengthening of the vascularization 
by microanastomoses of the inferior epigastric vessels 
(supercharged TRAM flap) and the principles of free TRAM 
flap reconstruction by microanastomoses of the deep inferior 
epigastric vessels were quickly proposed [2, 3].

Subsequently new techniques of reconstruction with 
TRAM flap microanastomoses were developed in order to 
preserve the abdominal fascia. The deep inferior epigas-
tric perforator (DIEP) flap reconstruction leaves the right 
rectus abdominis muscle totally in place the [4]. The 
superficial inferior epigastric artery (SIEA) reconstruc-
tion avoids a fascial incision [5]. These techniques give 
excellent results in referral centers for surgeons trained in 
microsurgery.

TRAM flap reconstruction is a technique of choice 
because it allows reconstructing a breast without a prosthesis, 
with a natural look, and which is easily improvable by 
lipomodeling and is very stable over time regardless of 
changes in the weight of the patient [6]. Specific complications 
are mainly necrosis of the flap and the weakening of the 
abdominal wall, which can cause a hernia or bulge. There are 
also less specific complications such as infection, which 
must be taken into account when choosing the technique 
(whether or not to use mesh at the wall).

The TRAM technique is used routinely by many sur-
geons all over the world. The choice of the technique 
(unipedicled, bipedicled, or microanastomoses) depends 
largely on individual experience, but proportionally few 
surgeons are experienced in microsurgery. Each TRAM 
technique has advantages and disadvantages, with a risk 
of partial or total necrosis and a risk of more or less 
important parietal complications. The risk of complica-
tions is dominated by parietal complications for pedicled 
TRAM flap reconstruction and the total loss of the TRAM 
flap for microanastomoses [7, 8].

Since being trained in the technique of unipedicled 
TRAM flap reconstruction by Madeleine Lejour in 
Brussels in 1989, I have acquired a personal experience of 
more than 680 such reconstructions. The beginning was 
marked by an important rate of partial necrosis of 8% dur-
ing the first 60 TRAM flap reconstructions without this 
being clearly explainable by a technical problem or a spe-
cific risk factor related to the patient. Then we became 
more selective with patients and improved the technology 
to make it more and more reliable. The use of delayed 
TRAM flap reconstruction has reduced very significantly 
the rate of partial necrosis to 3%, as it was shown by a 
study of 192 consecutive unipedicled TRAM flap recon-
structions done between 2003 and 2009. Similarly, the 
rate of parietal complications of about 10% at the begin-
ning of the study was reduced to 4.6% owing to the tech-
nical reconstruction of the wall adapted to each patient. 
The rate of partial necrosis went down to 1.4% (2 cases 
over 141 TRAM carried out), in a prospective study done 
between November 2012 and June 2016, for which a com-
puted tomographic angiography was systematically done 
after preparation (either surgically or with embolization). 
Eleven patients were contraindicated due to a really poor 
resumption of superior epigastric vascularization after 
preparation.
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52.2  Complications of Unipedicled TRAM 
Flap Reconstruction and Their 
Treatment

52.2.1  Necrosis

Necrosis is linked to a lack of blood supply, following an 
arterial ischemia, to part of the flap, resulting in peripheral 
venous congestion followed by thrombosis. In my experience, 
an important arterial flow coming from the superior epigastric 
artery, after having severed the lower epigastric artery on the 
lower part of the right rectus abdominis muscle, is a good 
sign of a future vascularization of the flap, even more if the 
flow is pulsatile.

After the surgery and in the early postoperative hours, the 
capillary refill is the best indirect evidence of vascularization 
of the flap. If it is less than 2 s in the peripheral zone, the least 
well vascularized, we can expect a favorable outcome. If it is 
more than 2 s, the flap should be monitored very carefully. If 
it is more than 3 s, necrosis is a concern. It is rare to observe 
a suffering of the flap related to a venous congestion. This 
may happen when the venous return is done preferably 
through the cutaneous network rather than the epigastric 
vessel. In this situation, it evolves positively within 48  h, 
with blood loss that may require blood transfer.

Some propose putting a temporary drain in place during 
the operation, intubating one of the epigastric inferior veins 
with an angiocatheter to drain the flap when the degree of 
venous congestion is very high [9].

52.2.1.1  Important Flap Loss (Greater than 25% 
of the Flap)

The total loss of the flap is exceptional in cases of unipedi-
cled TRAM flap reconstruction. It may be related to a prob-
lem of notification as it has only happened once in our 
experience. This was a 65-year-old woman who had had two 
Pfannenstiel incisions (one for a hysterectomy and one for a 
prolapse), which were much more traumatic for perforating 
vessels than a Pfannenstiel incision made for a caesarean 
section. As the patient showed abdominal excess compatible 
with TRAM flap reconstruction and moreover was very ada-
mant about having the operation, TRAM flap reconstruction 
was chosen, knowing that there was a risk associated with 
her age and surgical history. The appearance of the flap after 
surgery was satisfactory. The results were marked by pro-
gressive thrombosis of the flap causing extensive necrosis of 
more than 50%, as well as a pulmonary embolism occurring 
on the 15th postoperative day which required the removal of 
the flap on postoperative day 21 (Fig.  52.1). The patient 
reported spontaneous thrombosis related to a factor V Leiden 
anomaly in her daughter. Additional tests showed the exis-
tence in her case of a factor V Leiden anomaly, which is 
known to be a risk factor for necrosis of the TRAM flap [10].

Apart from high-risk situations of poor arterial blood sup-
ply (smoking, obese, or diabetic patients, Raynaud’s syn-
drome), which are for some only relative contraindications to 
unipedicled TRAM flap reconstruction, significant necrosis 
of the flap can occur owing to a technical error during the 
intraoperative harvesting injuring the superior epigastric ves-
sels as in the following case. This was an obese patient of 
52 years of age for whom unipedicled TRAM flap recon-
struction was chosen despite a BMI of 31 to correct a faulty 
immediate reconstruction with an expander (infection). The 
operation was marked by a spontaneous and complete tear of 
one of the two pedicles of the upper division epigastric ves-
sels before it entered the posterior face of the right rectus 
abdominis muscle. This occurred as a result of traction on 
the pedicle (which was attached to the rib cage) by the 
particularly heavy flap of this patient while it was being 
shifted upward. Microsurgical repair of the injured pedicle 
(artery and vein) was performed. Despite that, a necrosis 
occurred. Further surgery was done 48 h later to resect about 
25% of skin tissue developing necrosis (Fig.  52.2a), with 
good progress after 1 month (Fig. 52.2b), but fat melting was 
recorded later (Fig. 52.2c).

52.2.1.2  Moderate Flap Loss (Between 5% 
and 25% of the Flap)

This complication occurs more frequently, from 3% to 15% 
in published series [11, 12]. Early treatment is performed to 
save as much as of the flap as possible, and a later treatment 
is proposed to correct the sequelae of this necrosis. The 
ischemia causes a marbled appearance of the skin, and then 
an aspect of venous thrombosis, well-marked after 48 h, that 
will develop toward necrosis.

Further surgery is indicated on the second postoperative 
day when the limits of the cutaneous vein thrombosis are 
well marked and before thrombosis spreads to a larger por-
tion of the flap. It is generally found in patients whose blood 

Fig. 52.1 Total flap loss
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supply to the flap was overestimated intraoperatively, espe-
cially in its periphery and the side opposite the pedicle mus-
cle. In this case the removal of thrombosed tissue requires a 
complete remodeling of the flap, which is easy to perform on 
the second postoperative day before scar tissue fibrosis 
occurs as is shown in the case in Fig. 52.3.

It is better to intervene early rather than let necrosis evolve 
naturally, for several reasons:

• Early intervention saves more volume of the flap (before 
the necrosis spreads).

• Spontaneous evolution of the necrosis can last several 
months with important localized health treatment, which 
can lower the patient’s morale.

• In some cases there is a risk of infection of necrotic tissue 
that may extend to the whole flap.

• The final result with a retractile fibrosis and a defect 
located on the edge of the flap is more difficult to correct 
than one treated after an early intervention leaving the 
residual flap smoother.

The necessary correction in the long run is made using 
lipofilling (Fig. 52.4).

52.2.1.3  Minimal Skin Necrosis (Less than 5% 
of the Flap)

This does not require early new surgery. Its boundaries are 
difficult to assess in the first few days after surgery and can 

be treated by allowing the lesion to evolve spontaneously as 
postoperative care is then simple and can be done by the 
patient herself without too much trouble. It leaves a zone of 
residual underlying fat necrosis. It is often associated with a 
small skin necrosis of the abdominal scar, reflecting a gen-
eral vascular status of the patient that is not optimal.

52.2.2  Fat Necrosis

Fat necrosis is associated with skin necrosis but can also 
occur without evidence of skin necrosis. Its frequency ranges 
from 4% to 35% depending on the series [7, 13, 14]. It is 
troublesome if it is large and the cause of a large induration 
perceived by the patient. It can, as in the case shown in 
Fig. 52.5, be corrected by an excision followed by remodeling 
of the flap done in conjunction with the areolar reconstruction.

If the fat necrosis cannot be resected without distorting 
the reconstruction, or if it is minimal, it can be left in place 
and treated with a simple lipofilling.

52.2.3  The Parietal Complications

52.2.3.1  Mechanical
All types of complications can occur following a relaxation 
of the fascial suture in 4–29% of cases depending on the 
series [15–17].

a b c

Fig. 52.2 (a) Resection of thrombosed tissues after 48 h. (b) Result after 1 month. (c) Result after 1 year and fat melting

a b c

Fig. 52.3 (a, b) Images showing the thrombosed tissues after 48 h. (c) Removal of thrombosed tissues and complete remodeling of the flap.  
(d) Result 9 months later
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The most troublesome are the abdominal hernias, which 
can be localized in the epigastric region (transition zone of 
the flap) or below the umbilical region (area of weakness 
below the arcuate line). They should be treated as if they are 
symptomatic. The placement of a mesh by laparoscopy is the 
most elegant treatment (Fig. 52.6).

The commonest complication is weakness of the fascia in 
the infraumbilical region (laxity or bulge), which can be cor-

rected later, if the patient wishes, by a complete detachment 
of the wall followed by plication of the fascia (for re-tension) 
and the establishment of a reinforcing preaponeurotic mesh.

52.2.3.2  Infections
Infections of the flap are rare outside necrosis cases.

Acute and significant postoperative infections of the 
abdominal wall require removal of the prefascia mesh, 

a b

c d

Fig. 52.4 (a) Frontal view and (b) oblique view 3 months after TRAM and flap necrosis. (c) Frontal view and (d) oblique view after correction 
by four lipofillings, nipple-areola reconstruction, and reduction of the contralateral breast
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 followed by monitored wound healing and later cosmetic 
correction away from the abdominal scar (Fig. 52.7).

Infections of the abdominal wall in relation to a dehis-
cence abdominal scar after a deficit of blood supply to the 
lips are handled by local treatment without removal of the 
parietal prosthesis.

Some infections such as those occurring away from a 
hematoma or seroma of the abdominal wall can cause a 
chronic skin fistula problem. If the prosthesis located deep in 
the sheath of the right rectus abdominis muscle is affected by 
germs, superficial debridement of the wound, even combined 
with appropriate antibiotic therapy, is inadequate. The final 

a b

Fig. 52.5 (a) Removal of internal fat necrosis (10 × 2 × 1.5 cm), remodeling of the flap, and areola reconstruction 8 months after transverse rectus 
abdominis myocutaneous (TRAM) flap reconstruction. (b) Result 8 months later

a b

Fig. 52.6  (a) Laparoscopic view showing abdominal infraumbilical hernia 2 years after unipedicled TRAM flap reconstruction without preapo-
neurotic mesh. (b) Repair using intraperitoneal mesh

a b c d

Fig. 52.7  (a) Drainage of acute infection with anaerobic germs of the 
abdominal infraumbilical skin 8 days after TRAM flap reconstruction. 
(b) Removal of the infected tissues and the prefascia mesh 15 days after 

TRAM flap reconstruction. (c) Result 6 months later, after important 
localized health treatment. (d) Result 1 year later after correction of the 
scarring sequelae
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treatment of the infection requires removal of the underlying 
contaminated prosthesis, which can weaken the wall, with a 
risk of secondary eventration. The use of a dermal matrix 
prosthesis can be of great help to obtain proper healing and a 
solid wall in a septic environment.

52.3  Our Series

Two studies have been made, using a personal experience of 
over 680 cases of unipedicled TRAM flap reconstructions 
done as main surgeon.

We performed 192 unipedicled TRAM flap reconstruc-
tions in our unit between October 2003 and October 2009. 
The analysis was done from medical records (hospitaliza-
tion and outpatient) and also from questionnaires sent to 
patients (77% responded). At that time, we used the uni-
pedicled TRAM flap by taking of the contralateral right 
rectus abdominis muscle. Preparation by ligation of infe-
rior epigastric vessels is routinely performed at least 
3  months before the completion of the TRAM flap 
reconstruction.

In this series, the rate of specific complications was low. 
As shown in Table 52.1, there were six cases of flap necrosis 
(3%), of which three cases were necroses greater than 5% 
requiring further surgery: one for an intraoperative problem 
already described (Fig.  52.2) and two related to the 
overevaluation of the intraoperative vascularization of the 
flap, treated by removal of areas of necrosis at 48 h, with 
subsequent correction of asymmetry.

As shown in Table 52.2, there were nine cases of mechan-
ical complications of the wall (4.5%), of which six cases 
were bulges and three cases were abdominal hernia requiring 
further surgery by laparoscopy (1.5%).

Five infections of the abdominal wall, of which two of the 
more important required removal of the preaponeurotic 
mesh, had to be treated.

The loss of hemoglobin was on an average 2.5  g per 
100 ml (between the preoperative samples and those obtained 
on the third postoperative day). Four patients had to be trans-
fused, a rate of 2%.

This low rate of complications is explained by three 
factors:

 1. The careful selection of patients.
 2. The vascular preparation of the TRAM flap.
 3. The careful refection of the abdominal wall.

A second prospective study was carried out between 
November 2012 and June 2016 on 147 patients (Table 52.3), 
for whom a computed tomographic angiography was sys-
tematically done after preparation (either surgically in 33% 
of cases or through embolization in 66% of cases). Both 
types of preparation have shown the same results. The prepa-
ration through embolization was simpler to carry out because 
the procedure could be done in the radiology department, as 
an outpatient.

A checkup by computed tomographic angiography was 
systematically done after a minimum delay of 2 weeks. This 
procedure permitted to show great variations in the upper 
epigastric revascularization, which couldn’t have been shown 
otherwise (Fig. 52.8).

In fact, the angioCT before preparation usually only visu-
alizes the lower epigastric vessels. The one after preparation 
reveals the upper epigastric vascularization. This one may be 
really different depending on cases, and when a pedicle is 
deficient, it must not be used, in order to avoid a very high 
necrosis risk (Fig. 52.9).

As shown in Table 52.3, we observe an important asym-
metry, with a poor vascularization on one side in 15 cases 
and a poor revascularization on both sides in 11 cases. The 
side of the harvest muscle, homolateral (in 43% of cases) or 
contralateral side (in 56% of cases), was chosen according to 
the data collected by the angioCT. Six patients showing a 
really poor resumption of the upper epigastric vasculariza-
tion were contraindicated. This procedure enabled to improve 
the vascular safety of the flap. The rate of cutaneous necrosis 
went down to 1.4% (2 cases over 138 TRAM), and the rate 
of fat necrosis went down to 13% (18 cases over 138 TRAM).

52.3.1  Selection of Patients

Apart from the classic contraindications for TRAM flap 
reconstruction, three factors should be discussed on the basis 
of the risk of complications related to them.

Table 52.1 Cases of necrosis observed (among 192 cases)

Flap loss >25% 1 case
Flap loss of 5–25% 2 cases
Flap loss <5% 3 cases
Fat necrosis <10% 17 cases

Table 52.2 Cases of mechanical complications observed (among  
192 cases)

Abdominal hernia 3 cases
Abdominal laxity 6 cases

Table 52.3 Prospective study with angioCT after preparation (among 
147 cases)

Preparation by surgery, 49 cases, and by embolization, 98 cases
Poor vascularization on both sides, 11 cases, and on one side, 15 cases
Side of the harvest of the muscle: 58 homolateral, 76 contralateral, 
and 2 bilateral
Necrosis: cutaneous, 2 cases, and fat, 19 cases
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52.3.1.1  Age
The average patient age was 48 years. In younger patients, 
the pedicled TRAM flap reconstruction is ruled out when the 
patient desires to become pregnant later [18]. For older 
patients, the theoretical upper age limit is set at 60 years but 
can be overturned on a case-by-case basis depending on the 
general condition of each patient. Our oldest patient (73 years 
old) had perfectly simple follow-ups.

52.3.1.2  Tobacco
We found early in our experience, and as reported through-
out the literature [19], that tobacco intoxication was a major 
risk factor for complications owing to a decrease in the 
arterial supply leading to necrosis of the flap and also more 
complications in terms of scar abdominoplasty. These 

necroses can then cause infections. Because of this we 
operate, and this is our strict condition, only on nonsmok-
ers or patients who stopped smoking at least 6  months 
before the TRAM flap reconstruction. In most cases this 
formal condition allows patients who want a TRAM flap 
reconstruction to be even more aware of the harmfulness of 
tobacco. Most quit smoking and are also grateful for doing 
so in the long run. If the patient will not stop smoking, we 
offer another method of reconstruction safer than a latissi-
mus dorsi flap.

52.3.1.3  Obesity
Obesity is also a complicating factor in the type of flap 
necrosis, mechanical complications in the abdominal wall, 
and infection [20].

a

c d

bFig. 52.8  Aspect of 
computed tomographic 
angiography. (a) AngioCT 
before preparation. (b) 
AngioCT after preparation 
only of left side. (c) AngioCT 
after preparation of both sides 
with a very good result. (d) 
AngioCT after preparation of 
both sides with a very poor 
result
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a b

c d

Fig. 52.9  TRAM contraindications with respect to computed tomo-
graphic angiography. (a) Of both sides: lack of good bilateral recovery 
of the superior epigastric arteries after preparation. (b) Of one side: lack 

of unilateral recovery of the superior epigastric vessels.  
(c) Another case with unilateral lack of the recovery of the superior 
epigastric vessels. (d) Revascularization through an intercostal artery
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Obesity in itself is a risk factor for vascular complica-
tions. Too great a thickness of the flap results in a lower skin 
vascularization with an increased risk of necrosis after sur-
gery. It is also often associated with metabolic risk of poor 
vascularization (high cholesterol level, diabetes, etc.), pro-
moting arthritis, thus further increasing the risk of necrosis. 
Obesity also increases the mechanical complications favor-
ing an abdominal hernia or laxity.

For these different reasons, we do not perform TRAM 
flap interventions in patients with a BMI higher than 30. By 
properly explaining these risks, and also with the help of a 
dietician, we can in most cases help these patients to lose 
weight to get to a BMI under 30. In our series, the average 
BMI was 24, with a range from 20 to 31.

52.3.2  Vascular Preparation (Delayed TRAM 
Flap Reconstruction)

Early in our experience, we observed, as have others [21], 
unexplained flap necrosis occurring without any risk factor. 
Following the first publications on delayed TRAM flap 
reconstruction [22, 23], and researching a method to make 
the results less random, we gradually began a vascular 
preparation in our patients. Faced with the obvious clinical 
improvement of the vascularization of the flap, this 
preparation has become a routine and was performed in the 
same way in all patients in the series studied. The goal is to 
improve the blood supply of the future flap, in particular in 
segments III and IV opposed to the pedicle muscle as in the 
classification of Ninkovic [24], segment II being adjacent to 
outer segment I, which remains the part of flap best 
vascularized, in front of the preserved pedicle muscle.

Until the end of June 2012, the procedure was done bilat-
erally with the patient under general anesthesia. The tech-
nique is the same on both sides. After an incision in the 
lateropubian fold, leaving a very discreet scar, the superficial 
inferior epigastric vessels which vascularize some of 
segments II and IV of the flap are reached at their origin and 
are cut between ligatures. These vessels are inconstant 
(especially the artery), but they are easily found, when they 
exist, at the bottom or at the external part of the incision. We 
then open the aponeurosis of the external abdominal oblique 
muscle in the direction of its fibers at the external inguinal 
ring. The internal inguinal ring is reached, and the deep 
inferior epigastric vessels, found after a short incision in the 
fascia transversalis, are linked (the vein is always present 
lower and below the artery).

A minimum period of 3 months is required before doing 
the TRAM flap reconstruction, giving time for a good healing 

of the preparation before the TRAM.  This intervention 
occurred at the same time as a total mastectomy in 19% of 
cases and a contralateral reduction plasty in 15% of cases, 
thus avoiding an additional procedure.

Since 2012, we offer the patients the possibility to do this 
preparation through embolization. This procedure is done 
under local anesthesia, as an outpatient, and is very well 
accepted by our patients, and today most of our preparations 
are done this way. The angioCT is made after a minimum 
delay of 15 days. This enabled us to reduce the delay between 
preparation and TRAM and to offer more immediate 
reconstructions with TRAM.

52.3.3  Wall Repair

This has to be meticulous. The fascia of the rectus abdom-
inis muscle is preserved as much as possible to reduce 
sidewall tension, which explains much of the postopera-
tive pain. We leave a strip of 5 mm in the region above the 
umbilicus in the middle of the right rectus abdominis 
muscle, which is removed in its entirety. In the infraum-
bilical region, the quality of perforating vessels is evalu-
ated beforehand with an angioCT, as well as during the 
initial dissection of the flap, which is done down to the 
centerline on the opposite side to the removed muscle. If 
these perforating vessels are numerous and consistent, 
especially the perforating vessels of the periumbilical and 
central region, the perforating vessels of the outermost 
side of the sample can be linked, thus preserving more 
fascia. Otherwise these vessels must be maintained, 
resulting in a higher secondary tension of the fascia in the 
subumbilical fascia.

A flexible polyester mesh, Parietex, is always anchored 
in the sheath of the rectus abdominis muscle to improve the 
wall tension in a longitudinal direction (to facilitate subse-
quent movements of flexion of the torso). The fascia of the 
rectus abdominis muscle is then sutured with slowly 
absorbable thread. Plication of the contralateral wall is per-
formed to improve symmetry of the wall and bring the 
umbilicus in a more central position. Depending on the 
strength of the fascial suture (variable from one patient to 
another depending on the quality of tissue and the size of 
the sample taken from the fascial flap), a second mesh can 
be put in place in the prefascia to reduce the risk of hernia 
and later bulge. In our series, this was necessary in 59% of 
cases, and among those the mesh was placed over the entire 
surface of the wall in 78% of cases, only in the epigastric 
region in 19% of cases, and only in the infraumbilical 
region in 3% of cases.
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52.4  Discussion

52.4.1  Delayed TRAM Flap Reconstruction

The effectiveness of the preparation is a matter of discussion. 
It is criticized because it involves a supplemental intervention 
and can cause local complications, making reconstruction 
more complicated later. For some it is remarkably effective 
to obtain a quality of vascularization of the flap similar to 
that of a free TRAM flap [25].

In our series, preparation has reduced our rate of partial 
necrosis of 8% before using this technique to 3% and later to 
1.4% since the preparation is followed by an angioCT. There 
is an excellent sign of the indirect contribution of the 
preparation, during surgery, i.e., the existence of an inferior 
epigastric pedicle pulsatility with the flow from the superior 
epigastric vessels, after section of the inferior epigastric 
pedicle.

Excepted through the mean of a prospective study, it is 
very difficult to demonstrate the value of preparation because 
the performance criteria are mainly clinical. However, such a 
study is hard to conduct when one is convinced of the 
efficiency of preparation, because, when one is sure, one 
does not want to penalize the patient for whom the preparation 
is not done because of the framework of a study. When a 
classic pedicled TRAM flap reconstruction is performed, 
there is very good blood supply to segment I, quite good 
blood supply to segment II, and adequate blood supply to 
segment III of the flap. After preparation, the blood supply of 
vascular segments I and II is very good, that of segment III is 
quite good, and that of segment IV is inconstant [26]. In our 
series the entire TRAM flap including segment IV of the 
TRAM flap has been or could have been (without that being 
necessary) kept partially or completely in about 20% of 
cases, which is particularly interesting, mainly in flaps of 
moderate volume, thus enabling to increase the indications 
of unipedicled TRAM flap. When the volume of the TRAM 
flap is not sufficient, complementary lipofilling can be 
proposed [27].

The advantage of the surgical method we use is its sim-
plicity for any surgeon, and there is minimal scarring, com-
pared with a direct inguinal incision. The remote location of 
the incision made, relative to the incision made at the future 
lower flap, avoids local complications, which are the cause 
of fibrous scars in the future flap and also increase the risk of 
postoperative wall infection. This is also why we have not 
opted for an associated skin delay like others have [28].

One disadvantage of delayed TRAM flap reconstruction 
is that it requires an additional intervention. This can be 
avoided by making the preparations at the same time as the 
mastectomy or at the same time as contralateral plastic breast 
surgery is performed. Given the delay of 3 months that we 
respect between preparation and reconstruction, it is not 

feasible in the case of immediate TRAM flap reconstruction 
except for a preventive mastectomy.

Some practice delayed TRAM flap reconstruction by a 
laparoscopic approach [29]. After trying this method, we 
have not adopted it, because research of inferior epigastric 
vessels has sometimes been difficult, with a bleeding risk, 
which may be responsible for specific complications and 
because this technique does not allow ligation of superficial 
inferior epigastric vessels.

The method with embolization, which we currently prac-
tice, benefits the patient as it is simpler and leaves no addi-
tional scar [30, 31]. Although the embolization only concerns 
the deep lower epigastric artery, our experience hasn’t shown 
any difference between the results of embolization and those 
of the surgical preparation that binds additionally the epigas-
tric deep vein and the superficial epigastric vessels.

52.4.2  Abdominal Wall

The TRAM flap, whatever the technique, can improve the 
aesthetic appearance of the abdomen. In our series, 75% of 
patients were satisfied with the cosmetic result of the abdomi-
noplasty with an improvement compared with their previous 
situation. The consequences of a unipedicled TRAM flap at 
the abdominal wall are both mechanical and functional.

The risk of mechanical complication in our series was 
small compared with the risk reported in the literature. This 
low rate of parietal complications can be partly explained by 
the relatively short time period studied and especially by the 
introduction of a mesh when the fascia closure is fragile. 
This is easily found during surgery where there is significant 
tension of the suture and where the sutures tend to tear the 
tissue. The disadvantage of this preaponeurotic mesh is the 
risk of compromising the treatment of a potential 
postoperative wall infection. In borderline cases, in front of a 
major abdominal skin tension with subsequent risk of 
dehiscence, or if poor vascularization of the skin of the 
abdomen is found, this risk must be taken into account by 
avoiding, if possible, putting in a preaponeurotic mesh.

Compared with the bipedicled TRAM flap, where use of 
preaponeurotic mesh is mandatory, the parietal consequences 
are much lower with the unipedicled TRAM flap [16]. The 
risk of eventration and functional consequences (going back 
to normal activity and residual discomfort) is much lower. 
The quality of the blood supply to the bipedicled TRAM 
flap, however, is better, which makes this technique more 
reliable for some, especially in borderline cases (patients 
who are moderate smokers, or obese patients, or 
reconstruction of a large volume). Because of the rigorous 
selection of patients and the preparation, the lack of blood 
supply was detrimental in our series in only three cases 
(1.5%) of partial necrosis of more than 5%, making 
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performing a bipedicled TRAM flap reconstruction 
unnecessary outside bilateral reconstructions.

Compared with the free TRAM flap reconstruction, prepa-
ration seems to result in the same level of vascularization. The 
risk of parietal complications is essentially the same after a 
unipedicled TRAM flap reconstruction [2]. The delayed 
TRAM flap reconstruction is a technique that is much simpler 
than microsurgery and can be performed by all surgeons. It 
seems to me preferable considering the duration of the inter-
vention and the risk of total failure with the free TRAM flap, 
given that preparation seems to ensure the same quality 
vascularization.

With DIEP and SIEA flaps, without taking the muscle, the 
risk of complete necrosis is higher than with the unipedicled 
TRAM flap, ranging from 2% to 7% depending on the 
experience of the surgeons and the centers where they work, 
whereas this risk is close to zero after unipedicled TRAM 
flap. Although for DIEP flap reconstruction the risk of partial 
necrosis seems to be the same as that after delayed TRAM 
flap reconstruction without angioCT, the risk of fat necrosis 
is higher in some series [12, 13]. And the risk of partial skin 
necrosis seems higher than after preparation and angioCT. In 
contrast, the functional consequences are clearly less 
important in the abdominal wall [5].

In our series the functional aspect has been studied 
through answers to the questionnaire:

• Resuming a professional life (if not physical work) 
occurred on average 2  months after the unipedicled 
TRAM flap reconstruction.

• Sports activities were resumed after 5 months for 70% of 
patients who exercised before surgery; most of the other 
30% had no athletic activity.

• Only two patients, i.e., 1%, later regretted having uniped-
icled TRAM flap reconstruction because of their inability 
to resume the active sports activities they had previously 
practiced.

• For 40% of patients, there were, however, some physical 
activities that were no longer feasible after the procedure.

• Residual discomfort was significant for 16% of patients. 
However, 95% of patients were satisfied or very satisfied 
with the reconstruction, thus putting the residual func-
tional discomfort in perspective.

52.5  Conclusion

If an adequate treatment is to be implemented before any 
complication of unipedicled TRAM flap reconstruction, the 
best treatment is prevention.

The skin or fat necrosis is the main complication. 
Preparation followed by an angioCT brings a lot of security 
to unipedicled TRAM flap reconstruction with a risk of 

partial skin necrosis brought down to 1.4% and a risk of fat 
necrosis brought down to y%. Under those conditions, the 
unipedicled TRAM after preparation and angioCT seems to 
us safer than DIEP, let alone SIEP.

The disadvantage of surgical preparation is that it requires 
an additional operation. It can be avoided by doing the 
surgical preparation in the same time as the mastectomy or 
jointly with an opposite breast plastic surgery that could be 
necessary. The preparation through embolization simplifies 
the procedure that can then be done under local anesthesia, 
leaving no scar. Its efficiency is equal to the one of surgical 
preparation.

Lipofilling is the ideal solution to later correct any sequels 
of necrosis. Although careful closure of the abdominal wall 
minimizes the risk of parietal complications after a pedicled 
TRAM flap reconstruction, the DIEP and SIEA flaps need to 
be offered preferentially to patients needing the integrity of 
the abdominal wall: as in young women who can become 
pregnant later, very athletic women, and those who must 
carry heavy loads in their professional activities. In this 
situation, it is best to refer the patient to a center experienced 
in using this technique regularly rather than one that uses it 
occasionally.

In summary, unipedicled TRAM flap reconstruction, after 
a rigorous selection of patients, routine vascular preparation 
followed by angioCT, and reconstruction of the wall proper 
are techniques within the reach of many oncoplastic surgeons 
and are very reliable and suitable for most patients seeking 
breast reconstruction by means of a TRAM flap.
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Treatment and Care of the Scars 
in Breast Reconstruction

Christina Garusi and Visnu Lohsiriwat

53.1  Introduction

Immediate breast reconstruction or oncoplastic technique 
has been widely performed as an integral step in breast can-
cer surgery [1, 2]. The contralateral breast can be operated 
for symmetrical procedure or an exploration step for tissue 
diagnosis [3]. Besides the general consideration and man-
agement of scar tissue, breast cancer surgery-related scar 
also particularly depends on location of scar (breast or donor 
site of autologous tissue), timing of scar (immediate or 
delay), adjuvant therapy given to individual cancer patient 
(e.g. radiation and chemotherapy) and cancer prognosis. In 
this chapter, we would like to discuss the specific character-
istic and problem of each scar. We mainly categorized scar 
with regard to its location of primary incision.

53.2  Location

53.2.1  Breast

Breast-related scars included both ipsilateral and contra-
lateral breast surgery. The reason is that the contralateral 
scar pattern can also be categorized the same as the ipsilat-
eral one. The incisions which frequently relate to breast 
conservative treatment (BCT) or total mastectomy can be 
divided.

53.2.1.1  Breast Conservative Treatment

• Without Oncoplastic Technique
 This refers to incision which uses in general tumorec-

tomy, lumpectomy or wide excision. It usually lies corre-
sponding to the location and quadrant of primary tumour. 
The overlying skin may or may not be removed depend-
ing on the distance of the tumour to the skin and the tech-
nique of the surgeon. The incision can be radial, 
curvilinear or circumareolar incision. The incision should 
be place with respect to the aesthetic unit of the breast [4].

• With Oncoplastic Technique
 Incision for BCT with oncoplastic procedure usually 

resembles to those of mastopexy or breast reduction pro-
cedure. The most common use incisions are periareolar 
incision, vertical incision and inverted T incision.

 Management of these scars usually has an effect from radia-
tion therapy which is almost always integrated in 
BCT. However, radiation probably plays a positive role for 
scar remodelling and formation [5]. Despite resulting in 
more scars from oncoplastic technique, it makes more sym-
metry and better aesthetic result to the patient. Moreover if 
the incision for oncoplastic is well planned, it can be hidden 
in the less visible area. Another special consideration of scar 
management for BCT is when the scar develops contrac-
ture. It may lead to nipple malposition and unpleasant con-
figuration of the entire preserved breast. Especially the 
contracture occurs from the scar tissue in the breast itself.

53.2.1.2  Total Mastectomy

• Skin-Sparing Mastectomy (SSM)
• The incisions usually performed for SSM are elliptical 

incision, racquet incision or circumareolar incision. The 
breast mould is the immediate reconstruction by expander 
prosthesis or autogenous base. Scar from SSM can be 
revised during the secondary procedure of nipple areolar 
complex (NAC) reconstruction.
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• Nipple-Sparing Mastectomy (NSM)
 The incisions which are recommended by the author’s 

institute are supero-lateral radial incision, infero-lateral 
radial incision, superior circumareolar incision and peri-
areolar incisions [6]. Regardless of the incision type, the 
unique concern of this procedure is the location of the 
NAC.  Scar from radial incision can displace the NAC 
position towards the vector of scar contracture.

• Scar After Conventional Mastectomy or Delay 
Mastectomy Scar

 The scar from this category tends to have least aesthetic 
outcome. The scar usually attaches to the chest wall and 
lacks adjacent healthy skin and subcutaneous tissue, espe-
cially after external radiotherapy.

53.2.1.3  NAC Area
We should pay special attention to the scar in NAC area 
because it can affect the final outcome of the reconstruction. 
The scar in this area may distort the disc-shaped areolar and 
nipple projection.

53.2.2  Scar of Autologous Donor Site

In this chapter we would like to mention the scar in other 
locations other than the breast because these are common 
donor site for breast reconstruction.

53.2.2.1  From Abdominal Flap
Scar in this area is intended to cover under the bikini lines. 
The scar here is relatively long and may have the possible 
unpleasant appearance from abdominal bulging or poor 
umbilical reconstruction technique.

53.2.2.2  From Latissimus Dorsi Flap
Even scar in this area is hidden behind the back, but it prob-
ably causes impaired shoulder movement. If possible, the 
scar in this area should be designed in transverse plane and 
possible to hide under brassiere coverage [7].

53.2.2.3  Others
Gluteal flap and gracilis flap are also indicated in breast 
reconstruction. The scar from gracilis flap is located in the 
hidden area. But the scar in this area can cause disfiguration 
of the genital labia and upper thigh. Gluteal flap scar compli-
cation can also cause a postural discomfort in sitting or lying 
position, and the incision should be initially placed in gluteal 
crease.

53.3  Method of Scar Improvement

53.3.1  Surgery

Surgical treatments offered to the patient include scar revi-
sion, partial excision or wide excision. Sometimes the scar 
revision procedure can be done simultaneously with other 
refining procedures such as prosthesis substitution, NAC 
reconstruction or lipofilling. There is an option to combine 
the surgery with other methods such as corticosteroid injec-
tion, silicone gel sheet application or pressure compression in 
postoperative course as well.

53.3.2  Corticosteroid Injection

Injection of corticosteroid can be performed in any part of 
the breast and donor sites. The result is quite promising but 
may require several injections. In case of over-injection, 
the scar may turn to scar hypotrophy and cause difficult 
sequelae such as telangiectasias or depigmentation. The 
drawback of this method includes systemic effect from ste-
roid especially when it relates to the menstruation and hor-
monal status. There are clinical trials of topical steroid 
cream, but the absorption is limited, and the efficacy is not 
comparable as in intralesional injection (Figs. 53.1, 53.2, 
53.3, and 53.4).

Fig. 53.1 Preoperative view of the patient before inferior right breast 
quadrantectomy, intraoperative RT (IORT) + bilateral reshaping
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53.3.3  Silicone Gel Sheet

Applying silicone gel sheet is the simple method and pre-
ferred by some patients. It can be applied in the area 
wherein it is difficult to do pressure compression therapy 
such as the breast, abdomen and back. However, it takes a 
long time to achieve the goal and mostly to prevent the scar, 
so it may not satisfy all patients’ expectation. There were 
trials to compare the formula of various types of the sili-
cone sheet and also formulation of silicone oil gel; how-
ever, these trials had limited evidence and were too weak to 
draw the conclusion.

53.3.4  Pressure Compression

It has been used for scar treatment for decades; however, one 
of the limitations is how to maintain the constant optimum 
pressure on the treatment site. Pressure garment or medical 
kit is mostly preferable for burn and scar contracture patient, 
but it is rarely recommended in breast cancer surgical scar 
patient.

53.3.5  Other Techniques

There are other several methods for scar treatment and pre-
ventions, for example, radiation therapy, laser abrasion, 
cryotherapy, 5-fluorouracil injection, administration of 
antitumor or immunosuppressive agent, etc. [8, 9]. However, 
the need for machine or instrument, the possibility of 
interfering adjuvant cancer treatment and the surgeons’ 
preference make these latter methods less popular in our 
institute.

53.4  IEO Experience

Hypertrophic scar has been treated surgically followed by 
brachytherapy according to two different techniques.

A total group of 51 patients have been included in the 
database with breast scar, and in the first period, LDR (with 
isolation of the patient) was used in 31 patients, while 
recently a group of 20 patients have been treated with HRD 
(on DH bases without isolation).

Recurrence rate were 8 (15.7%) with global aesthetic 
result considered good in 58% of the cases (Figs. 53.5 and 
53.6).

Fig. 53.2 Result at 7 months after the surgery with bilateral hypertro-
phic scars

Fig. 53.3 Result at 2 years after three sessions of cortisone intrale-
sional injections

Fig. 53.4 Final result at 4 years
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53.5  Conclusion and Future Trends

In conclusion, several methods even single or combination 
can be used for scar treatment and prevention. The position 
and risk of scar development should be planned ahead of 
making the choice of incision. Biology of cancer and the 
postoperative adjuvant related to breast cancer treatment are 
obligated to be considered when offering scar management. 
In the future, genetic therapy and tissue engineering may 
play roles in primary scar management, treatment and pre-

vention, which may lead the clinician and patient to achieve 
maximum satisfactions.
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Fat Grafting in Breast Reconstruction

Mario Rietjens, Visnu Lohsiriwat, Cicero Urban, 
and Andrea Manconi

54.1  Introduction

Lipofilling is an autologous technique used in breast recon-
struction. It is also known as “fat transfer,” “lipotransfer,” 
“fat injection,” or “fat transplantation,” as well as many other 
terminologies. The procedure consists of two major steps 
which are liposuction and lipoinjection of the patient’s own 
fat tissue and other tissue elements, either with or without 
specific preparation processes before lipoinjection. It is con-
sidered as a minimally invasive procedure which can be 
effectively performed under local or general anesthesia.

This technique was initially introduced for aesthetic and 
scar correction purposes especially for the face and hands 
[1–6]. Recently, it has also been widely applied for breast 
indications including micromastia, postaugmentation defor-
mity, tuberous breast, Poland’s syndrome, postlumpectomy 
deformity, postmastectomy deformity, deficits caused by 
conservative treatment or reconstruction with implants and/
or flaps, damaged tissue from radiotherapy, and nipple recon-
struction augmentation [7].

Despite various indications related to breast reconstruc-
tion after breast cancer treatment, there are different strate-
gies of performing lipofilling procedures in different 

countries without international consensus [8]. Up to now, the 
literature provided evidence of only expert experience and 
clinical series trying to demonstrate the oncological safety 
and efficacy of lipofilling for the breast cancer patient [9–
12]. So, in this chapter it will be presented the technique, 
indications, and limits of this procedure.

54.2  Biology of the Lipoaspirated 
Specimen

The fat specimen when injected into the breast is not just a 
physical filler or framework but contains significant number 
of cells which can survive and function. Viable and dead adi-
pocytes, adipose-derived stromal cell (ASCs), vascular 
endothelial cells, fibroblasts, hematopoietic cells, blood 
cells, and other cells can be found in the lipoaspirated speci-
men [13, 14]. The laboratory research from the European 
Institute of Oncology in Milan also found that adipose tissue 
is a very rich reservoir of vascular progenitor cells. Current 
literature provides data on the endocrine, paracrine, and 
autocrine activities of the transplanted fat tissues. It is also 
interesting that in the future of medical bioengineering, stem 
cell culture and expansion may alter the composition and 
biology of the fat injection specimen. There is a specific 
chapter about stem cell biology in this book.

54.3  Fat Grafting and Oncological Concern

When lipofilling was introduced for scar correction and aes-
thetic indications, there was rarely a question of cancer risk 
or cancer incidence. On the other hand, the concern for onco-
logical safety becomes obviously important when perform-
ing lipofilling for the breast cancer patient. Theoretically, the 
“tumor-stroma interaction” can potentially induce cancer 
reappearance by “fueling” dormant breast cancer cells in the 
tumor bed. Previous experimental findings at the European 
Institute of Oncology in Milan also suggested that purified 
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progenitor cells from liposuction specimen can stimulate 
angiogenesis, cell growth, and metastasis in animal models. 
No study on the effects of lipotransfer on human cancer 
breast cells in vivo proved it [10].

In our clinical experience [8, 9, 11, 12], we demonstrated 
that there is no increased risk of local recurrence in the 
invasive breast cancer patient who is treated with lipofilling. 
However, we recommend close oncological follow-up in this 
particular group, especially in the carcinoma in situ patient. 
If abnormal clinical or radiological signs are detected during 
follow-up, prompt pathological examination is highly 
recommended. Until now, we propose surgeons who perform 
lipofilling to do a complete preoperative oncological 
examination and create a database registration of fat grafting 
patients. In Curitiba, at Our Lady of Grace Hospital Breast 
Unit, we routinely perform MRI before lipofilling in all the 
patients. There is a specific chapter about it in this book.

54.4  Surgical Technique

54.4.1  Donor Site

The procedure can be performed under local or general anes-
thesia, depending on the patient’s clinical condition and 
risks. Local anesthesia is our preference, while general 
anesthesia is recommended in cases of harvesting a large 
amount of fat tissue or combined multiple procedures. The 
preferred donor sites are the abdomen and flank areas, outer 
thighs, buttocks, inner thighs, and knees. The donor site 
selection is based on excess fat tissue in the area and then an 
amount of fat that can be removed without aesthetic damage 
of the donor site. The selected donor site is infiltrated with 
Klein’s solution which consists of 1 cc of epinephrine diluted 
in 500  cc of 0.001% lactate ringer solution (LRS). 
Mepivacaine 2% is added in the solution if lipofilling under 
local anesthesia is indicated (Fig. 54.1).

The amount of solution injected is double the volume of 
pre-estimated fat tissue requirement. The whole procedure 
of fat harvesting and “lipofilling” is performed according 
to Coleman’s technique [15]. After the injection of the 
diluted solution, a two-hole, 3-mm diameter Coleman’s 
cannula with a blunt tip attached to a 10-cc Luer-Lock 
syringe is inserted through the small incision. A combina-
tion of slight negative pressure and the curetting action of 
the cannula through the tissues allows fat harvesting [2] 
(Fig.  54.2). The method of liposuction with different 
machine models or manual syringe and different size and 
number of cannula holes is not proven to affect fat cell 
survival. However, the “nontraumatic” blunt cannula tech-
nique is preferred rather than a sharp cannula technique 
[16–19]. Other harvesting techniques such as water-
assisted liposuction or body-jet system [20], Cytori 
Therapeutics’ Celution System [21], and Adivive Lipokit 
system are also made available by many companies. There 
is an issue between open and closed system techniques, 
but there is no definitive conclusion in the differences of 
fat cell survival and clinical results in each group. At the 
end of the lipoaspiration procedure, the access site of the 
cannula is sutured with fine absorbable material, and a 
pressure dressing is applied.

54.4.2  Fat Processing Techniques

There are different methods to process and purify the fat 
before grafting. The choice depends on several factors such 
as surgeon’s preference, costs, higher concentration of 
adipocyte-derived stems cells, volume requirement, and 
injection. Different techniques can be used:

 1. No preparation—This no-touch technique allows surgeons 
to inject the lipoaspirate fat to the recipient site without any 

Fig. 54.1 Infiltrating the donor site with Klein solution

Fig. 54.2 Harvesting the fat tissue with a Coleman cannula
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preparation [22]. The advantages are that the specimen 
remains in a closed system and allows shorter operative 
time compared to other techniques. However, it is suitable 
only when performing lipoinjection for small volume 
requirements, for example, a few cubic centimeters, to make 
a reconstructed nipple projection or a small linear scar cor-
rection. The disadvantage is the increase risk of calcification 
and cyst formation, because the oil is not eliminated.

 2. Mechanical preparation (centrifugation, decantation, or 
washing technique)—The purpose of this technique is to 
remove the cell debris, serum, tumescence solution, and 
oily component from the adipocytes and its derivative 
cells. Centrifugation is the current technique currently 
used by the authors [11, 12]. In our setting, the fat is 
centrifuged at 3000 rpm for 3 min until the oily and fluid 
parts are separated from adipose tissue (Fig. 54.3). The 
speed and duration of the centrifugation have no effect on 
adipocyte survival, but higher force seems to bebetter to 
clean off oil and cell debris than lower centrifugal forces 
as was demonstrated by some authors [23]. Other authors 

have preferred lower speeds and duration to avoid adipo-
cyte damage [24] (Figs. 54.4 and 54.5). After removal of 
the top (oily) layer and the bottom (fluid) layer, the mid-
dle (cellular) layer which contains the adipocyte, endo-
thelial cells, and mesenchymal stem cells is immediately 
transferred to a 1-cc Luer-Lock syringe and prepared for 
injection [11, 12, 25].

 3. Other methods of preparation (enzymatical and biological 
preparation)—Some scientists try to enhance the fat graft 
survival with beta-fibroblast growth factor [26]. Some sur-
geons divide the lipoaspirate specimen in half and prepare 
each half separately before putting them together and per-
forming lipoinjection. An example of this technique is 
called cell-assisted lipotransfer (CAL). This process 
increases adipose-derived stromal cells (ASCs) before fat 
injection [27, 28]. Cytori Therapeutics’ Celution System 
also prepares the fat by separation of two equal parts of 
lipoaspirate specimen before mixing them together [21].

Fig. 54.3 Medical device for fat centrifugation Fig. 54.4 Specimen before centrifugation
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54.4.3  Recipient Site

The recipient site is prepared by preoperative marking and 
estimating the area which is required for lipoinjection. A 
proper local anesthetic agent is injected around the defect 
prior to the purified fat injection if the procedure is carried 
out under local anesthesia. Prepared cellular component is 
then injected into the defect area through a blunt Coleman’s 
cannula. Retrograde injection with thin-layer, multiple- 
tunnel, and fan or cylindrical shape technique is performed 
(Fig. 54.6). We avoid placing the fat as an excessive deposit, 
which may result in liponecrosis and graft loss. We judge the 
amount of fat needed to be grafted in each individual case 
based on the tissue quality and shape and size of the defect. 
If the anatomical site allows, we try to avoid intraparenchymal 
injection. In the case of tight fibrosis from a surgical scar or 
irradiated tissue, a sharp needle is inserted to break up the 
fibrotic scar and create a space for lipoinjection (Fig. 54.7). 
In general, we overcorrect the volume deficit by approximately 
30–40% depending on the reconstructive indication and 
recipient site tissue quality. After finishing the injection, the 
entrance site of the injection cannula is sutured in a 
conventional fashion.

Some authors have proposed the use of an external 
 suction machine on the donor site to produce subcutaneous 
tissue expansion and allow for a larger volume of fat that 
can be harvested and injected. This machine (the Brava 

Fig. 54.5 Specimen after centrifugation

Fig. 54.6 Fat injection in the recipient site

Fig. 54.7 A sharp needle is used to release fibrotic scars
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system) is not comfortable for patients and needs to be 
used during the night 1 month before and after the proce-
dure [29].

54.5  Indications

54.5.1  Defects After Breast-Conserving 
Surgery

A patient with BCT usually receives conventional radiother-
apy and therefore leads to difficulty in selecting a reconstruc-
tive procedure. However, lipofilling offers a simple and 
reliable method which does not increase the complication 
rates in the BCT patient.

• Immediate reconstruction after BCT—Lipofilling can be 
used for reshaping of the breast immediately after 
conservative surgery as a sole procedure or in combination 
with other oncoplastic procedures. A good indication 
would be in the case of a small breast and an upper 
quadrant tumor. A quadrantectomy can be performed, and 
the defect can be closed with glandular sutures. The defect 
created by these sutures can be repaired by fat grafting in 
the subcutaneous space [30]. Circumcavity injection is 
recommended, and intracavity injection should be 
avoided.

• Delayed reconstruction after BCT—This is one of the 
main indications for lipofilling in practice. It is possible to 
correct the defects and also increase the skin quality after 
radiotherapy damage. Depending on the defect dimen-
sions, the correction can be done with one or more ses-
sions. The procedure can be performed under local 
anesthesia in case of a monolateral procedure and under 
general anesthesia in cases that need a contralateral proce-
dure, as a reduction mammaplasty (Figs. 54.8 and 54.9).

54.5.2  Defects After Mastectomy

Lipofilling is actually one of the main techniques in breast 
reconstruction after mastectomy, and it is indicated in the 
following situations:

• Immediate breast reconstruction: Lipofilling in immedi-
ate reconstruction is very difficult due to the lack of a sur-
gical plane for fat implantation. In special cases with a 
small breast and huge flank lipodystrophy, an implant can 
be positioned at the same time as the mastectomy. After 
complete expansion, the reconstructive steps start with 
deflation of the expander and fat grafting to twice the vol-

ume deflated. After two or three fat grafting sessions, the 
expander can be removed and the nipple and areola recon-
structed to achieve the final result without implant 
(Figs. 54.10, 54.11, and 54.12).

• Secondary total breast reconstruction using lipofilling as pri-
mary reconstructive procedure: This is still an early proce-
dure done in a few surgical centers and usually performed 
with pre-expansion or vacuum systems [29, 31–33]. It allows 

Fig. 54.8 Patient with huge asymmetry after right breast conservative 
surgery and radiotherapy

Fig. 54.9 Postoperative view after 250 cm3 of fat grafting in the right 
side and left reduction mammaplasty
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delayed total breast reconstruction with autologous fat tis-
sue; however, the procedure can rarely be completed in a 
single stage. It is also difficult to obtain a good skin envelope, 
definition of the inframammary fold, and breast mound.

• Secondary defect corrections after breast reconstruction 
with implants or autologous flaps: Lipofilling can be 
used to correct upper breast fullness in cases of anatomi-
cal implant defect or also correct the lower pole fullness 
(Figs. 54.13 and 54.14). It can also be used for second-
ary defects of reconstructions done with autologous flap 
procedures [34]. When an autologous flap reconstruc-
tion develops early or delayed complications such as 
partial flap necrosis or delayed flap atrophy, especially 
for extended latissimus flap reconstructions, lipofilling 
can replace volume deficit without requiring flap or 
microvascular procedures (Figs.  54.15, 54.16, 54.17, 
and 54.18).

Fig. 54.10 Preoperative view before mastectomy and immediate 
breast reconstruction with a tissue expander

Fig. 54.11 Preoperative view before 280 cm3 of fat grafting and deflat-
ing the expander

Fig. 54.12 Postoperative view after expander removal and a second 
session of 250 cm3 of fat grafting without any implant

Fig. 54.13 Upper breast fullness after immediate left breast recon-
struction with an anatomical implant
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54.5.3  Unusual Indications

• Rippling correction—To correct visible rippling after 
implant-based reconstruction (Figs. 54.19 and 54.20).

• Capsular contracture—Fat grafting around the implant 
and especially around the capsule can correct a visible 

Fig. 54.14 Postoperative view after 80 cm3 of fat grafting in the upper 
pole of the left breast

Fig. 54.15 Upper outer defect after delayed reconstruction with a 
monopedicled transverse rectus abdominis myocutaneous flap

Fig. 54.16 Cosmetic results 6 months after lipofilling

Fig. 54.17 Cosmetic results 6 months after immediate right breast 
reconstruction with a latissimus dorsi flap plus an implant and 
prophylactic mastectomy of the left breast and immediate breast 
reconstruction with a definitive implant. A bilateral upper outer 
lipofilling was performed with the inner thighs as the donor site
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rippling appearance by increasing the thickness of the 
capsular wall. Moreover, the effect of ASCs in the cellular 
component of the lipoinjection may cause biological tis-
sue remodeling of the cellular structure in the contracted 
capsule (Figs. 54.21 and 54.22).

• Nonspecific pain therapy—There is still no clear explana-
tion for this mechanism of action. Adipose tissue is a rich 
source of various types of progenitor, endothelial, and 
mesenchymal stem cells. Some of them have angiogenic 
potential which may resolve the nonspecific pain 
pathway.

• Improvement of irradiated local tissue damage (including 
post-radiotherapy ulcer)—The cellular component in the 
lipofilling specimen has angiogenic potential and is able 
to generate new stromal and cellular matrix which bene-
fits the chronic wound healing process and irradiated 
tissue.

Fig. 54.18 Final cosmetic results after 6 months

Fig. 54.19 Upper pole rippling after immediate left breast reconstruc-
tion with ab implant

Fig. 54.20 Cosmetic results at 6 months after injection of 50 cm3 of fat 
in the upper pole of the left breast

Fig. 54.21 Patient with Baker IV capsula contracture after mastec-
tomy and immediate breast reconstruction with a definitive implant

Fig. 54.22 Cosmetic result after four sessions of left breast lipofilling
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• Contralateral symmetrical procedure—Lipofilling can 
also be used on the contralateral side to produce symme-
try either immediately with the oncological procedure or 
later after reconstruction.

54.6  Complications and Sequelae

54.6.1  Immediate Complications

Immediate complications include seroma, hematoma, cellu-
litis, abscess, and liponecrosis. In a previous published data 
from the European Institute of Oncology in Milan, we 
reported a range of 2.8–3.6% rate of complication [11, 12]. 
Types of oncologic resection, types of reconstruction, and 
types of radiation do not affect the occurrence of immediate 
complications.

54.6.2  Late Complications

Late complications include fat reabsorption, scar retraction, 
and donor site deformity. Donor site deformity can be 
avoided by the selection of the proper donor sites, obtaining 
the optimum volume of lipoaspiration, and avoiding 
superficial planes of lipoaspiration. Fat reabsorption is an 
expected sequela after lipoinjection and is estimated at 
30–60% in the first year [35]. However, a stable result may 
start to be observed at 6  months. The reabsorption also 
depends on the technique of injection, recipient tissue 
quality, volume of injection, and methods of preparation. We 
prefer to perform more than one session of lipofilling in case 
of large volume defects.

54.7  Conclusions

Lipofilling has been attracting the interest of many surgeons 
who want to improve aesthetic results after breast cancer treat-
ment. It has a low rate of complications, and there are many 
series proving its safety [36]. Especially in the tissue engineer-
ing era, adipose tissue is being experimented upon and utilized 
by many scientists and companies worldwide. Some novel 
products and machines may need approval and well-done clin-
ical studies before being accepted in surgical practice.
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Nipple-Areola Complex Reconstruction

Francesca De Lorenzi, Benedetta Barbieri, 
and V. Lohsiriwat

55.1  Introduction

The reconstruction of the nipple-areola complex (NAC) is an 
integral part of breast cancer treatment after mastectomy or 
central quadrants, transforming the reconstructed mound 
into a breast. The final result becomes pleasing and natural. 
NAC reconstruction has a positive psychological impact on 
breast cancer patient; it may cover part of the mastectomy 
scar [1]. However, not all women desire to complete the 
reconstruction, and generally older patients do not.

55.2  When to Perform the NAC 
Reconstruction?

NAC reconstruction is generally planned at least 3–6 months 
after breast reconstruction either with definitive implants or 
flaps or after the contralateral symmetry procedure (if not 
performed simultaneously with the reconstruction). In fact, it 
should be delayed after breast reconstruction settled down to 
its final shape and position. In the earlier period, it is probably 
not possible to determine the right position of the new areola, 
resulting in disturbing asymmetries.

55.3  Where Is the Position of NAC?

The planning of the new NAC should be performed with the 
patient in the upright position, being the opposite healthy 
breast used as a guide. Specific anatomical landmarks help to 
determine the proper position, such as the sternal notch, the 
midline, or the imaginary intersection line through the 
healthy nipple. The distance between the healthy spared are-
ola (if present, not in bilateral reconstructions) and the ster-
nal notch, inframammary fold, and midline can be measured 
to reproduce the ideal position on the reconstructed mound. 
More often, the new areola simply looks right, depending on 
the so-called a glance visual. Proper appearance takes prece-
dence over measurements, which can merely confirm the 
accuracy of the visual positioning.

Other advises regard the distance between the two nip-
ples, which is maintained between 18 and 22 cm on average, 
therefore avoiding unaesthetic medial areola position. 
Moreover, the NAC should be positioned on the maximum 
projection of the reconstructed breast.

55.4  How to Reconstruct the NAC?

Several surgical techniques have been described over the 
past 30 years for the reconstruction of the NAC. The new 
NAC tissue can be harvested from local or distant tissues. 
There is also a combination of different methods, and it can 
be even combined with alloplastic material or filler injection. 
Each of these methods has its own advantages and limita-
tions; most of them yield good results transiently, but in few 
cases nipple definition and projection are guaranteed with 
time. For these reasons no method has become the favorite. 
The decision between different methods depends both on the 
anatomical local conditions both on surgeon and patient’s 
preferences.

Schematically, we will consider separately the recon-
struction of the areola and nipple.
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55.4.1  The Reconstruction of the Areola

55.4.1.1  The Grafts
Skin grafts have been used for a long time as the method of 
choice before the introduction of “tattooing.” Currently the 
technique of tattooing is more popular than the traditional 
grafting.

Dermoepidermal full-thickness grafts could be harvested 
from the inguinal region, the retroauricular area, and the 
vulvar region according to the natural color of the healthy 
areola. The procedure consists of skin harvesting from donor 
area to the recipient one. The diameter and shape depend on 
the size and features of the contralateral areola. If the skin of 
the reconstructed breast is under tension, we have to consider 
that when performing de-epithelialization of the new areola, 
its diameter will increase in size of about 5–10% from the 
original areolar plan. It is due to the lack of its epidermis.

If the healthy areola is large enough, we can perform “are-
ola sharing” [2] with the concentric circle method, which 
involves removing a strip of the outer portion of the areola 
and transferring to the recipient site. This method results in 
symmetrical small areolas (Fig. 55.1). Generally, the areolar 
graft strip is quite thin and it must be placed in a spiral form.

Mostly the upper thigh is selected as a donor site. The 
graft from this region turns color to light brown when it 
cooperates into the recipient site. The grafts harvested from 
the major labia are more pigmented. In cases of pale pink 
color areola, it is better to harvest grafts from retroauricular 
region.

The disadvantages of this method include the donor site 
morbidity (infection, wound dehiscence, unpleasant scar, 
etc.) and the risk of partial/total necrosis of the graft. 
Clinically, there is a lack of nipple projection as the areolar 
area is completely flat.

More recently, the reconstruction of areolar projection 
using a purse-string suture has been described. Evenly 
spaced stab incisions are made in a circular pattern, 
approximately 5 mm outside of the boundary of the proposed 
areola. Using these incisions, a nonabsorbable purse-string 
suture is placed in the deep dermis. Finally, the diameter is 
cinched down to the desired measurement, providing areolar 
projection [3].

55.4.1.2  The Tattooing
The widening indication of this method is mainly due to the 
simplicity of procedure, the absence of donor site scar, and 
the availability of several colored pigments to have similar 
color of the natural areola [4–8].

The basic equipment needed for tattooing includes the tat-
too machine, generally running 10,000 rpm, sterile pigments, 
and the needles. We advise to use a needle assembly that uses 
nine points to accelerate the proper application of pigments. 
This extremity can be made sterile. By rotating the cap of the 

needle assembly, it can be regulated how deep the needles 
penetrate (Fig. 55.2).

Permanent and semipermanent sterile pigments are avail-
able; they can be mixed together to achieve the desired tone. 
The selected color is typically one or two shadows darker 
than the native areola because it tends to fade and discolor 
with time. The needles are dipped into the pigment and 
applied in a radial and circular pattern.

Postoperative care of tattooing includes a dressing with 
vaseline oil and gauzes. The patient may remove her dressing 
at 1 week/10 days and shower. She is instructed to remove 
the dressing carefully and not to peel off scabs because this 
will remove the tattoo pigment. Sunscreens are suggested for 
6 months after tattooing.

Dermabrasion before tattooing has been recently 
described to improve the quality of dermopigmentation 
while reducing its completion time [9]. Dermabrasion allows 
better penetration of the pigments inside the dermis and thus 
offers a more durable result over time and reduced operation 
time by reducing the number of passing of the machine 
tattoo.

Finally, three-dimensional nipple-areola tattooing has 
been proposed [10] creating a lighter inner circle with a dark 
border. This border is thickened inferiorly to have a shadow 
effect and mimicking nipple projection. Satisfactory result 
can be achieved with standard medical tattooing equipment; 
however, a professional tattoo artist with specialized 
equipment and ink can produce an outstanding result, 
including tattooing of Montgomery glands.

55.4.2  The Reconstruction of the Nipple

Different methods have been described for the reconstruc-
tion of the nipple, including the use of external prostheses, 
the simple tattooing, or surgical reconstruction. Nowadays 
the use of external prostheses is completely abandoned since 
glue adhesion problems and allergy have been described 
[11–13]. Tattooing alone gives no projection and therefore 
unsatisfactory results. The surgical reconstruction is 
definitely the most used and schematically involves the use 
of grafts or local flaps.

55.4.2.1  The Grafts
If the nipple of the contralateral breast is large enough, the 
method of choice is “nipple sharing” which transfer a part 
the opposite healthy nipple on the reconstructed breast. It is 
ideal in color and bulkiness, it can be employed satisfactory 
only when the native nipple is large in size. Sharing can be 
performed by “decapitation” (Fig. 55.3a). The decapitation 
method can also be performed with “starred resection” 
(Fig.  55.4a–f). Another possible method of harvesting the 
nipple is the “vertical bipartition,” especially indicated if the 
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A

A1 B

A1

Fig. 55.1 Areola grafting  
(a) with the technique of the 
concentric circle (a1), 
obtaining two equal-sized 
areolas (b and a1)
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Fig. 55.2 The needle 
assembly with nine points for 
tattooing

a

b

Fig. 55.3 Decapitation  
(a) and bifurcation (b) of the 
natural nipple and grafting on 
the reconstructed breast
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diameter of the nipple exceeds its height. In all cases the 
donor nipple is directly closed with a simple suture 
(Fig. 55.3b).

The perfect tissue matching with regard to color and tex-
ture between the two nipples is definitely the main advantage 
of nipple grafting [14–17]. On the contrary, the disadvantage 
includes the fact that any composite graft has an inherent risk 
of incomplete revascularization, which can lead to loss of tis-
sue and projection. The structural distortion and sensation of 
the nipple is also found as less frequent complications [18].

If patients are reluctant to disturb the healthy opposite 
nipple or the native nipple is not large enough, other possible 
donor sites of composite grafts are the toe pulp or auricular 
tissue [19–21]. In both areas, there is a skeletal part similar 
to the fibrofatty nipple tissue, but the color is much lighter. 
Even the skin graft from the minor labia has been used in the 
past but now completely abandoned due to the morbidity of 
the donor site and the very satisfactory result from the 
surgical reconstruction [22].

Cartilage graft is also harvested to obtain the projection of 
the nipple [23]. It can be positioned under a skin graft in the 
same surgical setting or afterward. However, the survival of 
the skin graft overlying cartilage cannot be secured and due 
to the ongoing skin graft contraction can gradually minimize 
the projection of the cartilage graft [24–26].

55.4.2.2  The Local Flaps
More frequently, the nipple is reconstructed with local flaps. 
Different techniques have been described, but for all of them, 
at least 50% loss of the nipple projection has been observed 
within 1 year after surgery. For this reason, the new nipple 

should be planned larger and more project than the expected 
endpoint [27–38].

The flattening of the reconstructed nipple is due to the 
lack of the natural anatomic infrastructure of the normal nip-
ple as well as the existence of centrifugal forces on the super-
ficial surfaces on the reconstructed eminence. Projection is 
also influenced by local tissue characteristic such as thick-
ness of the dermis and amount of local scarring. Those nip-
ples created over previous scar had minimal loss of projection, 
whereas those performed on an individual with a tightly 
expanded breast mound and a thin dermis lost the most 
projection.

Nipple reconstruction with local flaps depends on local 
availability of soft tissue to achieve nipples of desired size. 
Previous local scars (such as mastectomy or central quadrant 
scars) influence flap design and may interfere with flap 
vascularization.

The surgical techniques can be divided into two main 
groups: the “pull-up techniques” [39–41], based on deep 
dermal and adipose flaps, and the “traction techniques” [42–
44], based on local skin advancement flap.

Pull-up techniques based on a central subcutaneous core 
require a deep dermal and adipose tissue dissection. They 
produce an irreducible hernia of the central core local flaps. 
They are preferably applicable to autologous tissue breast 
reconstruction. For breast mounds with a thin subcutaneous 
layer, as commonly associated with the implanted breast, 
local flaps using a central subcutaneous core can have strong 
advocates. Evolution of these techniques includes the tripods 
and mushroom flap, the Maltese crosses, quadrapods, and 
H-flap.

a b

x

c

d e f

Fig. 55.4 Decapitation of the natural nipple as a starred resection (a, b), primarily closure of the donor area (c) and grafting in the receiving region 
(d, e, f)
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The double-opposing tabs, the bell flap and the star flap, 
belong to the “traction techniques” based on subdermal 
pedicled flaps.

The Quadrapod Flap
It is known as one of a central subcutaneous core pedicle 
techniques previously described by DiPirro and later 
modified by Little [45, 46]. After designing the position of 
the nipple and the diameter of the areola, four opposing skin 
flaps are dissected with the preservation of the central fat 
core (Fig. 55.5a–d). The radial length of the flap is according 
to the new nipple height projection. The dissection starts 
from the outer part toward the central core. The central fat 
core is then raised and covered by the four opposing flaps. 

However, the color of the new nipple is not matching the 
contralateral one, so secondary tattooing is needed and the 
surrounding areolar area must be grafted. Despite the prom-
ising immediate result, there is still a loss of projection later 
on.

The H-Flap
It has been described by Hallock as a cylindrical nipple 
reconstruction with the similar principle of central 
subcutaneous core pedicle technique [47]. The design is 
based on purpose to maintain the central core projection by 
wrapping with counteracting of cylindrical flaps. The flap is 
designed in the round diameter as the diameter of the areola. 
The lateral rectangular shape is designed as the “H” shape 

a b

c d

Fig. 55.5 (a–d) Schematic drawing of the quadrapod flap for nipple reconstruction
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(Fig. 55.6a–d). The width of each leg is according to the new 
nipple projection design, and the length of each side is 
matched to half circumference of the new nipple. If there is 
the scar present in the area, the flap can be designed in a 
different direction. The dissection is performed preserving 
subdermal vessels. However, the long-term result is still 
disappointing for scar contracture and the need of secondary 
nipple tattooing and grafting for areola reconstruction.

The Modified Star Flap
The modified star flap belongs to a second group of flaps, 
based on the subdermal plexus, and it is very frequently used 
[48]. Its evolution is the C-V flap and modifications [49, 50]. 
The flap can be based superiorly, laterally, or inferiorly as 
local scarring dictates, although a more natural projection and 
appearance to the patient are obtained by basing the flap supe-
riorly. The “wings” of the flap will determine nipple height 
(Fig. 55.7a–e). Their height should be bigger than the ulti-

mate desired height, allowing decrease in projection over 
time. The nipple flap is tattooed prior to flap elevation. The 
wings are raised containing dermis and subcutaneous fat, get-
ting thicker toward the base. The donor incisions are closed 
directly around the base of the nipple. The wings are wrapped 
together, being one wing placed at the base of the nipple and 
one partially overlapping. Afterward, the areola diameter is 
remarked and tattooed (Fig. 55.8). The most common prob-
lem is the variable loss of projection of the nipple over time.

The Modified “Arrow Flap” with Immediate Tattooing: 
Author’s Experiences [51, 52]
From the previous technique of Rubino et al. [52], we agree 
with the principles that nipple projection and volume are 
obtained by increasing the amount of dermis within the flap 
without enclosing any excess subcutaneous fat. The 
dissection of the flap can be performed effectively with the 
preservation of the dermal plexus. However the necessity of 

a b

c d

Fig. 55.6 (a–d) Schematic drawing of the H-flap for nipple reconstruction
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skin grafting is a drawback of the original technique. 
Therefore, we suggest the immediate tattooing simultane-
ously with the arrow flap procedure.

The flap can be designed in any position, superior-, infe-
rior-, lateral-, or medial-based, depending on the previous 
scar if existent. The width of the flap wing is matched to the 

new projection of the nipple. We recommend to design it 
wider because the final result of the flap will shrink down in 
6 months. Pre-tattooing is recommended before flap harvest-
ing. Finally, additional tattooing is required to adjust the 
shape of the areola to the contralateral healthy one. We expe-

a

b c

d e

Fig. 55.7 (a–e) Schematic drawing of the modified star flap for nipple reconstruction

Fig. 55.8 Early postoperative results of the nipple reconstructed with the modified star flap and tattooing
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rienced no increased local complication rate by combing the 
two procedures.

The advantages of pre-tattooing are the following:

• The reconstructed nipple has more similar pigmentation 
of the areola, and it is not lighter than the native nipple.

• Tattooing can be performed easier on a flat surface than 
on a projected nipple papule, resulting in a more uniform 
color.

• There are no more disadvantages related to donor site 
harvesting.

• No further second procedure is necessary.

55.5  Conclusion and Future Trends

In conclusion, there are many options and techniques for 
nipple and areola reconstruction. Each of these techniques 
has its own advantages and disadvantages. There is no one 
unique method available for every patient, but we have to 
individualize and discriminate for the most benefits in each 
patient. Meticulous surgical methodology should be strictly 
followed to achieve maximum aesthetical outcomes. In the 
future, there will be probably different types of tissues and 
materials available for NAC reconstruction. Tissue 
engineering, tissue banking, and genetic tissue culture which 
have already been tested in the animal laboratory may play 
roles in the future of NAC reconstruction [53].
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Revisions After Breast Reconstruction

Eduardo Gonzalez and Gastón Berman

Breast reconstruction (BR) is currently considered an inte-
gral part of breast cancer treatment. Various oncologic fac-
tors, such as tumor size and lymph node status as well as the 
type of sequelae in already operated patients, determine the 
approach that should be taken and the technique to be used 
after preparing a detailed report of the procedure and consid-
ering the patient’s preferences.

Women’s need to minimize the psychological impact of 
the potential physical change as a result of the disease and 
their willingness to maintain or improve their body image 
pose a challenge to surgeons. Quality of life is no longer con-
sidered a secondary endpoint; it is currently a key issue, and 
its variables can be measured through outcome assessment 
instruments such as BREAST-Q [1]. Regardless of the tech-
nique used (pediculated flaps, microsurgical flaps, expand-
ers/prostheses, or a combination of several techniques), 
many patients decide to undergo re-interventions to optimize 
the cosmetic outcomes through the refining of the techniques 
used. Lipofilling (LF) has a prominent role at this stage since 
it is a simple, hardly exhaustible technique, with low morbid-
ity and good esthetic results.

For different reasons, revision surgeries have recently 
been gaining popularity in breast reconstruction (BR). On 
the one hand, outcome expectations have changed over the 
years, and patients currently “demand” that the reconstructed 
breast or, actually, the general reconstruction outcomes be 
similar to those obtained in esthetic breast plastic surgery 
(augmentation, reduction, and mastopexy). At this point, we 
must mention the complex issue of “symmetry” and of pro-
ducing long-lasting stable results. As we know, there are cur-
rently several techniques available to optimize those results, 
but the utopia of perfection cannot be achieved, not even 
with the best surgeons. In order to balance these factors, sur-
geons should be very careful when giving information to 
patients and should not promise unrealistic results. This is 

important not only when primary breast construction is indi-
cated but also, and especially, in the case of a revision proce-
dure, where expectations, if not met, may cause 
disappointment as a result of a discrepancy between what 
was interpreted in the pre-surgery discussion and the final 
outcome [2].

On the other hand, we should define the concept of “revi-
sion surgery” (RS), for which there is not much agreement. 
In our experience, the term “revision” not only includes 
“correcting bad results” of treatments or sequelae of recon-
structive procedures secondary to other treatments (particu-
larly, radiotherapy) or changes in patients’ body structure 
(weight changes, skin elasticity differences between the 
reconstructed and the remaining breast, etc.). It also entails 
correcting outcomes of unsatisfactory primary procedures, 
resulting from choice of wrong technique due to either lack 
of knowledge or over-indication of a preferred procedure by 
the acting surgeon, bad execution due to lack of expertise or 
criterion, and/or as a result of complications.

The approaches and procedures to indicate in complica-
tions of surgeries using any of the known techniques that 
resulted in total loss of the reconstructed breast will not be 
included in this chapter. We consider those cases are not revi-
sion surgeries but actual secondary reconstructions with a 
higher level of complexity than primary procedures, which 
therefore need to be dealt with in another context.

According to our line of thought, we consider that there 
are different scenarios for surgical revisions after BR, which 
can be classified into three groups:

• Correction of conservative surgery sequelae with or with-
out previous oncoplastic surgery.

• Correction of defects after BR with expanders/
prostheses.

• Correction of defects after BR with autologous tissue.
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56.1  Correction of Conservative Surgery 
Sequelae with or Without Previous 
Oncoplastic Surgery

Breast-conserving surgery (BCS) is now considered a treat-
ment option for breast cancer patients after various studies 
showed equivalent long-term survival rates in comparison 
with mastectomy [3, 4]. Although it is the ideal technique to 
preserve body image, between 20 and 30% of the patients 
have an unsatisfactory cosmetic outcome, and in some cases, 
they have to resort to major surgery for correction [5]. 
Expertise in glandular modeling basic techniques and more 
complex oncoplastic techniques prevent most of these bad 
results, which adversely affect patients “qualify of life” [6].

The degree of sequelae after BCS varies considerably, 
ranging from volume asymmetry with conserved shape to 
severe shape alteration with displacement of the nipple- areolar 
complex, radiation-induced fibrosis, and skin retraction [7].

The type of RS chosen will depend on the degree of the 
deformity, the quality of breast skin, and the symmetry 
alteration.

Our classification of these sequelae and the approaches we 
took in these situations are addressed in detail in Chapter 19 
of this book.

56.2  Correction of Defects After Breast 
Reconstruction

Current trends in breast cancer treatment include an increased 
number of bilateral and risk-reducing mastectomies, skin 
and nipple-areolar complex conservation, and the extension 
of indications for radiotherapy [8].

Such extension has had a series of therapeutic implica-
tions in the decision-making process and the technical con-
siderations taken into account by surgeons.

In general, autologous tissue is better than implants in 
patients who have undergone post-mastectomy radiotherapy 
[9, 10]. It produces fewer complications and has a higher rate 
of satisfactory cosmetic outcomes in the long term.

However, innovation in implant quality, the use of acel-
lular dermal matrices (ADM) [11], and LF have enabled the 
optimization of the cosmetic results obtained with techniques 
using heterologous materials.

Although there is a growing number of professionals and 
teams trained in breast reconstruction, the abovementioned 
considerations show that there are general factors as well as 
surgeon-related technical factors which may cause the results 
not to be the expected ones, as shown in Tables 56.1 and 56.2.

It is important to know what to do in these cases. Revisions 
are usually a challenge for the reconstruction surgeon due to 
the tactical and technical difficulties faced to obtain an 

 excellent result in a single-stage procedure. Although the 
evaluation surgeons perform depends on the kind of cos-
metic expectations from each patient, it is always advisable 
to inform the patients about the complications that may 
appear, the hypotheses of solution, and the need in most 
cases for several reconstruction stages in order to optimize 
cosmesis.

Table 56.1 General factors that may result in poor outcomes and the 
need for revision surgeries

Factors Consequence
Choice of wrong surgical technique 
resulting from lack of experience or 
over-indication of a technique due to lack 
of knowledge of other techniques

Bad outcomes in 
relation to structure 
and symmetry

Underestimation of previous morbidity 
Obesity, smoking, diabetes, etc.

More complications 
and poor outcomes

Adjuvant treatments or recidivism 
Radiotherapy, chemotherapy

More complications 
and poor outcomes

Table 56.2 Surgeon-related individual factors which may result in 
poor outcomes and the need for revision surgeries

BR technique Factors
Common to all 
techniques

Error in clinical or anatomical evaluation and in 
the preoperative design and marking of the 
patient

Expanders/
prostheses 
(BR-EP)

Insufficient or excessive pocket dissection with 
wrong positioning of the implant. 
Mismanagement of capsulectomies or 
capsulotomies
Mismanagement of inframammary fold. 
Unnecessary disinsertion, incorrect height
Partial or complete mismanagement of muscular 
pocket or in the biological or synthetic mesh 
placement technique (Alloderm, Stratice, Seri, 
Vicryl, etc.)
Wrong choice of expander size and/or shape
Wrong choice of permanent prosthesis size and/
or shape
Incorrect evaluation of the reconstructured breast 
before closing. Failure to sit patient down to 
evaluate symmetry
Incorrect evaluation and selection of symmetry 
correcting technique

Flaps—TRAM- 
DIEP- CLD

Wrong choice of pedicle with inadequate 
rotation (pedunculated flaps)
Wrong choice of donor vessels for microsurgical 
anastomosis which constrain proper positioning 
of the flap
Incorrect flap modeling. Modeling performed 
without sitting the patient to evaluate symmetry
Failure to consider the height of the 
inframammary fold in the design of the surgery

Lipofilling 
((BR-EP) 
modeling)

Accidental prosthesis rupture in BR with 
expanders or prosthesis as a result of a bad 
technique or use of inadequate surgical 
instruments

NAC 
reconstruction

Wrong positioning due to design error
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56.3  Patient Evaluation, Attempt 
on Systematization of Procedures, 
and Algorithm

Even though there is not a model to determine the ideal 
reconstruction procedure for patients with an indication for 
revision surgeries, it is always advisable to try to unify evalu-
ation criteria.

In the interview with the patient, it is always important to 
analyze their surgery history, any oncologic treatments 
received, the time elapsed since they were performed/given, 
and the patient’s expectations. It is also important to evaluate 
their body mass index (BMI) and smoking history as well as 
other chronic pathologies.

Physical examination is essential and it must always be per-
formed with the patient sitting up, with good lighting, and the 
observer should sit opposite the patient at the height of the tho-

rax. The patient’s arms must hang relaxed at the sides of the 
body and must then be lifted at 180° in order to expose any 
potential retraction or alteration. First, breast anatomy should be 
analyzed (quality of the skin of the reconstructed breast, radio-
therapy sequelae, presence of pectoralis major muscle, and type, 
location, and elasticity of scars) together with body anatomy to 
evaluate possible flap or LF donor areas. Then, the result of the 
reconstruction must be evaluated by analyzing the technique 
used, any defects, and the possible etiology of those defects in 
the reconstructed breast, in the remaining breast, and also in 
symmetry. A hypothesis must be made with the information 
obtained from the surgery plan, including the number of neces-
sary procedures to achieve a good result, and this should be 
informed to the patient, who should be invited to participate in 
the decision and in the steps to follow. Iconography of the 
patient should always be obtained without marking and after 
marking when the plan has been decided (Figs. 56.1 and 56.2).

Fig. 56.1 Patient evaluation. Immediate left breast reconstruction with 
temporary expander and radiotherapy. Malpositioning, rotation, 
displacement to the armpit, and severe capsular contracture. History of 
conservative surgery and radiotherapy in right breast with sequelae in 
the 12 o’clock position (top left). Bilateral planning in two stages. 
Reconstructive first stage. Lipofilling in right breast, lipoaspiration with 

correction of the inframammary fold. Replacement of expander with 
another temporary expander in the left breast adequate to the patient’s 
anatomy with lowering of the inframammary fold, lower pole 
reconstruction, and lateral breast expansion. Safety approach with inci-
sion to be covered by pectoralis major fibers (top right, bottom)
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Since we have evaluated numerous cases of patients 
obtaining unsatisfactory results with the different recon-
struction techniques available, it is possible, after years of 
experience, to classify different types of sequelae into sub-
groups and to simplify the indication for revision and sec-
ondary reconstruction procedures.

At the Mastology Department of the University of Buenos 
Aires Oncology Institute “Ángel H. Roffo,” we developed a 
simple guiding algorithm to manage these situations. The 
algorithm first analyzes the type of sequelae and the primary 
reconstruction technique used. Then, the most frequently 
used techniques are divided into three branches (expanders/
prostheses, latissimus dorsi flap (LDF), TRAM flap and its 
variants) and for each of them the patient’s history of radio-
therapy is evaluated as well as the quality of the skin regard-
less of whether it was irradiated or not. We give priority to 
this clinical evaluation and indicate the revision surgery tac-
tic as shown in the algorithm in Fig. 56.3. The techniques in 
this algorithm appear in a decreasing order according to their 

frequency of use. However, on many occasions there are sev-
eral alternatives for the same patient, in which case we 
choose the one that offers perspectives of good results with 
the lowest possible morbidity and the lowest number of sur-
gical interventions. Surprisingly, and many times contrary to 
popular belief, many patients who had bad results with 
expanders or prostheses can obtain a successful reconstruc-
tion with the same technique, whether it is complemented 
with LF or not. In addition, LF may constitute a simple and 
not so aggressive procedure for the correction of defects sec-
ondary to prosthetic reconstruction, subsequent radiother-
apy, and capsular contractures [12, 13]. Autologous tissue, 
particularly pediculated TRAM flaps, DIEP flaps, and, to a 
lesser extent, LDF, is indicated for severe sequelae in bad 
quality tissues which have scarce possibilities of obtaining 
good results with less aggressive techniques.

Symmetry correction is considered in all cases without 
exception, taking into account that, in general, the correction 
of the remaining breast must be adjusted to the reconstructed 

Fig. 56.2 Continued. Patient evaluation. Second reconstructive stage 
(8 months later): second lipofilling procedure in the right breast and 
replacement of expander with a prosthesis in the left breast, 

lipoaspiration in left armpit extension. Lipofilling of upper pole and 
upper-inner quadrant. Donor sites of adipose tissue in abdomen and 
flanks are marked (bottom left, right)
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breast, since the latter has more reconstruction limitations 
(Fig. 56.3).

Finally, as shown in this algorithm, the addition of LF is 
considered very useful for the correction of small sequelae 
and for the optimization of the result regardless of the sec-
ondary technique used [13] (Fig. 56.3).

56.4  Revisions After Breast Reconstruction 
with Expanders and Prostheses

When we see patients with bad results after reconstruction 
with expanders or implants, we must evaluate and analyze 
the sequelae and the possible reasons for those results. This 
evaluation guides the approach to be taken and the technique 
to be used. Table  56.3 summarizes the most frequently 
observed defects, and Table 56.4 shows the techniques that 
can be used.

It is clear that each of these patients poses an individual 
problem not only from the technical but also from the psy-
chological and emotional points of view and also in relation 
to the expectations they have. Therefore, despite the use of 

algorithms, it is difficult to accurately systematize the proce-
dures or include all the possible options in this chapter. 
Below, we present some clinical cases showing the most 
illustrative examples of sequelae that we observed in our 
practice and how we solved them.

The first case is a patient who underwent skin-reducing 
mastectomy (SRM) sparing the nipple-areolar complex with 
immediate reconstruction using anatomical prosthesis. A 
post-surgery infection resulted in implant extrusion and loss 
of implant. She had a secondary reconstruction with expander 
plus anatomic implant in two stages, which evolved with 
rotation, downward and outward displacement, and lowering 
of the inframammary fold (Fig. 56.4).

Figure 56.5 shows the design of the reconstruction with 
pocket correction, adjusting it to the volume of the prosthe-
sis, which was not replaced to prevent rotation, using the 
periareolar and vertical scar approach and raising of the 
inframammary fold through the previous scar with suture of 
the cutaneous adipose flap to the rib cage using slowly reab-
sorbing material.

The second case is a patient who underwent a mastectomy 
and immediate reconstruction with a temporary  anatomical 

BR – Expander / Prosthesis BR Latissimus Dorsi (LD) + Expander /
Prosthesis

Tram Flap / DIEP BR

Previous Radiotherapy YES/NO Previous Radiotherapy YES/NO Previous Radiotherapy YES/NO

Yes/No
Radiotherapy

*GSQ

Yes/No
Radiotherapy

#PSQ

• Lipofilling with or
without Brava

• Temporary
Expander

• Permanent
Expander 

• Flaps - LD - Tram

• LD Flap +
Expander or
Prosthesis

• Tram flap or other
• Lipofilling+Brava+

Secondary
expander

Delayed correction of sequelae or optimization of results with Lipofilling

Simultaneous or Delayed Correction of symmetry with the remaining breast should be considered in all cases

Yes/No
Radiotherapy

*GSQ

Yes/No
Radiotherapy

#PSQ

• Temporary
Expander with or
without previous
Lipofilling

• Tram Flap
• Lipofiling +

Brava +
Secondary
expander

Minor Defects in
shape and size

Major Defectos
in shape and

size

• Lipofilling
• Lipomodeling
• Neighboring flaps
• LD flap

•LD flap +
Expander

•Extended LD flap
•Other
Microsurgical
Flaps

Primary BR sequelae

Primary Technique used

Primary BR sequelae

Primary Technique used

*GSQ: Good skin quality #PSQ: Poor skin quality

Fig. 56.3 Revision surgery algorithm—breast reconstruction
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Table 56.4 BR with expanders/prostheses. Techniques

• Correction of pocket and IMF
• Secondary two-stage BR with exp-prost
• Secondary BR with permanent expander
• BR with autologous tissue
• Lipofilling
• Secondary correction of the remaining breast
• Correction of prosthesis rotation
• Secondary reconstruction of NAC

Table 56.3 BR with expanders/prostheses

Prosthesis or expander rotation
Poor lower pole expansion
Excessive filling of upper pole
Implant lateralization or centralization
Lack of projection
Defects in breast base width, too wide or too narrow
High, low, or asymmetrical inframammary fold in relation to the 
remaining breast
Poorly defined inframammary fold
Bad scar expansion. Presence of “dog ears”
Lower or upper pole tissue hypotrophy with or without rippling
Different grades of capsular contractures with or without previous 
radiotherapy
Asymmetry due to poor outcome of the reconstructed breast, the 
remaining breast or both
Incorrect placement of nipple-areolar complex

Analysis of most frequently observed sequelae

Fig. 56.4 BR with expanders/prosthesis. Secondary breast reconstruction. Prosthesis rotation, implant lateralization, and lowering with asym-
metry in relation to the reconstructed breast
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expander. She did not receive adjuvant radiotherapy. Due to 
personal issues, she did not complete the expansion properly 
and made an appointment 18 months later presenting with 
severe capsular contracture and marked asymmetry with 
raised inframammary fold and volume and shape alteration 
(Fig. 56.6). Figure 56.7 shows the design of the pocket cor-
rection through the previous incision in the pectoral muscle 
and upper, lower, anterior, and concentric capsulotomies. An 
anatomical prosthesis was placed and adjusted to thorax anat-
omy and to the structure of the remaining breast. Symmetry 
correction was performed simultaneously with a pexy of the 
left breast, with a good final outcome.

The patient in the third case underwent reconstruction 
with expander and prosthesis in two stages, nipple recon-
struction and reduction of the remaining breast. An unfavor-
able result was obtained, with capsular contracture and 
implant medial and upper displacement, nipple lateraliza-
tion, and marked asymmetry (Fig. 56.8).

Secondary reconstruction with expander and anatomical 
prosthesis was performed in two stages, with concentric, infe-
rior and anterior capsulotomies, and resection of the recon-
structed nipple. Secondary reduction of the remaining breast 
and secondary nipple reconstruction with star flap (Fig. 56.9).

The fourth case is a patient who underwent single-stage 
prosthetic reconstruction, with no correction of the remain-
ing breast. An unfavorable outcome was obtained, with cap-
sular contracture, medial and upward displacement of the 
implant, retractile scar in the lower pole, and marked asym-
metry (Fig. 56.10).

The first stage consisted in replacing the prosthesis with a 
temporary expander with capsulotomies and lowering of the 
inframammary fold. The expander was replaced by a perma-
nent prosthesis, and secondary reduction of the remaining 
breast was performed. In the final outcome, correction of the 
lower pole of the right breast with LF is still pending 
(Fig. 56.11).

Fig. 56.5 Continued. BR with expanders and prosthesis. Secondary 
breast reconstruction. Prosthesis rotation, implant lateralization, and 
lowering with asymmetry in relation to the reconstructed breast (top). 

Design of reconstruction with correction of pocket (reduction) through 
periareolar and vertical approach and raising of inframammary fold 
with suture to the rib cage (bottom left). Final result (bottom right)
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Fig. 56.7 Continued. BR with expanders/prosthesis. Immediate breast 
reconstruction with temporary expander. Severe capsular constracture 
without radiotherapy. Marked asymmetry with raised inframammary 
fold, shape, and size alteration (top). Design of the pocket correction 
through the previous incision in the pectoral muscle and capsulotomies. 

Placement of anatomical prosthesis adjusted to thorax anatomy and to 
the structure of the remaining breast. Symmetry correction performed 
simultaneously with a pexy of the left breast. Long-term final result 
(bottom)

Fig. 56.6 BR with expanders/prosthesis. Immediate breast reconstruction with temporary expander. Severe capsular constracture without radio-
therapy. Marked asymmetry with raised inframammary fold, shape, and size alteration
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Fig. 56.8 BR with expanders/prosthesis. Patient underwent two-stage 
reconstruction with expander and prosthesis, nipple reconstruction, and 
reduction of the remaining breast. Unfavorable results with capsular 
contracture and implant medial and upper displacement, nipple 
lateralization, and marked asymmetry

Fig. 56.9 BR with expanders/prosthesis. Patient underwent two-stage 
reconstruction with expander and prosthesis, nipple reconstruction, and 
reduction of the remaining breast. Unfavorable results with capsular 
contracture and implant medial and upper displacement, nipple 
lateralization, and marked asymmetry (top left). First stage consisted in 

nipple resection and replacement of prosthesis with temporary 
expander, performing capsulotomies, and lowering the inframammary 
fold (top right). Replacement of expander with prosthesis and secondary 
reduction of the remaining breast (bottom left). Final result after 
secondary reconstruction of the nipple prior to the tattoo (bottom right)

Fig. 56.10 BR with expanders/prosthesis. Patient underwent a single- 
stage prosthetic reconstruction. Unfavorable result with capsular 
contracture and implant medial and upper displacement, retractile scar 
in the lower pole, and marked asymmetry
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The fifth case is a patient with a history of right breast 
mastectomy, breast prosthetic reconstruction, NAC recon-
struction, and radiotherapy. She evolved with severe capsular 
contracture with intra- and extracapsular implant rupture and 
marked asymmetry. The right breast skin had good elasticity 
with no marked sclerosis (Fig. 56.12).

The first stage consisted in the replacement of the pros-
thesis with a temporary expander with capsulotomies and 
lowering of the inframammary fold. The expander was 
replaced with a prosthesis and then LF was performed 
(Fig. 56.13).

The sixth case is a patient with a history of right breast 
mastectomy, breast prosthetic reconstruction, and radiother-
apy. She had elastic skin with mild actinic sclerosis and 
marked asymmetry (Fig. 56.14).

The defect was corrected by replacing the prosthesis with 
a double-lumen permanent expander following multiple cap-
sulotomies and simultaneous pexy of the remaining breast 
(Fig. 56.15).

Fig. 56.11 BR with expanders/prosthesis. Patient underwent a single- 
stage prosthetic reconstruction. Unfavorable result with capsular contrac-
ture and implant medial and upper displacement, retractile scar in the 
lower pole, and marked asymmetry. First stage consisted in replacing the 
prosthesis with a temporary expander, performing capsulotomies, and 

lowering the inframammary fold (top right). Replacement of expander 
with prosthesis and secondary reduction of the remaining breast (bottom 
left). In the final outcome, correction of the lower pole of the right breast 
with lipofilling is still pending (bottom right)

Fig. 56.12 BR with expanders/prosthesis. Patient with a history of 
right breast mastectomy, breast prosthetic reconstruction, NAC recon-
struction, remaining breast reduction, and radiotherapy. Severe capsular 
contracture with intra- and extracapsular implant rupture. Marked asym-
metry. Right breast skin with good elasticity and no marked sclerosis
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The seventh case is a patient with left breast neoplasia, 
who underwent a mastectomy, sentinel node biopsy, and 
immediate reconstruction with temporary anatomical 
expander. She developed an infection during treatment with 
adjuvant chemotherapy and residual capsular contracture 
(Fig. 56.16).

The sequelae was evaluated, and since the skin had not 
been irradiated and had good elasticity, placement of a per-
manent double-lumen anatomical expander was indicated, 
with concentric, inferior, and anterior capsulotomies and 
simultaneous reduction of the remaining breast (Fig. 56.17).

In some cases, depending on the sequelae and the biotype 
of the patient, it is not possible to perform a secondary pros-
thetic reconstruction and flaps must thus be indicated. This 
was required in the eighth case. This is an obese patient who 
received radiotherapy of the mastectomy site and underwent 
single-stage prosthetic reconstruction with simultaneous 
reduction of the remaining breast. A sequela with severe 

Fig. 56.13 BR with expanders/prosthesis. Patient with a history of 
right breast mastectomy, breast prosthetic reconstruction, NAC 
reconstruction, remaining breast reduction, and radiotherapy. Severe 
capsular contracture with intra- and extracapsular implant rupture. 
Marked asymmetry. Right breast skin with good elasticity and no 

marked sclerosis. First stage consisted in replacing prosthesis with 
temporary expander, performing capsulotomies and lowering the 
inframammary fold (top left). Replacement of expander with prosthesis 
and subsequent lipofilling (right). Final result (bottom-left)

Fig. 56.14 BR with expanders/prosthesis. Patient with a history of 
right breast mastectomy, breast prosthetic reconstruction, and 
radiotherapy. Elastic skin with mild actinic sclerosis. Marked 
asymmetry
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Fig. 56.15 BR with expanders/prosthesis. Correction of defect with replacement of prosthesis with a double-lumen permanent expander after 
performing multiple capsulotomies and simultaneous pexy of the remaining breast

Fig. 56.16 Patient with left breast neoplasia, who underwent a mas-
tectomy, sentinel node biopsy, and immediate reconstruction with tem-
porary anatomical expander. She developed an infection during 

treatment with adjuvant chemotherapy and residual capsular contrac-
ture with raised inframammary fold. Marked asymmetry
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 capsular contracture of the left breast is observed, with mod-
erate to severe actinic sclerosis and marked asymmetry 
(Fig. 56.18).

Secondary reconstruction was indicated to remove the 
prosthesis with a DIEP flap with an anastomosis of the inter-
nal mammary vessels and secondary reduction of the right 
breast (Fig. 56.19).

LF indication: Ninth case. A patient with right breast 
neoplasia. A mastectomy, sentinel node biopsy, and imme-
diate breast reconstruction were performed placing a tempo-
rary anatomical expander and then a prosthesis. She 
underwent adjuvant radiotherapy and involved with cutane-
ous retraction and alteration in breast size and shape, mod-
erate capsular contracture, and breast asymmetry 
(Fig.  56.20). It was corrected with LF and Rigottomies 
(transcutaneous subcisions). The last step was nipple recon-
struction with the star flap technique and pexy of the remain-
ing breast (Fig. 56.21).

Fig. 56.17 BR with expanders/prosthesis. The sequelae was evalu-
ated, and since the skin had not been irradiated and had good elasticity, 
placement of a permanent double-lumen anatomical expander was 

indicated, with concentric, inferior, and anterior capsulotomies and 
simultaneous reduction of the remaining breast

Fig. 56.18 Patient with left breast neoplasia, who underwent a mastec-
tomy, radiotherapy, and immediate reconstruction with round prosthe-
sis. She developed capsular contracture with raised inframammary fold. 
Marked asymmetry
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Fig. 56.19 BR with prosthesis. Secondary reconstruction is indicated to remove the prosthesis with a DIEP flap, with anastomosis of the internal 
mammary vessels and secondary reduction of the right breast

Fig. 56.20 Patient with right breast neoplasia underwent a mastec-
tomy, sentinel node biopsy, and immediate breast reconstruction with 
placement of a temporary anatomical expander and then a prosthesis. 

Adjuvant radiotherapy with cutaneous retraction and alteration in 
breast volume and shape. Moderate capsular contracture. Breast 
asymmetry
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56.5  Revisions After Breast Reconstruction 
with Autologous Tissue

When patients present with poor results of reconstructions 
with autologous tissue, we must, as we do with other tech-
niques, evaluate and analyze the sequelae and the possible 
reasons for those results. This evaluation guides the approach 
to be taken and the technique to be chosen. Table 56.5 sum-
marizes the most frequently observed defects and Table 56.6 
shows the techniques that can be used.

As with revisions of patients with expander and prosthe-
ses, it is difficult to accurately systematize the procedures or 
present all the possible alternatives. The algorithm presented 
above (Fig. 56.3) shows the usefulness of the various tech-
niques and our preferences depending on the magnitude of 
the defect to be corrected (major or minor). We present some 
clinical cases of the most illustrative examples of sequelae 
we observed and how we solved them.

The tenth case is a patient with right breast neoplasia, mas-
tectomy, radiotherapy, and delayed BR with pedunculated 

TRAM flap with pexy of the remaining breast. Flap with no 
projection of the lower pole and lowered and undefined infra-
mammary fold, defect in upper pole volume (Fig. 56.22).

The defect was corrected through reconstruction and rais-
ing of the inframammary fold with a polypropylene mesh 
and lipofilling for the correction of the upper pole deficit and 
reconstruction of the nipple-areolar complex (Fig. 56.23).

The eleventh case is a patient with left breast neoplasia, 
who is a smoker and had received radiotherapy. She had had 
a skin-conserving mastectomy and immediate BR with 
microsurgical free TRAM flap. She developed extensive 
cutaneous necrosis as a complication (Fig. 56.24).

It was decided to adopt a watchful waiting approach with 
periodic dressing changes, and healing of the defect was 
observed. Then, flap modeling correction was performed by 
drying the scar and sequelae fibrosis with a very good result 
after NAC reconstruction (Fig. 56.25).

The twelfth case is a patient with left breast neoplasia, mas-
tectomy, and adjuvant radiotherapy. Delayed reconstruction 
was performed with pediculated TRAM flap. As a result, the 

Fig. 56.21 Continued. BR with expanders/prosthesis. Shape and size sequelae in the right breast secondary to radiotherapy. Moderate contrac-
ture. Correction with lipofilling and Rigottomies. Nipple reconstruction with the star flap technique and pexy of the remaining breast
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flap exceeded the breast margins with a bigger size than the 
remaining breast, lowering of the inframammary fold, and 
asymmetry (Fig. 56.26).

The defect was corrected by modeling the flap and drying 
the scar and excess external tissue and modeling of the rectus 
abdominis muscle pedicle by inverting it in order to mark the 
inframammary fold, achieving a good result after NAC 
reconstruction (Fig. 56.27).

The thirteenth case is a patient with right breast neoplasia, 
mastectomy, and radiotherapy. Delayed reconstruction with 
pedunculated TRAM flap was performed. The flap exceeded 
the margins of the breast outward and downward in size, with 
lowered inframammary fold and asymmetry (Fig. 56.28) [14].

The right breast defect was corrected by modeling the flap 
with a surgical tape mold of the remaining breast (S Kroll) 
[15] and resection of excess external tissue. Result after 
NAC Reconstruction (Fig. 56.29).

Table 56.5 BR with autologous tissue

Shape alteration
Size alteration (excess or defect)
High, low, or asymmetrical inframammary fold in relation to the 
remaining breast
Poorly defined inframammary fold
Asymmetry due to poor outcome of the reconstructed breast, the 
remaining breast or both
Incorrect placement of nipple-areolar complex

Analysis of most frequently observed sequelae

Table 56.6 BR with autologous tissue. Techniques

• Flap modeling
• Inframammary fold reconstruction or modeling
• Secondary BR with neighboring flaps
• Secondary BR with autologous tissue
• Lipofilling
• Secondary correction of the contralateral breast
• Secondary reconstruction of NAC

Fig. 56.22 Patient with right breast neoplasia, mastectomy, radiother-
apy, and delayed BR with pedunculated TRAM flap, with pexy of the 
remaining breast. Flap with no projection and lowered and undefined 
inframammary fold. Defect in upper pole volume
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Fig. 56.23 Continued. BR with autologous tissue. Right breast defect correction through reconstruction and raising of the inframammary fold 
with a polypropylene mesh and lipofilling for the correction of the upper pole deficit

Fig. 56.24 Patient with left breast neoplasia who had received radiotherapy. She underwent a skin-conserving mastectomy and immediate BR 
with microsurgical-free TRAM flap. Extensive cutaneous necrosis
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56.6  Conclusions

RS success is achieved by obtaining a breast with normal 
anatomical appearance, dynamically and with good symme-
try after unsatisfactory initial results.

To reach this goal, it is crucial for professionals to have 
vast experience in all breast reconstruction techniques, con-
duct a critical analysis, and evaluate the defects and their 
probable etiology in order to customize the procedure in 
each case. In addition to the experience needed and the ful-
filling of all these requirements, the use of the guiding algo-
rithms and satisfactory results, although difficult to achieve, 
is possible, if we also consider a fundamental concept 
described by Steve Kroll many years ago, which stated that 
breast reconstruction is an interesting combination of engi-
neering and art. Probably, art is paramount here in order to 
achieve these goals.

Fig. 56.25 Continued. BR with autologous tissue. Correction of left breast defect with flap modeling by drying the scar and sequelae fibrosis (top 
left). Immediate result (bottom left). Result after NAC reconstruction (right)

Fig. 56.24 (continued)
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Fig. 56.27 Continued. BR with autologous tissue. The defect was cor-
rected by modeling the flap and drying the scar and any excess external 
tissue and modeling the rectus abdominis muscle pedicle by inverting it 

in order to mark the inframammary fold (bottom left). Result after NAC 
reconstruction (bottom right)

Fig. 56.26 Patient with left breast neoplasia, mastectomy, and radiotherapy. Delayed reconstruction with pedunculated TRAM flap. Flap exceed-
ing the breast margins with a bigger size than the remaining breast, lowering of the inframammary fold, and asymmetry
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Fig. 56.28 Patient with right breast neoplasia, mastectomy, and radiotherapy. Delayed reconstruction with pedunculated TRAM flap. Flap 
exceeded the margins of the breast outward and downward in size, with lowered inframammary fold and asymmetry

Fig. 56.29 Continued. BR with autologous tissue. Correction of right breast defect by modeling flap with a surgical tape mold of the remaining 
breast. Resection of excess external tissue. Result after NAC reconstruction (bottom right)
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Immediate Breast Reconstruction 
in Pregnancy and Lactation

Cicero Urban, Cléverton Spautz, Rubens Lima, 
Eduardo Schünemann Jr, and Vanessa Amoroso

57.1  Introduction

The definition of pregnancy-associated breast cancer (PABC) 
includes breast cancer diagnosed during pregnancy and 
within a year after pregnancy, or any time during lactation 
[1–3]. Although the prevalence of PABC is relatively low 
(1:3000 deliveries), it puts the medical team in a complex 
setting, because two individuals are involved: the mother and 
the unborn child. It is estimated that 3% of all breast cancers 
may be diagnosed in pregnant women, and its incidence is 
expected to increase due to worldwide postpone childbearing 
[4–6]. Or, putting in another way, at least 10% of patients 
with breast cancer who are younger than 40 years of age will 
be pregnant at their diagnosis [7, 8], with PABC constituting 
approximately 7% of all breast cancers in women less than 
45 years of age [9]. Breast cancer in pregnancy will continue 
to increase, and standardized treatment strategies are required 
to be developed [10].

Clinical examination of the breasts during pregnancy is 
difficult because breast presents an increased density and 
firmness. About 80% of women with a palpable painless 
lump during pregnancy have a benign mass. Any palpable 
lump persisting for more than 2 weeks should be deeper 
investigated with further specific workup. Nipple discharge 
and “milk rejection” sign are not frequently present [11–14]. 
Diagnostic delays of 2  months or longer are common in 
women with gestational breast cancer. Patient denial and, 
potentially, physician reluctance to intervene during preg-
nancy may also lead to delayed diagnosis [14]. Such delays 
may adversely impact oncological outcome, since even a 

1-month delay in diagnosis can increase the risk of nodal 
involvement by 1–2% [15–18], leading to a diagnosis in 
more advanced stage in regard to tumor size (T3–4 tumors 
represented 31% of the PABC tumors vs. 13% of the control 
tumors, p = 0.006) [9]. The majority of breast cancer is an 
infiltrating ductal carcinoma with high grade and lymph vas-
cular invasion, and in around 70% of cases estrogen and pro-
gesterone receptor negative and a higher expression of Her2/
neu [7, 13, 19].

The management of these young women represents a 
challenge to all those involved in their care. In contrast to 
other areas of breast oncology, there are no large randomized 
trials to guide surgical and clinical practice. Most of treat-
ment recommendations are based on case reports and retro-
spective cohorts. In consequence of that, until now there is 
no standardized treatment for PABC. But the options should 
be always influenced by the need to give optimal treatment to 
the mother while minimizing risks to the fetus [19–22].

Its prognosis and underlying therapeutic strategy for 
affected patients are currently subjects of debate [9]. PABC 
patients experienced more local recurrence than the control 
patients, and this was observed for smaller initial tumors, 
which usually have a good prognosis [9]. As PABC patients 
with T0–T2 tumors have a poor prognosis, they must be con-
sidered at high risk of local relapse and must be treated 
appropriately [9].

The Hartman et  al. meta-analyses demonstrated that 
women who are diagnosed with breast cancer during or after 
pregnancy are at an increased risk of both death and recur-
rence compared to those diagnosed with nonpregnancy- 
related breast cancer. On the other hand, women with a 
history of breast cancer who subsequently become pregnant 
have improved survival rates compared to those who do not 
become pregnant [23]. In addition, several studies have dem-
onstrated improved survival outcomes for women conceiv-
ing after treatment for breast cancer. These findings, however, 
may be a result of the “healthy mother” effect, a selection 
bias whereby women who have had favorable outcomes are 
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more likely to conceive than those who have relapsed thereby 
skewing the true effect [23].

Gestational age is the most important factor affecting treat-
ment. Treatment of an oncologic patient needs to be discussed 
within a multidisciplinary tumor board setting, which includes 
obstetrical and pediatric input. Eventually, the therapeutic 
strategy needs to be determined with the patient [6, 10].

Surgery under anesthesia is safe at any stage of pregnancy 
[10]. The concerns of sentinel lymph node biopsy (SLNB) in 
pregnancy are the fetal effects of exposure to radiation and/or 
blue dye [14]. Lymphazurin blue is generally avoided because 
of the risk of allergic reactions and anaphylaxis, while methy-
lene blue is avoided because it is associated with jejunal atre-
sia during the first trimester, but according to Gropper et al., 
that described a 47-patient cohort with node- negative breast 
cancer in pregnancy, it is feasible and appears safe [14].

A decision between breast-conserving surgery and mas-
tectomy must be made as in nonpregnant patients [10]. 
Therefore, breast anatomy is completely altered and no data 
exists about how it can affect the decisions on the best tech-
nique to reconstruct the breast in PABC. Consequently, some 
authors defend that breast reconstruction should be delayed 
until after delivery and after the end of oncologic treatment, 
when all reconstructive options can be available [20].

Mastectomy is sometimes preferred for breast cancer in 
pregnancy since follow-up radiation therapy is typically not 
required postoperatively [24].

Neoadjuvant chemotherapy allows, in some cases, post-
pone surgery after delivery and oncoplastic surgery helps to 
avoid mastectomy in these patients [19, 25].

In case of mastectomy, the immediate reconstruction 
must be weighed against the overall medical situation. 
Reconstruction following mastectomy during PABC is usu-
ally delayed until after delivery because achieving symmetry 
is considered difficult due to pregnancy-associated breast 
engorgement, as well as to fetal and maternal concerns [14]. 
As delayed reconstruction (either autologous or heterolo-
gous) remains an easy option, it should be considered. 
Implants should be used if immediate reconstruction is 
required [10].

Lohsiriwat et al. described reconstruction in pregnancy in 
78 patients: 22 underwent unilateral mastectomy; 13 of 22 
had immediate reconstruction (12 with a tissue expander and 
one with immediate implant). There was no infection, hema-
toma, capsular contraction, or flap necrosis, and 75% of 
patients completed expansion intrapartum. Eleven of 12 
patients continued their pregnancy; one had a termination at 
9 weeks. With a median follow-up of 32 months postpartum, 
one patient had expander leakage after external radiation and 
one had a local recurrence 19 months postmastectomy. This 
study suggests intrapartum reconstruction is a feasible option 
warranting further investigation [14, 26]. The same was 
found in the Meisel et al. retrospective chart review with 74 

patients. Immediate reconstruction was utilized without 
apparent complication [22].

Chemotherapy during the first trimester is not recom-
mended, because of the highly teratogenic potential of all 
antiproliferative drugs, specifically during organogenesis 
(weeks 4–12). As long-term data are only slowly accumulat-
ing, the data on systemic chemotherapy during the second 
and the third trimesters remain limited [10, 14]. Hormonal 
treatment with tamoxifen is not indicated during pregnancy, 
as it is associated with many serious fetal side effects. The 
start of treatment can be delayed until childbirth. The afore-
mentioned descriptions also hold for anti-HER2 treatment, 
as existing evidence indicates severe fetal side effects such as 
oligohydramnios and renal failure associated with poor neo-
natal outcome. Only very limited data exist regarding anti- 
HER2 therapy, which has a particularly higher effect in a 
poor prognosis subgroup. Precisely, anti-HER2 therapy 
should not be recommended during pregnancy [10].

A 2- to 3-week temporal duration between the last che-
motherapy and childbirth is ideal for both mother and child. 
Breast-feeding during treatment is not recommended [10].

So, the purpose of this chapter was to present a model that 
allows immediate breast reconstruction in this complex 
group of patients, and not compromising oncologic treat-
ment and fetus evolution.

57.2  Surgical Algorithm

Most PABC patients underwent mastectomy. Breast recon-
struction can be performed following a specific model 
designed in our Breast Unit since 2008, where these patients 
are divided in three distinct groups (Fig. 57.1):

• First trimester: Immediate reconstruction in one-step sur-
gery with breast implants and contralateral symmetry 
with breast reduction or mastopexy or two-step surgery 
with temporary expanders (Fig. 57.2).

First trimester Definitive Implant
and Symmetry

Temporary
Expander

Second and Third
Trimester  

Lactation
(has stopped more than 3 months ago?)

Yes

No
Autologous Flap

Fig. 57.1 Immediate breast reconstruction decision algorithm in preg-
nancy and lactation
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• Second and third trimester: Temporary expanders.
• Lactation: Temporary expanders, autologous flaps, or 

breast-conserving therapy (BCT). If the lactation had 
ceased at least 3 months ago, it is possible to perform one- 
step surgery with definitive implant and contralateral 
breast symmetry (Fig. 57.3). In this situation, an approach 
with a breast conservative surgery is possible too.

57.3  Rationale

Although BCT is a good alternative in selected cases of 
PABC, higher tumors than those found in nonpregnant 
patients, associated to the fact that radiotherapy should be 
avoided until after delivery, result in low rate of this kind of 
surgery in this group of patients [21]. In our Breast Unit 
there were no BCT in pregnant patients, since the dominant 
tumors were pT2 and pT3. Therefore, sentinel node biopsy 
was not yet consolidated in PABC until some years ago, and 
all the patients underwent to axillary dissection.

Pregnancy affects all the body. Physiological changes 
particularly associated with pregnancy include increased 
cardiac output, decreased peripheral vascular resistance, 
increased blood volume, physiological dilutional anemia, 
increased oxygen consumption, increased renal plasma flow, 
increased coagulability, decreased lung capacity, supine 

positional hypotension, and slow gastric emptying [19, 20]. 
They impose special care from anesthesiologists and surgical 
team (Table 57.1). So there are limits to be considered in the 
extension of surgeries in pregnancy.

With regard to breast reconstruction, pregnancy affects 
particularly the breasts, resulting in glandular hyperplasia 
and hypertrophy (mean breast weight normally doubles in 
pregnancy), increasing ptosis, areolar enlargement, nipple 
hypertrophy, and increasing pigmentation of the nipple and 
areola. At the end, breast anatomy is completely altered 
(Fig. 57.4). Unfortunately no data exists about the changes in 
breast structure, as well as volume and shape, and how it can 
affect the decisions on the best technique to reconstruct the 
breast in PABC. Due to that, some authors defend that breast 
reconstruction should be delayed until after delivery when 
all reconstructive options can be available (especially autolo-
gous tissue flaps) and when symmetry could be easier to 
achieve.

However, nowadays, immediate breast reconstruction is 
widely preferred and does not have a negative influence on 
breast cancer survival rates or recurrences. It has innate 
advantages in terms of quality of life and aesthetic outcomes, 
if compared to delayed reconstruction, especially for young 
women [27]. So our reconstructive approach to these patients 
in this series was to divide them in three different categories, 
according to the phase of their pregnancy and body and 
breast modifications:

a b c

d e f

Fig. 57.2 (a, b) Pre-operatory view of a 32-year-old patient, with 
8 weeks of pregnancy and a diagnosis of an invasive ductal carcinoma 
on left breast, G2, T2N1, ER/PgR positive, and HER2. (c, d ) 8 months 

after left skin-sparing mastectomy, axillary dissection, immediate 
breast reconstruction with form-stable implant, and contralateral breast 
reduction for symmetry. (e, f) Results 4 months after delivery

57 Immediate Breast Reconstruction in Pregnancy and Lactation
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• First trimester: Breast and body are less modified by 
pregnancy. The result of the reconstructed breast is more 
predictable than in the other two phases. Then immediate 
reconstruction could be performed in a one-step surgery 
with breast implants and contralateral symmetry with 
breast reduction or mastopexy or in a two-step surgery 
with temporary breast expanders (Fig. 57.2). Autologous 
tissue flaps, especially those abdominal wall techniques 
(pedicled or free TRAM flaps), are contraindicated. 
Latissimus dorsi flap could be indicated in well-selected 
cases, but it increases both surgical time and clinical com-
plications. In this series there were two patients who 
underwent to immediate breast reconstruction through 
one-step surgery with definitive implant and contralateral 
symmetry, resulting in a good aesthetic result. There were 
no significant modifications in their breasts over the time 
(Figs. 57.5 and 57.6).

• Second and third trimesters: The breast and body modifi-
cations are more evident and the final result of the recon-
structed breast is less predictable. So temporary expanders 
are the best choice in this group. The second surgery 
should be done at least 3 months after delivery (consider-
ing the impossibility of most patients in lactation due to 
oncologic treatment), or 3 months after lactation, when 
the breast achieves the normal shape, ptosis, and volume.

• Lactation: The breast modifications are more evident and 
the body modifications are progressively less important 
than before delivery. Temporary expanders are the best 
choice. The second surgery should be done at least 
3 months after lactation has ceased, when the breasts will 
achieve their definitive volume, shape, and ptosis. 
Autologous flaps could be indicated as primary surgery in 
selected cases, considering that the risks are the same as 
those in non-lactating and nonpregnant patients. But in 
the decision, it is necessary to consider the unpredictabil-
ity of breast modifications after lactation. It could be a 
negative influence to breast symmetry. In fact, most of the 
patients in our series were in this category. All of them 
underwent to temporary expanders with good long-term 
results. After the end of lactation, it was easier to achieve 
symmetry by changing the temporary expander for a 
definitive implant and by performing contralateral mam-
moplasty. There were no additional complications due to 
lactation. In cases where lactation is ceased at least 
3 months, it is possible to do one-step reconstructive sur-

a b c

d e f

Figs. 57.3 (a, b) Pre-operatory view of a 37-year-old patient with a mul-
ticentric invasive ductal carcinoma on left breast, T2N0, ER/PgR-, HER2-, 
and lactation has been interrupted 3 months ago. (c, d) 3 months after left 

skin-sparing mastectomy, sentinel node biopsy, immediate breast recon-
struction with definitive form-stable implant, and contralateral breast 
reduction for symmetry. (e, f) Long-term result: 2 years after surgery

Table 57.1 Physiological changes in pregnancy that can potentially 
interfere in breast reconstruction decisions and outcome

Physiological change Pregnant
Blood volume Increase by 30–50%
Hematocrit 30–35% normal
Heart rate Increase by 10–15 bpm
Clotting factors Increase factors II, VII, VIII, IX, X, 

fibrinogen
White blood cells 10,000–14,000
Platelets Low to normal

C. Urban et al.
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gery with definitive implant (Fig. 57.3) or a BCT with an 
oncoplastic approach.

Since PABC is a group of patients usually with a more 
aggressive disease (Table 57.1), it is expected that some 
of these patients will undergo postmastectomy radiother-
apy and a more aggressive adjuvant therapy [28]. It is nec-
essary to consider it in the decision process. Therefore, it 
is expected no delay in the beginning of chemotherapy 
due to breast reconstruction in this group. In a previous 
study carried out as retrospective and prospective analysis 
of consecutive PABC patients who had undergone mastec-
tomy, axillary dissection, and immediate breast recon-
struction in our Breast Unit from March 2004 until July 
2008, in a total number of 598 cases of invasive breast 
cancer, 10 PABC cases (1.7%) were selected (Table 57.2). 
These patients were younger and with more aggressive 
tumors than nonpregnant ones. Breast reconstructions 
were performed following the decision model presented 
here. First trimester patient (n = 2) underwent to immedi-
ate reconstruction in one-step surgery with breast implants 
and contralateral symmetry. Second and third trimester 
patients (n  =  2) underwent to temporary expanders. 
Lactation patients (n = 5) underwent to temporary expand-
ers, or one-step surgery with implants in cases of lactation 
had ceased at least 3 months ago (n = 1). No surgical com-
plications or delay in adjuvant therapy were observed in 
this group of patients. Only one patient needed postopera-
tive radiotherapy, resulting in Baker 2 capsular contrac-
ture. All the patients were alive without disease and the 
fetus  evolutions were not compromised by the surgery 
[29]. We have one patient that is receiving chemotherapy 
since 20 weeks of pregnancy.

a

b

Fig. 57.4 (a, b) Aesthetic modifications in breast and body during 
pregnancy

2012 2014

Fig. 57.5 29 years patient with 6 weeks of pregnancy and right breast cancer: pre and post operatory view
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So, if the patient has no oncologic contraindication for 
immediate breast reconstruction, the key point in this model 
for the decision process of the best technique for immediate 
breast reconstruction is the lactation. First trimester patients 
and those patients where lactation had ceased at least 3 months 
ago are more predictable in terms of shape, volume, and pto-
sis, so one-step surgery could be a good option. In cases 
where effects of lactation in the breast are present, temporary 
expanders could be the best choice, because it is not possible 
to achieve symmetry due to accentuated breast modifications. 
When neoadjuvant chemotherapy is necessary, the surgical 
treatment can be postponed after delivery or lactation. In this 
case, both immediate breast reconstruction with definitive 
implants or oncoplastic surgery are possible indications.

Finally, with this reconstructive approach to PABC 
patients, it is possible to minimize the effects of mastectomy. 
It is a transversal model, which considers all aspects: onco-
logic, obstetric, and reconstructive, with both the patient and 
the fetus in the center of decisional process.
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Breast Reconstruction in Elderly

Francesca De Lorenzi, Benedetta Barbieri, 
and V. Lohsiriwat

58.1  Introduction

Almost two-thirds of solid tumors occur in elderly patients 
[1]; between them, breast cancer is largely represented, and 
women aged 70 years and over have the highest incidence 
and mortality from breast cancer of any age group.

Unfortunately, in the past breast reconstruction has been 
not always been offered to elderly population due to the 
reluctance by clinicians concerned about attendant serious 
comorbidities. Elderly are often considered unfit for 
reconstruction due to an inaccurate estimation of operative 
risk. Moreover, no consensus exists on therapy of elderly 
cancer patients. Treatments are influenced by unclear 
standards and are usually less aggressive both for surgical 
and medical options. Finally, it has been demonstrated that 
many older women with breast cancer are receiving 
treatments that are not generally considered to be appropriate 
care [2]. Nowadays the behavior is changing, as people are 
living much longer and are healthier. Old age is becoming 
more prevalent; older people remain in the workforce; there 
is an increased emphasis on caring for grandchildren, 
children, and partners; and attitudes to marriage and sexual 
activity are adjusting. Surgical techniques and anesthesia are 
becoming safer. In addition, the survival rate of breast cancer 
is improving also in elderly patients, so a larger proportion of 
patients are living with the long-term consequences of their 
treatment. For these reasons, the consideration of breast 
reconstruction should be offered to elderly patients in order 
to improve their quality of life.

58.2  Definition and Characteristic 
of Elderly

Conventionally, “elderly” have been defined as those with a 
chronological age of 65 years or more, being those from 65 
through 74 years old referred as “early elderly” and those 
over 75 years as “late elderly” [3].

There are several major physiologic changes of aging 
affecting the central nervous system, the cardiovascular sys-
tem, the respiratory system, and many others. Quantifying 
the general risk of anesthesia with the ASA classification 
(scored from I to IV), most of the elderly patients fall in ASA 
class II or III. Elderly patients also have poor Karnofsky 
Performance Status [4, 5]. The elderly should have more 
careful preoperative and postoperative assessment and prob-
ably require more often intensive care management to reduce 
the surgical risk. They are also vulnerable to the adverse 
effects of anesthesia because of their reduced margin of 
safety. Acute and chronic medical conditions, nutritional sta-
tus, and level activity are needed to be taken in consideration 
(Figs. 58.1, 58.2, 58.3, and 58.4).

58.3  Psychological Benefits  
and Quality of Life

In general, there is a clear psychological benefit and quality- 
of- life benefit for breast reconstruction regardless of any age 
group. However there are only few reports focusing on qual-
ity-of-life assessment and mostly utilized general health 
questionnaires rather than specific ones [6, 7]. Girotto et al. 
reviewed 316 consecutive women older than 65 years of age 
(400 reconstructions) with breast cancer undergoing mastec-
tomy with reconstruction. Their outcomes were assessed with 
the use of a self-reported questionnaire (SF- 36) addressing 
health-related quality of life, body image, and physical func-
tioning. Concerning the overall quality-of-life issues after 
reconstruction, older patients with breast reconstruction had 
better outcomes than age-matched general population and 
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previously reported mastectomy-only patients (>55  years). 
Specifically, elderly patients had better outcomes in the sub-
scales that are strongly influenced by one’s mental health. 
However, when compared with prior data for younger patients 
undergoing mastectomy and reconstruction, the older patients 
had worse outcomes in the areas related to physical function.

Aneja et al. specifically investigated health-related quality 
of life in elderly breast cancer patients undergoing breast 
reconstruction [8]. They observed that although mastectomy 
with breast reconstruction is associated with a transient men-
tal health-related quality-of-life benefit compared to breast 

conservation and irradiation within the first 2 years of treat-
ment, it also is associated with decreased physical health-
related quality of life within the first 2 years of treatment and 
in the longer follow-up.

Recently, a literature research aimed to find out an evi-
dence-based algorithm regarding breast reconstruction in the 
elderly [9]. The authors conclude that if reconstruction is 
oncologically plausible and comorbidities and frailty are for-
mally assessed, older women should be actively informed 
about breast reconstruction, receive support, and engage in 
“shared decision-making.”

a b

Fig. 58.1 (a) An 86-year-old woman with a multifocal tumor of the right breast. Preoperative view. (b) Postoperative results after right skin- 
sparing mastectomy and immediate reconstruction with a definitive silicone gel implant

a b

Fig. 58.2 (a) A 67-year-old woman previously treated with breast con-
servation for carcinoma in situ of the right breast. Final histology 
revealed positive margins requiring mastectomy. Surgical scar at the 
superior quadrants. (b) Postoperative results after right nipple-areola- 

sparing mastectomy and immediate reconstruction with a definitive 
silicone gel implant and simultaneous periareolar mastopexy of the left 
healthy breast

F. De Lorenzi et al.
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b c

a
Fig. 58.3 (a) Preoperative 
view of a 73-year-old woman 
who underwent right modified 
radical mastectomy and 
locoregional irradiation.  
(b) Postoperative results after 
delayed reconstruction of the 
right breast with latissimus 
dorsi flap and definitive 
implant and simultaneous left 
mastopexy. Right nipple- 
areola complex has been 
reconstructed with tattooing 
and local flaps. (c) 
Postoperative results of the 
donor area

a b

Fig. 58.4 (a) A 66-year-old woman after left modified radical mastec-
tomy and no reconstruction. Preoperative view. (b) Postoperative 
results after delayed reconstruction of the left breast with a pedicled 

TRAM flap and simultaneous right mastopexy. Left nipple-areola 
complex has been reconstructed with tattooing and nipple sharing

58 Breast Reconstruction in Elderly
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58.4  Oncologic Safety

Breast cancer surgery is associated with a low risk of opera-
tive morbidity and mortality if compared to more difficult 
and longer surgeries. Wherever feasible, older women with a 
reasonable life expectancy should be treated with standard 
surgical procedures applicable to younger patients, including 
the choice of breast conservation or mastectomy where 
appropriate; breast reconstruction or oncoplastic procedures 
should be included in the options available.

Unfortunately, the review study by Kiderlen et  al. [10] 
noted that the proportion of elderly patients that received 
radiotherapy after conserving treatment decreased with age 
in all countries. Moreover, in all countries the proportion of 
patients who do not receive axillary surgery increased with 
age. They observed large international differences in the 
treatment of elderly early stage breast cancer patients, with 
the most surprising result consisting in the large proportion 
of elderly who did not undergo surgery at all.

Smith et  al. [11] demonstrated that breast cancer out-
comes have preferentially improved in women aged less than 
75 years. Focused research is needed to improve outcomes in 
older women. However, this conclusion might be the conse-
quence of elderly undertreatment resulting in poorer sur-
vival. Better screening tools and programs and more effective 
adjuvant chemohormonal and target therapy with lower tox-
icity are being developed and should be researched in elderly 
for achieved significant improvement in survival rate [12].

58.5  Type of Reconstruction

58.5.1  Breast Conservative Treatment (BCT)

BCT is largely indicated for elderly patients since the favor-
able tumor bio-histology characteristics in the elderly cohort 
make the local recurrence rate lower than the general popula-
tion. Although the large majority of quadrantectomies does 
not require any oncoplastic approach, in about 10–15% of 
cases, it is required to improve the cosmetic result [13, 14]. 
In fact, wide glandular resections can induce deformities and 
volume and shape asymmetry between the two breasts, such 
as glandular defects or scar retraction as well as nipple- 
areola complex (NAC) dislocations. An oncoplastic approach 
may avoid these asymmetries and the difficulties of glandular 
reshaping after breast irradiation justify an immediate partial 
reconstruction. Most of the deformities can be avoided using 
simple tricks without any specific training in plastic surgery: 
optimal positioning of the scar, transposition of the NAC to 
avoid dislocation, and better evaluation of the symmetry. In 
the other cases, a specific knowledge of reconstructive 
techniques is mandatory. Schematically, there are two 

fundamentally different approaches: volume displacement 
and volume replacement procedures.

Volume displacement procedures combine resection with 
a variety of different breast reduction and reshaping tech-
niques, according to the location of the tumor. Volume 
replacement procedures combine resection with immediate 
reconstruction by using local flaps, as glandular, fasciocuta-
neous, and mini-muscle flaps. Glandular flaps are feasible 
and safe in case of glandular and very dense breasts. In cases 
of fatty breast with low radiologic density, as elderly patients 
usually do have, a really careful evaluation is mandatory, and 
glandular flaps are more often contraindicated since there is a 
very high risk of necrosis after fat undermining and mobiliza-
tion. Implant replacement is indicated only in selected cases, 
when intraoperative exclusive irradiation is delivered [15]. In 
case of fatty breasts and large resection, mammoplasty proce-
dures should be preferred if simple closure of the lumpec-
tomy cavity is not feasible. Surgical reshaping after 
quadrantectomy for wide glandular excisions (oncoplastic 
techniques) can be offered in elderly patient [16, 17]. 
Oncoplastic surgery increases the oncological safety of 
breast-conserving treatment as a much larger volume can be 
excised and wider surgical margins can be achieved [18].

In cases of poor results after conserving treatment, an 
easy and simple technique to correct and replace the defects 
is fat grafting. Fat grafting is largely used also in the elderly 
cohort; it can be performed in a second operative time, after 
the external irradiation is delivered, usually in  local 
anesthesia with minimum scarring. Different studies are in 
the process demonstrating the safety of lipotransfer in cancer 
patients [19–21].

Fat grafting in elderly patients has been specifically inves-
tigated by Chirappapha et al. [22]. They didn’t observe any 
surgical complication at the donor area in their series of 153 
consecutive patients. Complications occurred at the recipient 
area in 8% of the patients, being liponecrosis the more fre-
quent one (7%). Thirty-three percent of the patients received 
more than one grafting procedure. The authors conclude that 
the relatively low early complication rate confirms fat graft-
ing as a good option for small defect correction after breast 
conservation even in older patients.

58.5.2  Mastectomy

Many type of mastectomies can be safely offered to elderly 
patients, such as total mastectomy with immediate or delay 
reconstruction, skin-sparing mastectomy, or nipple-areola- 
sparing mastectomy with immediate reconstruction [23]. 
Reconstruction includes implant-based of flap-based 
techniques.

Implant reconstruction is easy, with a short operative time, 
no donor site morbidity, and relatively quicker recovery. 

F. De Lorenzi et al.
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Respecting and evaluation of vascularity of the mastectomy 
flaps are mandatory in the immediate setting, to prevent mar-
ginal flap necrosis, wound dehiscence, secondary healing, 
and implant exposure. Additional operations after the primary 
procedure are usually necessary since aesthetic outcomes 
deteriorate over time, but most of the time these procedures 
can be performed under local anesthesia, including implant 
change and removal and nipple and areola reconstruction.

In our experience, flap reconstructions are generally lim-
ited to those patients who had received preoperative radio-
therapy, since radiation adversely affects the outcomes of 
implant-based reconstructions, and in those cases of wide 
mastectomies requiring flap repair. In the future, in the era of 
perforator flaps reducing donor side morbidity for strength 
and function, the number of elderly patients requiring this 
kind of reconstruction will probably increase.

Elderly alone should not be considered as a sole factor 
when selecting type of reconstruction for patients. 
Nevertheless, comorbidities, patient’s condition, and 
concomitant factors, together with the patient’s opinion and 
tumor stage, should influence the type of reconstruction. In 
addition, not all of breast cancer patients will definitely 
require reconstruction. Some of elderly patients who have 
high risk for surgery refuse the reconstructive surgery, and 
limited social lives may prefer external prosthesis to cope to 
mutilation of mastectomy.

Girotto et  al. [6] reported that elderly women are less 
likely to complete the nipple-areola complex reconstruction 
compared to younger cohort. Our study demonstrated that 
only 15.5% of elderly patients completed their reconstructions 
with the creation of the nipple-areola complex.

58.6  Complications

Data from the literature demonstrated that breast reconstruc-
tion is safe in elderly patients although it is well known that 
the risk of perioperative complications is proportionately 
increased because the number of comorbidities (i.e., hyper-
tension, coronary artery disease, cerebrovascular disease, 
chronic lung disease, diabetes, congestive heart failure) [24] 
and the relative risk of severe complications and death are 
significantly greater in the geriatric population than in the 
younger cohort. It is mandatory to address the overall status 
of the elder patient when reconstructive options are being 
considered. Certainly, the overall health condition, comor-
bidities, patient expectations and motivations, and tumor 
stage clearly affect the decision of reconstruction.

In our series [24], the majority of our elderly patients had 
an implant-based reconstruction with a low percentage of 
postoperative complications: no adverse events were 
observed in the postoperative period. Infection occurred in 
6.34% of patients, partial necrosis of the mastectomy flap in 

5.5%, and total implant removal in 12.24% due to infection 
(5.8%) or exposure (1.9%) or capsular contracture (4.2%).

On the contrary, Lipa et al. [25] reported a series of breast 
reconstruction in older women with majority of autologous 
flap reconstructions. They described a remarkably high com-
plication rate associated with implant-based reconstructions. 
Fewer complications resulted from autogenous tissue recon-
struction than from prosthetic reconstruction.

Howard-McNatt et al. reported on 89 women older than 
60 years having mastectomy and reconstruction (both implants 
and flaps). They concluded that age should not be a contrain-
dication for breast reconstruction in elderly women [26].

58.7  Conclusion

Advanced age (in itself) is not a contraindication to breast 
reconstruction and it can be successfully performed on well- 
selected patients. The safety of reconstruction together with 
improvements in life expectancy increases the incentive to 
allow older women with breast carcinoma to be reconstructed 
without major barriers related to age, functional status, and 
social support. Future cancer research should be conducted 
in the elderly to provide more confidence in cancer treatment 
and decrease undertreatment in elderly patients.
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Breast Reconstruction  
and Radiotherapy

Sophocles H. Voineskos, Christopher J. Coroneos, 
and Peter G. Cordeiro

59.1  Introduction

Postmastectomy radiotherapy (PMRT) has become an essen-
tial component in the treatment of a subset of patients with 
invasive breast cancer. Since 1997, when Ragaz et al. [1] and 
Overgaard et al. [2] originally described the indications for 
radiotherapy, a considerable number of patients now receive 
PMRT. Breast reconstruction has also become more frequent 
[3]. Reconstructive surgeons are faced with the challenge of 
performing breast reconstruction before radiotherapy or for 
patients requesting breast reconstruction in a previously irra-
diated field. When providing care for patients with advanced 
disease, the timing and sequence of chemotherapy, mastec-
tomy, reconstruction, and radiotherapy are not established. 
Our preferred algorithm to help guide the complex decision-
making process is illustrated in Fig.  59.1. If radiation is 
anticipated, we advocate immediate two-stage prosthetic 
reconstruction; this provides the patient with a breast mound 
and still maintains the option of salvage reconstruction with 
a flap [4].

59.2  Radiotherapy

The therapeutic use of ionizing radiation, or radiotherapy, is 
a fundamental component of the multidisciplinary approach 
in treating breast cancer. In patients with advanced breast 
cancer, radiotherapy reduces the locoregional recurrence rate 
and prolongs breast cancer-specific survival [5]. Additionally, 

it has been shown to reduce the overall death rate after 
 breast- conserving therapy [2]. Radiotherapy is delivered via 
external beam radiation to the chest wall and, when indi-
cated, to supraclavicular, infraclavicular, and axillary apical 
lymph nodes.

59.2.1  Indications for Radiotherapy

The ASCO PRMT guidelines [6], published in 2001, state 
that PMRT is recommended for the following patients with:

 1. Four or more positive axillary lymph nodes
 2. T3 tumors (i.e., more than 5 cm diameter) with positive 

axillary nodes
 3. Patients with operable stage III tumors

Although the benefit of PMRT in patients with less than 
four positive nodes has traditionally been much less certain 
[7], the Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG) demonstrated radiotherapy to reduce both recur-
rence and breast cancer mortality in patients with axillary 
dissection to at least level II, with one to three positive nodes 
[8]. The ASCO guidelines are currently being updated, and 
thus the recommendations may change.

59.2.2  Effect of Radiotherapy  
at the Cellular Level

Radiotherapy is used to control or destroy malignant cells 
through two mechanisms. Damage is caused by either direct 
or indirect ionization of DNA molecules, producing tissue 
toxicity. Direct ionization disrupts protein and DNA mole-
cules. Indirect ionization is thought to be more important; 
surrounding water molecules are ionized, producing free 
radicals that cause secondary damage to DNA. Radiation 
injury triggers multiple stress and apoptotic pathways, induc-
ing a response of DNA repair, senescence, or cell death.
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Mastectomy and Anticipated Radiotherapy

Alloplastic Reconstruction
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Delayed Immediate Delayed

Autologous Reconstruction

Fig. 59.1 Decision algorithm for mastectomy and anticipated radiotherapy

59.2.3  Pathophysiology of Radiotherapy

Tissue injury following radiotherapy has classically been 
thought to result from microvascular occlusion via a deple-
tion of parenchymal and vascular endothelial cells. A sec-
ondary reactive process occurs potentially in response to 
microvascular occlusion and stem cell death. The specific 
cellular mechanisms are poorly understood; however they 
are thought to result from a loss of stem cells and involve 
inflammatory mediators leading to fibrotic processes [9]. 
Long-lasting fibroblast changes may inhibit wound healing 
through alterations in angiogenesis, collagen production, 
and decreased stem cell activity [9, 10].

59.2.4  Sequelae of Radiotherapy

The pathological process of radiation injury occurs immedi-
ately after irradiation; however the clinical and histological 
features may not appear for weeks or months [11]. Radiation 
injury is classified as acute, within a few weeks or late 
months to years after exposure. Acute damage is seen in tis-
sues with rapidly proliferating cells, such as the skin or sali-
vary glands. Skin initially becomes erythematous, followed 
subsequently by hyperpigmentation and dry desquamation 
that may progress to moist desquamation. Late changes may 
develop gradually or suddenly and tend to occur in tissues 
with slow cell turnover, such as nervous tissue. Potential 
long-term risks of PMRT include lymphedema, brachial 
plexopathy, radiation pneumonitis, rib fractures, cardiac tox-
icity, and radiation-induced second neoplasms [6]. ASCO 
guidelines suggest the risk of these long-term toxicities to be 
low enough that they should not influence the use of radio-
therapy when it is indicated [6].

59.2.5  Impact of a Reconstructed Breast 
Mound on the Ability to Delivery 
Radiotherapy

The exact impact of a breast mound on the ability to effec-
tively deliver radiotherapy, and the subsequent oncologic 
outcomes, is not universally agreed upon. Immediate breast 
reconstruction, in the form of a tissue expander, implant, or 
autologous flap, results in breast contours that might hinder 
the treatment planning of PMRT [12, 13]. The altered design 
of effective radiation fields can lead to increased total radia-
tion dosage or to exclusion of radiation to areas that may 
harbor breast cancer. A metallic port, contained in most 
models of tissue expander, has been a particular point of con-
cern [14] as it can scatter or block the radiation beam. On the 
other hand, the presence of an implant does not seem to 
impact the efficacy of radiotherapy on local control of the 
treated chest wall and nodal regions [15]. If radiotherapy is 
carefully planned and delivered, excellent local control with 
acceptable heart and lung doses can be achieved for patients 
undergoing immediate reconstruction [15, 16].

59.3  Breast Reconstruction Before 
Radiotherapy

59.3.1  Effect of Radiotherapy on an Alloplastic 
Reconstruction

The most common breast reconstruction technique is a two- 
stage prosthetic reconstruction [3]. Long-term reconstructive 
failure rate of a two-stage implant reconstruction is signifi-
cantly lower in patients who do not undergo PMRT [17]. In 
the largest prospective study to date, Cordeiro et al. reported 
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implant loss to occur in 9.1% of irradiated implants and only 
0.5% percent of non-irradiated implants [18]. Similarly, 
high-grade capsular contracture (grade IV) was significantly 
more common in irradiated implants than non- irradiated 
implants, 6.9% and 0.5%, respectively [18]. Patients not 
receiving radiotherapy also had significantly higher health-
related quality of life and satisfaction, measured using the 
BREAST-Q, when compared to patients undergoing radio-
therapy to either their tissue expander or implant. On the 
other hand, PMRT is increasingly common for patients with 
advanced breast cancer. If these patients desire an expander/
implant reconstruction, or are high-risk surgical patients 
unable to tolerate autologous reconstruction, they will either 
receive radiotherapy to the tissue expander or to the perma-
nent implant following the exchange procedure.

59.3.2  Memorial Sloan Kettering Protocol 
for Immediate Alloplastic 
Reconstruction with Mastectomy 
and Anticipated Radiotherapy

Timing of radiotherapy is determined by the need for neoadju-
vant chemotherapy. When neoadjuvant chemotherapy is 
required, radiotherapy is delivered before the exchange proce-
dure for a permanent implant. When patients require adjuvant 
chemotherapy, radiation therapy is delivered after the exchange 
procedure. Timing of radiotherapy is illustrated in Fig. 59.2.

In patients receiving radiation therapy to the tissue 
expander, total mastectomy with immediate placement of a 
submuscular tissue expander with complete musculofascial 
coverage is performed 3–4 weeks after completion of che-
motherapy. Sentinel lymph node biopsy and/or axillary 
lymph node dissection is performed as necessary. 
Intraoperatively approximately 50% of tissue expansion is 
performed. Subsequent expansions are performed weekly, 
starting 10–14  days postoperatively. The final volume is 
achieved, through rapid expansion, by 6 weeks postopera-
tively. Radiotherapy commences at 8 weeks postoperatively 
and is administered to both the chest wall and regional lymph 
nodes with the tissue expander fully expanded. 15 MV pho-
tons are used for the reconstructed chest wall to minimize 
“scatter” dose off the magnetic tissue expander valve. A 
daily bolus of 1 cm is placed over the chest wall fields to 
ensure an adequate dose to the skin surface and mastectomy 
scar. Six months after radiation therapy is completed, aggres-
sive capsulotomy is performed and the permanent implant is 
inserted (Fig. 59.3).

For patients receiving radiotherapy to the permanent 
implant, expansions are performed weekly, starting 
10–14 days postoperatively, and are continued during che-
motherapy. Four weeks after completion of chemotherapy, 
the exchange for the permanent implant is performed. 
Radiotherapy to the permanent implant commences 4 weeks 
after the exchange procedure. The paraclavicular nodal 
region is always included in the radiation field. The internal 

Radiation toTIssue Expander

Neoadjuvant chemotherapy

Mastectomy and TE placement 3-4 weeks
post completion of chemotherapy

Rapid expansion starting 10-14 days post-
op. Expansion completed by 6 weeks

Radiation 8 weeks after TE placement

Exchange for permanent implant 6
months after completion of radiotherapy

TE, tissue expander

Exchange for permanent implant 4 weeks
after chemotherapy

Radiation 4 weeks after exchange

Mastectomy and TE placement

Expansion starting 10-14 days post-op

Expansion during chemotherapy

Radiation to Permanent implantFig. 59.2 Memorial Sloan 
Kettering protocol for 
immediate alloplastic 
reconstruction with 
mastectomy and anticipated 
radiotherapy
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mammary chain and axillary nodes are irradiated based on 
preoperative imaging or pathologic evaluation. The pre-
scribed energy for the radiation therapy to the permanent 
implant patients is 6 MV photons unless the patient is very 
large breasted. A daily bolus to the chest wall fields of 0.5 cm 
is administered. Irradiation of the permanent implant can 
cause both acute (Fig. 59.4) and late changes to the appear-
ance of the breast (Fig. 59.5).

59.3.3  Radiotherapy to the Tissue Expander 
Versus the Permanent Implant

Patients who undergo radiation therapy of the tissue expander 
followed by the exchange procedure have a two times greater 
6-year predicted failure rate than those receiving radiation 
therapy to the permanent implant after the exchange proce-

dure, 32% versus 16%, respectively [17]. Patients with tissue 
expander radiation are significantly more likely to lose their 
expander than those with permanent implant radiation [19]. 
Therefore, to minimize reconstructive failure, it is recom-
mended to irradiate the final implant.

Data on long-term aesthetic outcomes in irradiated two- 
stage expander/implant reconstruction is sparse. Nava et al. 
found subjective evaluations of shape and symmetry, 
assessed by surgeons, and patient opinion of the final recon-
struction to be favorable toward irradiating the final implant 
[19]. However, data published by Cordeiro et al. suggest that 
patients with tissue expander radiation have better aesthetic 
outcomes as evaluated by the surgeon and lower rates of 
severe capsular contracture (grades III and IV) than patients 
with permanent implant radiation [17]. Irrespective of the 
timing of radiotherapy, expander/implant reconstruction can 
have a good result, with minimal scarring or capsular 

a

c

b

Fig. 59.3 Patient with postoperative radiotherapy to tissue expander. (a) Lateral, (b) frontal and (c) Oblique views showing early postoperative results
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 contracture (Fig. 59.6), or a poor result, with distortion of the 
breast and a grade 4 capsular contracture (Fig. 59.7). Patients 
with tissue expander radiation can benefit from extensive 
capsulotomy at the time of the implant exchange, allowing 
the skin envelope to redrape over the implant, potentially 
contributing to a better aesthetic result. Patient-reported out-
comes, as measured using the BREAST-Q, in patients with 
different radiation timings appear to be similar [17].

The reconstructive surgeon is faced with a predicament 
when a patient who desires a two-stage prosthetic recon-
struction requires adjuvant radiotherapy. Should the surgeon 
recommend radiation therapy to the tissue expander, accept-
ing a higher rate of reconstructive failure to potentially 
achieve a better aesthetic result? Or is a successful recon-

struction a priority for the patient, understanding they will 
likely have an inferior aesthetic result? This judgment deci-
sion-making should be shared between the physician and 
patient. The senior author’s current approach is to have this 
discussion with patients and review their goals and expecta-
tions. Patient-reported outcomes may be informative in this 
scenario.

59.3.4  Effect of Radiotherapy 
on an Autologous Reconstruction

Immediate autologous breast reconstruction for patients 
planning to receive PMRT is controversial and traditionally 
has been not recommended [20–22]. Conventionally, the risk 
of deleterious effects from PMRT on a flap is thought to be 
too great, and patients are exposed to a higher rate of long- 
term complications, fat necrosis, volume loss, flap contrac-
ture, and inferior aesthetic outcomes [20, 21, 23] (Fig. 59.8). 
Despite a successful free-flap transfer, consistent results of 
breast volume and symmetry are difficult to achieve. These 
complications could require revision surgery. Unfortunately, 
the additional operations may not adequately address these 
radiation-induced changes.

Common autologous options include abdominally based 
flaps (transverse rectus abdominis myocutaneous (TRAM), 
deep inferior epigastric perforator (DIEP), and superficial 
inferior epigastric artery (SIEA)) and thigh- or buttock-based 
flaps (transverse upper gracilis (TUG), superior gluteal 
artery perforator (SGAP), inferior gluteal artery perforator 
(IGAP), and profunda artery perforator (PAP)). The TRAM 
flap, either pedicled or free, is the most common method for 
autologous breast reconstruction [24, 25]. The pedicled 
TRAM is naturally less robust than a free TRAM since the 

a b

Fig. 59.4 Patient with postoperative radiotherapy to implant: acute changes. (a) Lateral, (b) frontal, and lateral views showing postoperative 
results

Fig. 59.5 Patient with postoperative radiotherapy to implant: late 
changes
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a b

Fig. 59.6 Radiotherapy to TE/implant grade 1 capsular contracture (good result). (a) Frontal and (b) lateral views showing postoperative results

a b

Fig. 59.7 Radiotherapy to TE/implant grade 4 capsular contracture (bad result). (a) Frontal and (b) lateral views showing postoperative results

a b

Fig. 59.8 Patient with postoperative radiotherapy to TRAM flap. (a) Lateral and (b) frontal views showing postoperative results
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dominant blood supply to the TRAM tissue is the deep infe-
rior epigastric artery. It is understandable that a pedicled 
TRAM is more affected by radiotherapy and associated with 
more complications [26].

Studies investigating the susceptibility of various free 
flaps to radiotherapy changes are beginning to emerge. 
Myocutaneous free flaps (e.g., free TRAM, muscle-sparing 
TRAM) contain muscle tissue bulk and multiple perforating 
vessels, which could theoretically help to minimize the con-
sequences of radiotherapy. The DIEP flap, which uses fewer 
perforating vessels, is a modification of the free muscle-spar-
ing TRAM flap. In non-irradiated patients, the DIEP flap can 
reduce abdominal wall morbidity but is associated with an 
increased risk of fat necrosis and flap loss [27]. Interestingly, 
in irradiated patients the superior vascularity of a muscle-
sparing TRAM flap does not appear to protect the recon-
structed breast mound from perfusion- related complications 
and does not result in lower rates of fat necrosis than with a 
DIEP flap [28, 29].

Recently, studies assessing outcomes and complications 
in free-flap breast reconstruction with PRMT argue that not 
offering patients this option denies an increasing number of 
women the benefits of immediate reconstruction [23, 30, 31]. 
Conflicting outcomes of flap fibrosis, flap contractures, and 
aesthetic outcomes are being reported for patients undergo-
ing radiotherapy pre- or post-autologous reconstruction. 
Similar rates of total flap loss, wound healing complications, 
infection, hematoma, seroma, and fat necrosis are being 
reported between the two groups [31]. Proponents of this 
approach are suggesting that immediate autologous recon-
struction not be overlooked as a viable option in patients who 
are likely to require postmastectomy radiotherapy, as this 
would deny them the benefits of an immediate reconstruc-
tion. Nevertheless, the utility of immediate autologous 
reconstruction for advanced disease remains controversial 
and is not recommended routinely in guidelines [32]. Some 
surgeons are able to provide an autologous reconstruction 
with good aesthetic outcomes [33] and acceptable complica-
tion and revision procedure rates [23, 29], in patients uncer-
tain to require PRMT.  In general, for patients known to 
require PMRT and who desire an autologous reconstruction, 
we do not recommend immediate breast reconstruction due 
to the detrimental effects of radiation on the newly created 
breast mound. Furthermore, these patients should be coun-
seled that postoperative complications might postpone the 
opportunity to initiate PMRT.

59.4  Delayed-Immediate Technique

Delayed-immediate breast reconstruction is a treatment 
approach for patients with invasive breast cancer who are at 
an increased risk of requiring PMRT and who desire breast 

reconstruction [34]. Specifically, at MD Anderson, patients 
found preoperatively to have a T2 tumor, invasive disease 
with extensive ductal or lobular carcinoma in situ, multicen-
tric breast cancer, or one positive axillary lymph node are 
considered candidates [35]. As mentioned above, delaying 
breast reconstruction until after mastectomy and pathology 
results reveal that PMRT is not needed, or until after PMRT 
is completed, denies patients the aesthetic and psychological 
benefits of immediate reconstruction. Delayed-immediate 
reconstruction is viewed as a possible solution.

In stage 1, a tissue expander is placed at the time of mas-
tectomy and is filled to as great a volume as the vascularity 
of the mastectomy skin flaps will safely allow [35]. This pre-
vents skin retraction and maintains breast shape. The perma-
nent sections are reviewed, and the necessity of PRMT is 
assessed. In stage 2, if radiotherapy is not required, definitive 
breast reconstruction is performed 2 weeks after mastectomy 
[35], either with autologous tissue or by using a permanent 
implant with or without a latissimus dorsi flap. In the event 
that PMRT is recommended, the expander is deflated for 
treatment and reinflated no longer than 2 weeks after com-
pletion of PMRT [35]. Delayed reconstruction, with either 
autologous tissue or a permanent implant, should be com-
pleted no longer than 3 months after PMRT [35].

For patients in whom PMRT is not indicated, the second 
operative stage provides the opportunity to debride nonviable 
mastectomy skin if present and revise the inframammary 
fold if necessary. On the other hand, the long-term benefit of 
these revisions is uncertain and might not merit committing 
these patients to an extra operation.

The advantage for patients requiring PRMT is related to 
maintaining breast shape [36] and skin requirements for 
autologous reconstruction. A preserved breast skin envelope 
considerably decreases the amount of skin necessary for 
autologous reconstruction [35]. A skin-preserving delayed- 
immediate patient could potentially require only half of the 
abdominal flap to create a single natural-appearing breast. 
This affords the opportunity to use the other half of the 
abdominal tissue to reconstruct the contralateral breast if the 
patient desires a contralateral prophylactic mastectomy, 
possibly providing a more symmetrical result [35]. 
Conversely, when planning a standard delayed autologous 
reconstruction after PMRT, the surgeon may need to use a 
significant portion of the available abdominal tissue to recre-
ate a ptotic breast.

For patients in whom PMRT is indicated, the need to per-
form the reconstruction “no longer than 3 months after the 
completion of PMRT” [35] might actually risk greater compli-
cations in the perioperative period than a standard delayed 
autologous reconstruction after PMRT. Patients who undergo 
free-flap reconstruction with a recent history of radiation ther-
apy may have higher rates of intraoperative vascular compli-
cations, overall flap loss, and additional technical risk [23, 37].
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59.5  Breast Reconstruction After 
Radiotherapy

59.5.1  Alloplastic Reconstruction 
in a Previously Radiated Field

The faster recovery, avoidance of a donor site, and relative 
simplicity of an alloplastic reconstruction can be appealing 
to many patients. Historically, studies reported high 
complication rates in patients undergoing tissue expander/
implant-based reconstruction in a previously irradiated field 
and recommended alloplastic reconstruction be avoided in 
this setting. Tissue expansion in an irradiated chest has been 
associated with problems of underexpansion, infection, 
extrusion, and pain [10]. Radiated tissue is often unyielding, 
unpredictable, and predisposed to breakdown. Aesthetic 
outcomes are inferior when compared to alloplastic 
reconstruction in patients without a history of radiotherapy 
[38]. The reconstructed breast can be asymmetric, has 
decreased projection, and requires more secondary 
procedures, especially due to the increased rate and severity 
of capsular contractures [10] (Fig. 59.9). Pooled data from 
studies of alloplastic reconstruction either with pre- or post- 
reconstruction radiation did not show markedly different 
rates of minor complications, major complications, capsular 
contracture, and failed reconstructions (i.e., need for a flap) 
[39]. However, there was considerable variability in the 
results of the studies included, and the confidence intervals 

of the pooled estimates were wide. In their review, Momoh 
et al. noted that complication and failure rates of recent stud-
ies were lower than those of older reports [39]. The variabil-
ity in results could have been due to a combination of 
advances in expander technology, differences in surgical 
technique between institutions, alterations to radiation dos-
ing regimens, and the delivery of radiotherapy [39, 40].

Successful outcomes can be achieved in highly selected 
patients undergoing salvage mastectomy and immediate tissue 
expander/implant reconstruction following breast conserving 
therapy (lumpectomy/irradiation). Cordeiro et  al. selected 
patients based on their tissue quality, location of previous scars, 
timing of radiotherapy, and patient expectations [40]. In the 
assessment of skin and soft tissue quality, the authors recom-
mend choosing patients whose skin still exhibits some elasticity 
and has minimal to no discoloration from the irradiation [40]. 
Large or multiple scars are usually a contraindication, and the 
breast tissue must be soft or only slightly firm [40]. The mastec-
tomy flaps should be elevated and handled carefully to minimize 
complications. Their early complication rate was greater in irra-
diated than non-irradiated patients, with the most common com-
plication being mastectomy flap necrosis [40]. On the other 
hand, these patients could complete their breast reconstruction 
with a similar incidence of grade III or grade IV capsular con-
tracture and be satisfied with their final result (Fig. 59.10). The 
authors acknowledge that the overall outcome is, to some extent, 
usually aesthetically inferior to non-irradiated, but it is a safe and 
reliable option in highly selected patients [40].

a b

Fig. 59.9 Capsular contracture and poor aesthetic result in a previously irradiated patient who underwent delayed tissue expander/implant recon-
struction. (a) Lateral and (b) frontal views showing postoperative results
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We rarely recommend using a tissue expander alone in 
previously irradiated tissue. Although often technically pos-
sible, it is associated with higher complication rates. In par-
ticular, patients with questionable skin and soft tissue 
quality, unfavorable scars, or radiation in the past 2 years are 
unlikely to have a successful reconstruction using a tissue 
expander alone. For these patients, providing well- 
vascularized, soft tissue coverage of the tissue expander 
with a latissimus dorsi flap is a means to achieve very good 
to excellent aesthetic results and an acceptable rate of cap-
sular contracture [41]. The latissimus muscle is able to cover 
the expander and is compliant, nonradiated tissue that will 
more readily expand. The skin island on the flap is used to 
replace as much damaged tissue as the flap donor site can 
safely accommodate [10].

59.5.2  Autologous Reconstruction 
in a Previously Radiated Field

The timing of autologous breast reconstruction in relation to 
administration of radiotherapy is important and can consid-
erably affect the final outcome. Tran et  al. compared the 
effects of radiotherapy in immediate and delayed free TRAM 
breast reconstruction [21]. They found late complications of 
fat necrosis, volume loss, and flap contracture to decrease 
dramatically when the breast was reconstructed after radio-
therapy [21]. When evaluating the effect of pre- or post-
reconstruction radiation on pedicled TRAM flaps, Spear 
et al. proposed that TRAM reconstruction should be post-
poned in patients expected to receive postoperative radiation 

a

c d

b

Fig. 59.10 Good aesthetic result in a previously irradiated patient who 
underwent salvage mastectomy and immediate tissue expander/implant 
reconstruction for cancer recurrence following breast conservation 

therapy (lumpectomy/irradiation). (a) Lateral and (b) frontal 
preoperative views. (c) Lateral and (d) frontal views showing 
postoperative results
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[22]. They found risks of serious flap and/or donor-site com-
plications to be similar between groups. However, hyperpig-
mentation, symmetry, contracture, and aesthetic outcomes 
all had better scores in patients undergoing reconstruction 
after radiotherapy [22]. Due to the detrimental effects of 
PMRT on both chest wall tissue and autologous flaps, we 
prefer to perform delayed rather than immediate autologous 
reconstruction in women “known or expected” to require 
radiotherapy.

The autologous reconstructive options mentioned previ-
ously, abdominal- (TRAM, msTRAM, DIEP, SIEA), thigh- 
(TUG, PAP), and buttock-based flaps (SGAP, IGAP), are all 
potential options to recreate a breast mound in an irradiated 
mastectomy defect. Usually an abdominal-based flap is pre-
ferred; this tissue is best able to mimic the ptosis, shape, and 
feel of a breast mound. In the irradiated chest wall, a free 
TRAM is favored over a pedicled TRAM [10, 42]. Flaps 
from the buttock often result in a firmer, less supple breast 
due to the innate skin and subcutaneous tissue qualities from 
this region [24].

Overall flap survival is not affected by the fibrotic skin 
and soft tissue of the chest, though the probability of a suc-
cessful breast reconstruction is decreased due to complica-
tions related to the local tissue’s impaired ability to heal. 
Important technical details include excising the previous 
mastectomy scar completely [24] and replacing the scarred, 
noncompliant lower mastectomy flap using the new, healthy 
soft tissue from the abdomen, thigh, or buttock. Even in a 
previously irradiated field, autologous tissue can be used to 
reconstruct a breast mound with similar shape and ptosis of a 
natural breast and to recreate the inframammary fold 
(Fig. 59.11).

The optimal amount of time to wait between completion 
of radiotherapy and autologous reconstruction is contentious. 
Many reconstructive surgeons recommend waiting 6 months 
before delayed reconstruction to allow the radiation-damaged 
tissue to heal. Some advocate to wait at least 1 year [37], yet 
others see no significant benefit to waiting longer than 
6 months [43]. By and large, in delayed autologous recon-
structions not requiring radiotherapy, reconstruction is sug-
gested to be performed no sooner than 6  months after 
mastectomy because of immature scar formation [24].

59.5.3  Microvascular Surgery in a Previously 
Radiated Field

Early experimental studies of microvascular anastamoses in 
radiated femoral vessels of rats did not show an impact on 
arterial anastamotic patency rates but demonstrated a signifi-
cant decrease in patency rates of the venous anastamoses 

[44, 45]. In irradiated vessels, the fibrosis of the arterial 
media and intima have actually been described to improve 
the ability to handle arteries, though veins are thought to 
become more friable [10]. In head and neck reconstruction, 
prior radiotherapy as an independent risk factor for vascular 
complications in free tissue transfers is debated [46]. In 
breast reconstruction, clinical studies are beginning to quan-
tify the outcomes and complications, such as anastamotic 
failure, specific to microvascular surgery in the setting of 
previous radiation therapy [37, 46, 47]. While radiation is 
known to impair the quality of recipient vessels, the relevant 
clinical effects are likely related to perivascular fibrosis, 
which along with anastamotic and flap failure is more com-
monly observed with the thoracodorsal vessels [47]. In a ret-
rospective review, where most recipient vessels (>95%) were 
internal mammary vessels, Fosnot et  al. isolated previous 
radiation therapy as an independent risk factor for vascular 
complications in free autologous breast reconstruction [46]. 
The majority of vascular complications occurred intraopera-
tively [46], which may be a result of the increased technical 
difficulty and additional dissection that is usually more com-
mon. Temporal proximity to postmastectomy radiation may 
influence the success of microvascular surgery. Baumann 
et al. demonstrated decreased rates of microvascular throm-
bosis and total flap loss with delayed free abdominal flap 
breast reconstruction 12 months or more after the comple-
tion of radiotherapy [37].

In an immediate breast reconstruction, thoracodorsal ves-
sels are often well-exposed following axillary dissection and 
have consistent anatomy. These vessels used to be the stan-
dard recipient for most reconstructive surgeons recreating a 
breast using a TRAM flap [48]. However in the setting of 
delayed breast reconstruction post-radiotherapy, a difficult 
dissection is required in the scarred, fibrotic axillary field. 
The positioning needed to perform a microvascular anasto-
mosis in the axilla is unfavorable and sometimes technically 
challenging. In contrast, internal mammary vessels are now 
often the first-choice recipient site, especially in cases of 
delayed microvascular breast reconstruction [48]. Internal 
mammary vessels are in a consistent location, of large caliber, 
and are seldom in a scarred recipient bed, allowing more reli-
able flow across the anastamoses in delayed post-radiother-
apy reconstructions [49, 50]. In this setting, when internal 
mammary recipient vessels are deemed “unusable,” it is more 
often due to an inadequate vein or artery, whereas thoracodor-
sal vessel are usually deemed “unusable” because of exces-
sive scarring [50]. Individual surgeons have their preference 
between recipient sites, and success can be achieved with 
either option [50]. Ultimately, a microsurgeon should remain 
capable and comfortable enough to use either the internal 
mammary or thoracodorsal recipient vessels.

S. H. Voineskos et al.
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59.6  Radiotherapy and Nipple-Areolar 
Complex Reconstruction

Nipple-areolar complex (NAC) reconstruction is a safe pro-
cedure subsequent to breast mound reconstruction in patients 
who have not received radiotherapy. Conversely, NAC recon-
struction is considered by some to be contraindicated in the 
setting of expanded and irradiated skin. The postoperative 
complication rate after NAC reconstruction has been shown 
to be significantly higher in an irradiated field (41%) than the 
non-irradiated setting (6%) [51]. Some of these complica-
tions are potentially devastating, involving revision surgery 
or even implant loss.

We believe that NAC reconstruction, in the setting of 
PMRT with implant-based reconstruction, can be performed 
in carefully selected patients. Attempting this procedure for 
patients with thin mastectomy skin flaps, a history of infec-
tion at the surgical site, or a history of delayed healing/necro-
sis of the mastectomy flaps is not recommended [52]. The 
presence of moderate to severe late radiation changes of the 
mastectomy flap skin is a poor prognostic indicator [52]. At 
Memorial Sloan Kettering, good candidates are thought to 
have the following qualities: (1) resolution of acute radiation 
changes, (2) no evidence of late radiation changes, and (3) 
adequate thickness of the mastectomy skin flaps [52]. 
Patients should be assessed on a case-by-case basis, and the 
comfort level of the individual surgeon determines what is an 

a

c d

b

Fig. 59.11 Patient with delayed TRAM flap in a previously irradiated field. (a) Lateral and (b) frontal preoperative views. (c) Lateral and (d) 
frontal views showing postoperative results
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“adequate thickness.” Reconstruction of the nipple can be 
achieved using various local flaps in both autologous and 
alloplastic reconstructions. It is best to avoid attempting are-
olar reconstruction with a full-thickness skin graft, specifi-
cally in patients with an underlying prosthesis as one risks 
losing the implant. Therefore we suggest tattooing to recre-
ate the areola for implant-based reconstructions. We empha-
size that patients with a history of radiotherapy should be 
carefully selected for NAC reconstruction, an important final 
step in the recreation of a natural-appearing breast.

59.7  Authors’ Viewpoint

Patients receiving PMRT have stage 2 and 3 breast cancer 
with advanced disease. They often have a poor prognosis and 
might not be appropriate candidates for, or might not desire, 
autologous reconstruction. Immediate alloplastic 
reconstruction provides the simplest surgical solution for the 
group of patients who will need neoadjuvant/adjuvant 
chemotherapy and PMRT. We believe that motivated patients 
can achieve good outcomes, particularly if the approach we 
have outlined is followed carefully. Breast reconstruction in 
this scenario can be exceptionally worthwhile from the 
patient’s perspective. Although alloplastic reconstruction in 
the setting of radiotherapy is fraught with higher, but often 
acceptable, complication rates and lesser aesthetic outcomes, 
it should not mean it is an absolute contraindication. A 
majority of these patients are extremely grateful and remain 
satisfied with their results despite potentially marginal 
aesthetic outcomes [53]. If the patient prefers autologous 
reconstruction, we recommend delaying breast reconstruction 
until after PMRT is completed. Despite significant hurdles 
imposed by oncologic therapies, reconstructive plastic 
surgeons must strive to provide solutions for their patients 
and be prepared to rise to the challenge as treatment 
modalities continue to evolve.
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Immediate Breast Reconstruction 
in Previously Irradiated Patients

Cicero Urban, Gustavo Zucca-Matthes, Rene Vieira, 
Mario Rietjens, and Iris Rabinovich

60.1  Introduction

The oncologic benefit of radiotherapy is very well established 
in breast-conserving therapy (BCT), and it becomes an 
important cornerstone in breast cancer treatment, not only 
due to the decrease of local recurrence rate but also due to the 
reduction of mortality [1]. Despite the benefits of radiation to 
the oncologic treatment, it is well recognized that radiation 
induces damages not only to the target cells but also to neigh-
boring normal tissues as a result of either direct exposure to 
radiation or the so-called bystander effect, which refers to 
biological effects in non-irradiated cells caused by signals 
from irradiated cells. Then radiotherapy changes the normal 
architecture of breast tissue, and offers additional risk to any 
subsequent reconstruction surgery, especially when a local 
recurrence occurs and a salvage mastectomy is necessary [2].

Radiotherapy can also cause endarteritis, which leads to a 
less vascularized bed. It is potentially damaging if further 
intervention is necessary because ischemia alters the local 
resistance to infection. Furthermore, the reduced lymphatic 

drainage, resulting from the actinic lymphangitis, favors the 
accumulation of fluids. Finally, many patients develop a cer-
tain degree of breast fibrosis a few months after the end of 
radiotherapy, which prevents the expansion of the tissue with 
temporary or definitive expanders. Due to these factors, 
autologous flaps are generally indicated for previously irra-
diated breast cancer patients.

Although autologous breast reconstruction with myocuta-
neous flaps is usually the first option in the irradiated breast, 
in the last years the use of implants in this situation has con-
siderably increased. In 2015, Agarwal et al. evaluated a total 
of 5481 female patients from the Surveillance, Epidemiology, 
and End Results (SEER) database from 2000 through 2010, 
who underwent radiation and breast reconstruction. The 
authors showed that the percentage of specified reconstructed 
patients in the United States who were reconstructed with 
implants only increased from 29% in 2000 to 52% in 2010 
(p < 0.001), while over the same time period, the percentage 
of reconstructed patients reconstructed with autologous tis-
sue generally decreased from 55% to 32%. Combined autol-
ogous tissue with implant techniques reconstruction 
remained stable at an average of approximately 13% [3].

After BCT, the use of implants is controversial due to the 
damaging effects of radiotherapy on soft tissues. An increased 
risk of reconstruction failure, wound complications, and 
severe capsular contracture when radiotherapy accompanies 
breast reconstruction was reported in previous series [4, 5].

The purpose of this chapter is to establish an algorithm for 
breast reconstruction after recurrence of breast cancer in 
patients previously exposed to BCT and irradiation.

60.2  Implants

A high percentage of capsular contractures and postoperative 
complications in reconstruction with implants when adju-
vant radiotherapy is used have been reported. Due to a more 
intensive inflammatory response, there are reports of pain, 
distortion, and capsular contracture in approximately 30% of 
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the patients during long-term follow-up. There are also 
reports of implant displacement, implant exposure, poor aes-
thetic outcomes, and high rates of implant removal [6–12].

More recently this paradigm—to not use implants when 
radiotherapy is present or planned—had been challenged by 
reports of good to excellent results in breast reconstruction 
despite the previous use of radiotherapy or its application 
after reconstruction [7, 13], and the use of an implant-based 
reconstruction in a previously irradiated breast has dramati-
cally increased [3]. However, as long as some authors 
describe favorable experiences of reconstruction after radio-
therapy, others are still opposed to that procedure due to the 
higher rates of complications in this group.

Cagli et al. analyzed surgical outcomes, complications, satis-
faction, and well-being in 10-year experience of two- stage 
implant breast reconstruction after salvage mastectomy in previ-
ously irradiated breast. The patients were divided into two 
groups: group A (study group) included 30 patients submitted to 
salvage mastectomy after local recurrence in previously irradi-
ated breast. Group B (control group) included 53 patients who 
were submitted to primary radical mastectomy. The median 
follow-up time was 36 months (12–144 months). In the group 
A, the median time from RT to reconstruction was 24 months 
(9–192 months). The overall rate of complications was not dif-
ferent between the two groups (66.6% vs 58.5%). However, the 
major complications occurred mostly in the irradiated group 
(53.3% vs 32%, p = 0.07). The group A patients had a signifi-
cantly higher risk of grade III–IV capsular contracture (RR 
3.75, p = 0.02) and of autologous salvage reconstruction (RR 
10.4, p = 0.02). In the analysis of postoperative satisfaction with 
BREAST-Q postoperative module, psychosocial well-being, 
sexual well- being, physical well-being, satisfaction with breast, 
satisfaction with outcomes, and total satisfaction achieve a 
higher score in the control group. The total satisfaction results 
were 65 ± 9, in the group A, and 83 ± 10, in the group B [14].

In 2014, a total of 26 studies were selected for a system-
atic review of complications of implant-based breast recon-
struction in order to compare the results from patients 
submitted to radiotherapy prior to reconstruction surgery, 

predominantly for breast conservation therapy, to patients 
submitted to radiotherapy post-reconstruction surgery either 
after placement of tissue expanders or after implant place-
ment. Complication rates were not significantly different 
between patients submitted to radiotherapy before or after 
reconstruction. Reconstruction failures were considered if 
implants have to be taken out, replaced with flaps, or revised 
with the addition of a flap, and there was no difference 
between the pre (19%)- and post (20%)- reconstruction radi-
ation. The incidence of severe capsular contraction was high 
in both groups and also not significantly different between 
the groups (25% in the pre-reconstruction radiation group 
versus 32% in the post-reconstruction group). Thus although 
the complication rates were elevated in both groups, there 
were no difference if the radiotherapy was done before or 
after the breast reconstruction [15].

In a previous series from the Our Lady of Grace Hospital 
Breast Unit in Curitiba (Brazil), it was reported three cases of 
one-stage breast reconstruction in patients who previously 
underwent a quadrantectomy followed by radiotherapy and 
presented with local recurrence. All of them underwent skin-
sparing mastectomy followed by one- stage immediate breast 
reconstruction with anatomic profile implants. After an aver-
age follow-up of 16 months, no evidence of capsular contrac-
ture was noticed, the aesthetic results were stable, and the 
patients did not present with early or late complications. The 
authors suggest that the success in these patients could be due 
to the association of a selection of the patients with no breast 
fibrosis after radiotherapy and the use of anatomic implants 
smaller than the original size of the irradiated breast. 
Immediate breast reconstruction with implants in this well-
selected group of patients needs to be tested in a large series 
in order to confirm these preliminary results [12] (Fig. 60.1).

To improve the results with the implant-based reconstruc-
tion after radiotherapy, a good muscular coverage of the pros-
thesis is necessary. Acellular dermal matrix (ADM) has been 
employed to create an inferior pocket for the tissue expander 
and allow for quicker tissue expansion with better coverage 
and definition of the lower pole of the breast, in the two-stage 

a b c d

Fig. 60.1 Preoperative (a and b) and postoperative (c and d) views of 
a 62-year-old patient with a local recurrence after breast-conserving 
therapy 8 years earlier in the left breast. 12 months of postoperative 

surgery with one-stage breast reconstruction with implant and 
contralateral breast reduction for symmetry
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reconstruction, but the cost of this material still limits its use 
[16, 17]. The use of ADM has resulted in decreased time to 
second-stage reconstruction, decrease number of expansions 
necessary, and increased total expander volume at initial 
operation. Other benefits include the decrease in inflamma-
tion, resulting in less capsular contracture.

In 2016, at the Our Lady of Grace Hospital Breast Unit, it 
was first described the use of bovine pericardium in an 
82-year-old patient previously submitted to radiotherapy and 
now submitted to skin-sparing mastectomy who was referred 
to implant-based reconstruction but during the surgery did 
not have a suitable pectoral muscle to cover the prosthesis. 
Then a bovine pericardium from Braile Biomedica was used 
to protect the prosthesis [18]. A previous study has described 
the use of Veritas® bovine pericardium in a retrospective 
analysis of 54 patients in 93 immediate breast reconstruc-
tions with a complication rate of 21.5% [19]. The bovine 
pericardium from Braile Biomedica is normally used in car-
diac surgery but has never been used for breast reconstruc-
tion before. There was no complication nor capsule 
contraction observed in a period of 18 months of follow-up 
of this patient.

60.3  Flaps

The description in 1977 of the latissimus dorsi musculocuta-
neous (LD) flap for breast reconstruction introduced another 
important option for autologous tissue reconstruction in 
patients after mastectomy [20]. Until the description of the 
transverse rectus abdominal muscle (TRAM) flap in 1982 
[21], the use of autologous tissue for reconstructions was 
closely linked with breast implants. TRAM flap provided a 
relatively easy technique for acquiring ample tissue for shap-
ing and skin coverage in most reconstructions. When a large 
amount of skin replacement is required, it is the preferred 
technique.

Previously irradiated patients ranged from a mastectomy 
defect with minimal radiation changes to frank skin necrosis. 
The coverage is the primary purpose for the latter group, and 
the reconstructive operation becomes an aesthetic procedure 
in the former. For the reconstructive surgeon, there are two 
major areas of concern after radiation treatment:

• The recipient bed
• The flap’s vascular pedicle

Breast reconstruction with a TRAM flap after radiation 
therapy is reasonable and should remain as the first choice 
for most patients, although multivariable logistic regression 
analysis showed both obesity and prior radiation to be asso-
ciated with an increased risk for fat necrosis [22].

The bipedicled flap should be used when possible to allow 
for sufficient tissue for reconstruction after resection of the 
radiated recipient site and provide improved blood supply to 
a vascular impoverished recipient bed [22]. However, using a 
bipedicled flap in the irradiated patient does not prevent the 
incidence of fat necrosis. The rate of fat necrosis suggests 
some compromised blood flow to the subcutaneous fat, pos-
sibly from partial obstruction of the internal mammary artery.

The largest review of irradiated patients undergoing 
TRAM flap reconstructions supports previous histologic 
studies that large vessel damage from radiation is rare and 
not prohibitive for using pedicles for flaps [22]. Moreover, 
Kroll et al., using four independent observers, compared 82 
patients with a history of previous chest wall irradiation to 
202 non-irradiated patients, in order to determine whether 
prior irradiation was associated with more frequent 
complications. Both groups underwent LD and TRAM flap 
breast reconstruction. Complications in the irradiated group 
were 39% versus 25% in non-irradiated one (p = 0.03). In the 
irradiated group, complications were more frequent with LD 
flap group (63%) than those in TRAM flap (33%; p = 0.063), 
but it was not statistically significant [23].

Although only irradiated groups were evaluated, Schuster 
et al. in a study with patient questionnaires had shown higher 
satisfaction rates with TRAM flap reconstructions than with 
LD flaps or implants in previously irradiated patients [24] 
(Fig. 60.2).

60.4  Effects of Radiation in Immediate 
Breast Reconstruction Decision

Issues concerning breast reconstruction in patients who have 
had or may potentially require radiation therapy include:

• Effect of radiation therapy on soft tissues
• Timing of irradiation in the patient presenting with breast 

cancer
• Choice of a breast reconstruction option that will produce 

optimal long-term cosmetic outcome

The effects of radiation on wound healing are extensive 
and well known, although the specific causes remain a matter 
of speculation. Early response is characterized by dry or 
moist desquamation, dependent on the dose-response of the 
host. The chronic phase is characterized by fibrosis, loss of 
elasticity, and in some circumstances a susceptibility to 
breakdown and ulceration [25].

A recent analysis was published of 277 consecutive LD 
breast reconstructions performed in 243 patients, with one- 
third being immediate reconstructions. The mean age at 
reconstruction was 50.4  years. Mean follow-up was 
47 months, and 3.6% of patients developed Baker grade III 
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capsular contracture requiring capsulotomy. Chemotherapy 
provided a protective effect (p =  0.0197) against capsular 
contracture formation. Previous radiotherapy had no 
significant influence on symptomatic capsule formation. 
Therefore their conclusion was that the use of textured, 
cohesive gel silicone implants, combined with a standardized 
surgical approach, could reduce complications in the short- 
and long-term postoperative period, independent of 
radiotherapy [26].

On the other hand, Garusi et al. [27] evaluated the use of 
LD breast reconstruction after radiotherapy. They per-
formed 63 LD flaps with implant reconstructions between 
2001 and 2007. All of them were performed in breast can-
cer recurrence cases after breast conservative treatment and 
then preceded to total mastectomy. The capsular contrac-
tion Baker’s grade III was observed in two cases (3.1%). 
The rest were grade I–II, and there were no grade IV con-
tractures. They proposed that LD flaps with implants can be 
performed in irradiated breasts with a low capsular contrac-
ture rate.

The same European Institute of Oncology group [28] per-
formed an interesting study addressing whether there is any 

difference in the evaluation of cosmesis according to the 
gender and specialization of the observer. Fifty-two photo-
graphs of the patients who had undergone TRAM recon-
struction for breast cancer were divided into three groups 
according to treatment (TRAM alone, TRAM  →  RT, 
RT  →  TRAM) and were evaluated by 21 specialists, 10 
males and 11, females from different areas: radiotherapy, 
breast surgery, and plastic and reconstructive surgery. A sig-
nificantly worse score was registered in the TRAM → RT 
group compared with the other groups.

In the last few years at the Department of Mastology and 
Breast Reconstruction of the Hospital de Cancer de Barretos, 
45 cases of autologous flaps with or without radiotherapy 
were performed. The LD flap was indicated in 29 cases, 10% 
of them before radiotherapy, aiming to reshape large 
quadrantectomies. The comparison between the cases 
reconstructed before and after the radiotherapy revealed 
unsatisfactory results in 66% for the first group. TRAM flap 
was performed in 16 patients. The poor results with flaps and 
implants occurred in 26.66% of cases, the rate of capsular 
contracture being 52.2% in irradiated patients versus 16% in 
non-irradiated ones.

a

e f g

b c d

Fig. 60.2 Preoperative (a–c) and postoperative view (d–g) of a 
59-year-old patient with an extensive local recurrence after breast- 
conserving therapy 4  years earlier in the left breast. 12  months of 

postoperative surgery with one-stage breast reconstruction with a 
bipedicled TRAM flap and contralateral breast reduction for symmetry

C. Urban et al.
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Regarding flap reconstruction, the quality of the skin at 
the recipient bed is important in the final decision, and it 
must be explained to the patient. One suggestion is to avoid 
flap reconstruction before radiotherapy due to a progressive 
loss of aesthetic results related to fibrosis. Complications 
after TRAM and LD flaps were more frequent in previously 
irradiated than in non-irradiated patients, probably because 
of irradiation-induced damage to the chest wall skin. These 
differences would be not enough to suggest that previous 
irradiation is a contraindication to breast reconstruction, 
instead of that it is necessary to consider flap reconstruction 
as the first choice in most cases.

A meta-analysis in 2011 selected 11 studies and a total 
of 1105 patients examining postoperative morbidity fol-
lowing immediate or delayed breast reconstruction com-
bined with radiotherapy. Autologous flaps resulted in less 
morbidity than implant-based reconstruction. Although 
they did not address the specific case of previous radiother-
apy in BCT, comparing immediate versus delayed recon-
struction with autologous flaps in irradiated patients after 
mastectomy, they did not find statistically significant mor-
bidity differences [29].

Cordeiro et  al. [30], from Memorial Sloan-Kettering 
Cancer Center, in a timely paper, retrospectively describe 
their experience with immediate two-stage implant-based 
reconstruction in 121 patients who had previously under-
gone radiation therapy to a breast-conserving treatment. 
They compared complications, aesthetic outcomes, and 
patient satisfaction with 1578 patients who had undergone 
the same surgery, but not undergone radiation therapy. It 
was reported a significant higher incidence of postopera-
tive early (29% versus 15%; p ≤ 0.001) and late complica-
tions in the irradiated group and a poorer aesthetic 
outcome. The most frequent early complication in both 
groups was mastectomy flap necrosis (18% versus 7.7%; 
p < 0.01). But they concluded that with a careful selection 
of the patients, implant-based breast reconstruction is 
acceptable, with a slightly higher incidence of capsular 
contracture grades III and IV (10.6% versus 6.3; p = 0.2) 
and despite a higher incidence of postoperative complica-
tions. Patient satisfaction did not differ between the two 
groups, and most of irradiated patients had good or very 
good results, whereas most non-irradiated patients had 
excellent results (p = 0.04).

In 2016, a systematic meta-analysis addressed the benefit 
of the use of the LD flap to coverage the prosthesis in the 
irradiated field. Thirty-one studies involving 1275 breast 
reconstruction were included. Six studies compared implant 
loss rates for LD-assisted implant reconstruction versus 
implant-only reconstruction. The LD-assisted reconstruction 
presents the lowest incidence of implant loss (5%), comparing 

with a 15% implant loss with submuscular-only reconstruction 
(p < 0.001). Subgroup pooled incidences of complications 
by the different reconstructive techniques demonstrated 
statistically lower rates of wound infection with LD-assisted 
reconstruction (4%) versus implant-only reconstruction (6%, 
p = 0.007). Reoperation rate was also significantly lower in 
the LD-assisted reconstruction group versus implant-only 
(15% vs 33%, p < 0.001) [31].

In 2017, Chetta et al. compared the morbidity associated 
with implant and autologous breast reconstruction in 4781 
patients submitted to radiotherapy and breast reconstruction. 
Each patient has a 15-month follow-up to enable the identifica-
tion of complications and reconstruction failure. Eighty percent 
of the sample (3846) was submitted to implant-based recon-
struction, and 20% (935) underwent autologous reconstruction. 
The implant-based reconstruction group presents a much 
higher rate of overall complications (45.3%, p < 0.001), with 
reconstruction failure in 29.4% of patients, while the autolo-
gous reconstruction had a 30.8% overall complication rate, 
with failure of reconstruction in just 4.3% of patients. The 
highest probability of reconstruction failure was among patients 
with implant-based delayed reconstruction and pre-reconstruc-
tion irradiation (37.2%). The lowest probability of failure was 
among patients with immediate autologous reconstruction with 
post-reconstruction irradiation (3.5%). This study shows that 
although the implant-based reconstruction in patients previ-
ously exposed to radiotherapy has become much more com-
mon, it is still associated with significant morbidity, and failures 
of reconstruction with this technique are still high and approach 
30% in the short term [32]. Thus the implanted- based recon-
struction is associated with higher risk of complications that 
varies considerably between the studies and is still controver-
sial in the radiotherapy setting. It is important to further iden-
tify the best profile of patients who will benefit from this 
technique.

A decision flowchart used in the Hospital Nossa Senhora 
das Graças Breast Unit to this group of previously irradiated 
patients is shown on Fig. 60.3.

60.5  Conclusions

Breast reconstruction in previously irradiated patients 
represents a difficult challenge to the surgeon due to the 
higher rates of complication and reconstruction failure 
that occur in this group of patients, especially with 
implants. Flaps remain the primary option, although for 
some very well-selected patients, implants can achieve 
satisfactory results with low rates of short- and long-term 
complications.
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Breast Reconstruction After  
Aesthetic Surgery

Fabricio Palermo Brenelli and Natalie Rios Almeida

Breast cancer is the most common type of cancer affecting 
women in the world with an estimated 1.67 million new 
cancer cases diagnosed in 2012, representing 25% of all 
cancers, and causing slightly more deaths in less developed 
countries (883,000) than in more developed (794,000), 
according to the World Health Organization [1]. The 
Surveillance, Epidemiology, and End Results (SEER) 
Program of the US National Cancer Institute estimated 
246,660 new cases of breast cancer in the USA in 2016, rep-
resenting 14.6% of all new cancer cases and 40,450 deaths, 
and between 2006 and 2012, the percentage of surviving 
patients was 89.7% [2].

On the other hand, breast aesthetic surgery is the most 
popular cosmetic intervention in the USA, representing 
19.6% of worldwide breast procedures in 2015 (546,260 
cases) and probably in many other countries as well [3]. The 
breast augmentation based on implant insertion is among the 
top five cosmetic surgical procedures in the USA (290,467 
procedures), with an increase of 4% compared to 2015 and 
27% compared to 2000, according to the American Society 
of Plastic Surgeons [4].

Statistics suggests that 12.4% of women will be diag-
nosed with female breast cancer at some point during their 
lifetime [2]. Women who previously had breast aesthetic sur-
gery will obviously be at risk for breast cancer. It has been 
estimated that 45,000 women receiving breast augmentation 

each year and a smaller number of women undergoing reduc-
tion mammoplasty will develop breast cancer in their life-
time [5].

Therefore, breast reconstruction after breast aesthetic sur-
gery is at the forefront of discussion. It is a challenge for both 
the plastic and oncoplastic breast surgeon. Nevertheless, lit-
tle is known about this topic, and a good level of evidence is 
lacking in the literature. Knowledge has been mostly 
acquired from the author’s experience rather than gained 
from prospective studies.

Breast augmentation and breast reduction procedures are 
registered as aesthetic breast surgeries. However, these pro-
cedures are quite different in terms of breast tissue manipula-
tion (skin and glandular parenchyma). Therefore, distinct 
implications for breast cancer and breast reconstructive sur-
gery arise from both types of surgery, and evaluation should 
be performed separately.

For this reason, this chapter has been divided into two 
parts: breast reconstruction after breast augmentation and 
breast reconstruction after reduction mammoplasty. Each 
technique will thus be evaluated and discussed in a separate 
manner.

61.1  Breast Reconstruction After Breast 
Augmentation

As previously discussed, breast augmentation has rapidly 
become the most frequent type of cosmetic surgery since the 
approval of silicone implants by the US Food and Drug 
Administration (FDA). In the USA, since 2006, breast aug-
mentation is the top cosmetic procedure, and silicone 
implants were used in 80% of the procedures in 2015 [4].

The development of breast cancer is expected in some 
women with breast implants, but they are not associated with 
an increased risk [6]. Although some studies in rodents had 
associated the presence of foreign bodies with sarcomas, 
subsequent studies refuted this association. Indeed, many 
other studies confirmed the safety of implants regarding 
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breast cancer. The use of these implants has been currently 
cleared after many publications proved their safety in breast 
augmentation [7–10].

In several retrospective cohorts, the standardized inci-
dence ratio, computed as the number of observed breast can-
cer events divided by the expected number of events, was 
less than one, showing that there was no increased risk for 
cancer in augmented breast [11]. Besides that, the tumor 
characteristics do not vary among prior breast augmentation 
and non-breast augmentation patients, and palpability of 
tumor was more frequent in operated breasts [12].

In 2012, a large Canadian cohort has suggested that 
women with breast implants were associated to a reduced 
rate of breast cancer compared to other surgical women. It 
can be explained by a lower risk profile in augmented women 
and their presurgical screening and maybe because the 
higher-risk women are not the preferential population for 
aesthetic procedures. Other studies showed that the increased 
proportion of palpable tumors in augmented patients must be 
a consequence of higher breast/body awareness in this group, 
such as decreased breast volume, and the palpability did not 
influence the overall stage and outcome compared to non- 
augmented patients [13, 14].

Therefore, many patients with breast cancer in previously 
augmented breasts will be seen at outpatient clinics. In a 
patient without any previous surgery, the decision as to 
surgical treatment should be made differently. Reconstruction 
can be tailored to the patient, dependent on the oncologic 
approach. If breast-conserving therapy is indicated, a partial 
reconstruction will be required. In contrast, if mastectomy is 
indicated, total breast reconstruction will be necessary.

61.1.1  Partial Breast Reconstruction

Considering that recent studies have described lower nodule 
detection in augmented breasts and that the treatment with 
conservative surgery is the gold standard for patients with 
early breast cancer and good proportion between breast and 
tumor sizes, it is necessary to evaluate which patients would 
benefit from the conservative surgery and also from an 
aesthetic point of view [11].

Breast-conserving therapy involves quadrantectomy asso-
ciated with radiation therapy. Despite some publications 
about a small number of patients with augmented breast and 
good cosmetic results [15, 16], this procedure has been 
correlated with poor outcome in many series, resulting in 
pain, implant exposure, and even rupture in retained breast 
implants. Guenther et  al. [16] published that 85% of the 
patients undergoing quadrantectomy and radiotherapy after 
augmentation surgery had good cosmetic outcome. The 
authors suggested that capsular contracture is less common 
when the implant is positioned in the submuscular space.

On the other hand, capsular contracture was a very fre-
quent finding in this patient group, according to many 
authors, resulting in poor cosmetic results. More than half of 
the patients required a second or third surgical correction or 
even mastectomy. These complications usually resulted from 
radiotherapy. Tumor size and location, in addition to scarce 
remaining glandular tissue, may have contributed to an 
unnatural result [15–17]. Complications are shown in 
Figs. 61.1 and 61.2.

Patients who are candidates for partial breast irradiation 
(PBI), especially those who are candidates for intraoperative 
radiation therapy (IORT), could benefit from lumpectomy 
and implant maintenance [18]. Despite the paucity of evi-
dence, this could be a good option for resection alone and 
local glandular flap partial reconstruction (Fig. 61.3).

Fig. 61.1 Capsular contracture and skin alteration after augmented 
breast treated with lumpectomy and radiotherapy

Fig. 61.2 Capsular contracture and asymmetry after mammoplasty 
with implant and radiotherapy
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In a single institute experience (European Institute of 
Oncology), in case of augmented women, all of the subglan-
dular implants were removed during the quadrantectomy, 
and, after the IORT, they were replaced at the submuscular 
plane. When augmentation was done at the same time of the 
oncological surgery, the implant was directly positioned 
behind the pectoralis major muscle. Comparing capsular 
contracture in the irradiated breast after replaced implant and 
contralateral breast with implant and no irradiation, there 
was no significant increase of contracture after targeted irra-
diation and 0.76% of local recurrence rate and death, show-
ing oncological safe with IORT in selected patients [11].

Breast-conserving therapy with implant removal is a less 
desirable option. Women receiving breast augmentation 
often have scarce breast tissue, which is actually why many 
undergo this procedure. In addition, it has been shown that 
the presence of an implant results in thinning of the stretched 

overlying breast tissue over time. One study reported that 
native breast tissue comprised 50% of overall breast volume 
[19, 20]. Therefore, this is a suitable option only for a very 
small group of patients who have a considerable amount of 
remaining tissue. In these cases, mammoplasty techniques 
should be used such as a T-/Wise-pattern or vertical scar 
technique (Lejour’s technique) to adjust excess skin when 
necessary. Figure  61.4 shows a flowchart for decision- 
making regarding augmented breast surgery and oncologic 
surgery.

61.1.2  Total Breast Reconstruction

As previously discussed, mastectomy and immediate recon-
struction seems to be the best treatment for breast cancer 
patients with preexisting breast augmentation [21–23]. 

a

c

b

Fig. 61.3 (a) Lumpectomy after implant removal and inferior pedicle mammoplasty. (b) IORT at tumor bed. (c) Final result after lumpectomy 
and implant reinsertion (new implant)
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Decisions on the type of reconstruction should be made 
according to local conditions following mastectomy and 
patient’s shape. If a large amount of skin needs to be removed, 
reconstruction with autologous tissue is more suitable, e.g., a 
TRAM or DIEP flap. Latissimus dorsi (LD) flap with an 
implant is also a good option for these cases. Extended LD 
without an implant would probably not be a good option, 
since patients usually hope for a reconstructed breast that is 
the same size as before. Employing this technique, it is dif-
ficult to achieve the desired result. However, the choice of 
technique can be challenging, because the majority of aug-
mented women have lower body index mass and may not 
have the necessary tissue for flap-based reconstruction [24].

In contrast, if the native skin can be preserved, a skin- 
sparing mastectomy (SSM) or nipple-sparing mastectomy 
(NSM) is performed. Reconstruction can easily be performed 
with a single-stage implant (implant or definitive breast 
expander) or a two-stage implant (tissue expander plus 
implant exchange). When choosing implant-based recon-
struction, it is critically important to evaluate the quality of 
both the skin and muscles (pectoralis major and serratus).

As shown in previous chapters, adequate implant recon-
struction is performed with a good muscular pocket that par-
tially or completely covers the implant. In a partially covered 
implant where the skin is compromised, the implant can be 
exposed and should be removed. The possibility of inferior 
pole coverage with the capsule formed by the implant in aug-
mented breast, like a pectoralis major muscle extension, can 
improve the new implant pocket. More recently, the use of 
acellular dermal matrices (ADM) can also provide a better 
coverage for the implant and a lower capsular contracture 
grade with better outcomes [24, 25].

Definitive implant reconstruction is desirable in patients 
requiring a large amount of skin removal. The reason is that 
it is a faster technique with no donor site complications [26, 
27]. In a previously augmented breast, skin coverage is rarely 
a problem, and good cosmetic results can be achieved.

The need for adjuvant radiation therapy may play an 
important role in reconstruction preference. Although some 
authors strongly contraindicate reconstruction due to a high 
complication rate (up to 70–90%) [28], good results have 
been achieved by many other authors, showing up to 80% of 

Augmented Breast
and Breast Cancer

Small Tumour

Considerable
Glandular Tissue

Removal of Implant
and Mammoplasty Indication of IORT?

Yes

Lumpectomy and
Partial

Reconstruction

Lumpectomy and
Radiotherapy

Complication

Mastectomy and
Reconstruction

Large Tumour

No

Small amount of
glandular tissue

Fig. 61.4 Flowchart on surgical decision of augmented breast and lumpectomy
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patient satisfaction [29]. Indeed, we recommend implant 
reconstruction whenever feasible, even in a scenario of adju-
vant radiation therapy. Figures 61.5, 61.6, and 61.7 show the 
results of breast reconstruction, with and without radiation 
therapy.

Tumor location and skin incision are of major importance 
to surgical outcome. Skin or nipple areola complex (NAC) 
necrosis can translate into reconstruction failure, if there is 
exposure of the implant. There is no study addressing the use 
of a preexisting augmentation mammoplasty incision to per-
form mastectomy. When choosing an incision, the surgeon 
must consider oncologic outcome and preexisting scarring 

which can translate into abnormality of the skin and NAC 
irrigation. Figures 61.8 and 61.9 show a periareolar approach, 
in which a preexisting scar from breast augmentation is used.

Preexisting breast surgery is a well-known factor related to 
postoperative complications. Skin incisions for augmentation 
mammoplasty are periareolar (complete or partial) in the 
inframammary fold or in the axillary line, when it is not asso-
ciated with mastopexy (vertical or inverted “T” pattern). SSM 
is performed with removal of the NAC, so the incision must 
be made in the central portion of the breast. However, when 
NSM is indicated, the incision can be made in any part of the 
breast (periareolar, inframammary, etc.). Therefore, the sur-
geon can attempt to use the preexisting scar to perform NSM.

Fig. 61.5 Left breast capsular contracture after mastectomy and 
implant reconstruction in a breast augmented patient followed by radio-
therapy (Rtx)

Fig. 61.6 Left breast implant-based reconstruction after left nipple- 
sparing mastectomy (NSM) in an augmented patient with RTx

Fig. 61.7 Bilateral implant-based breast reconstruction after bilateral 
NSM in an augmented patient with no RTx

Fig. 61.8 Periareolar mastectomy and reconstruction in previous aug-
mented patient with NAC partial suffering
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To predict surgical outcome relative to surgical access for 
mastectomy and reconstruction, an analogy was made 
between studies evaluating NSM incisions according to out-
come. Wijayanayagam et  al. showed that a radial incision 
and inframammary fold incision (in not overly large breasts) 
are good options with a low risk of NAC or skin necrosis 
[30]. Algaithy et al. showed a low risk of necrosis with super-
olateral radial incision and a high risk of complications with 
circumareolar and periareolar incision [31]. Figure  61.10 
shows a radial approach to mastectomy and reconstruction in 
a patient with periareolar breast augmentation.

Therefore, a complete periareolar incision or large cir-
cumareolar incision should be discouraged. Inframammary 
fold incisions should be performed in selected cases and only 
in patients with small breasts. A periareolar 180° incision 
can be performed, although the risk of wound dehiscence 
and skin necrosis is higher due to direct skin traction during 
surgery. Table 61.1 shows the risk of skin and NAC necrosis, 
according to incision and breast size.Fig. 61.9 Periareolar bilateral mastectomy and reconstruction in pre-

vious augmented patient with no complication

Fig. 61.10 Patient with periareolar breast augmentation and capsular contracture in the preoperative period and postoperative period of left breast 
mastectomy and reconstruction using radial scar and right breast implant exchange
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Considering the previous augmented breast, some authors 
describe that these patients may have a lower risk of skin flap 
necrosis after mastectomy because the vascularity is 
improved after the prior disruption of some vascular perfora-
tors from the pectoralis and breast tissue [24].

Another issue that should be opened for discussion is 
whether the implant should be exchanged during surgery or 
the old implant maintained. Many authors consider that 
implant exchange is mandatory when the implant is located in 
the subglandular space because it must be removed for ade-
quate patient treatment. Other considerations that are clearly 
in favor of implant exchange are implant rupture, capsular 
contracture, infection, and poor cosmetic result [21, 22]. Few 
publications have advocated the possibility of maintaining a 
preexisting implant in case of a new generation implant 
located in the submuscular space [32]. Actually, this should 
be an exception rather than the rule, applied only to strictly 
selected cases. Figure 61.11 shows a flowchart of decisions 
on augmented breast and total breast reconstruction.

Table 61.1 Risk of skin and NAC necrosis according to skin incision 
pattern in mastectomy and breast volume, based on published data [30, 31]

Incision Large breast Medium/small breast
Complete periareolar High risk High risk
Periareolar 180° Moderate risk Moderate risk
Circumareolar High risk High risk
Radial Low risk Low risk
Inframammary fold High risk Low risk

Mastectomy in
Preexisting

augmentation

Good amount and
quality skin?

Yes

No

Implant based
reconstruction

Signs of skin or NAC
Suffering?/bad

muscular coverage?

No

Yes

Definitive implant
or definitive
expander

Failure

Two stage
reconstruction

Good quality of old implant
and good volume and

submuscular position with no
contracture and good cosmesis

Consider possibility
of maintain old

implant

YesNeed for adjuvant
radiotherapy?

Autologus breast
reconstruction

No

Fig. 61.11 Flowchart of indications of breast reconstruction after mastectomy in augmented patients
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61.2  Breast Reconstruction After Breast 
Reduction Mammoplasty

As previously discussed, breast reduction mammoplasty is 
the fifth most common cosmetic intervention in the USA. A 
considerable number of patients undergoing this procedure 
will develop breast cancer at some time in their lives. The 
procedure per se already reduces the risk for breast cancer. 
Some studies have shown up to 50% reduction in breast can-
cer risk [33].

Considering the high prevalence of breast reduction sur-
gery, a likely scenario encountered by the oncoplastic sur-
geon is breast cancer in a glandular parenchyma subject to 
many changes and skin scarring that may lead to vascular 
pattern abnormality. Despite the lack of specific studies con-
cerning these abnormalities, it is a well-documented fact 
that previous mammoplasty is associated with minor and 
major postoperative complications, e.g., wound breakdown, 
fat and glandular necrosis, skin necrosis, and loss of the 
NAC [34, 35]. Although mammoplasty is a widely accepted 
procedure, it is associated with up to 42–50% of complica-
tions in some series. Major complications include skin and 
NAC necrosis, leading to reoperation ranging in rate from 
5% to 15% [35].

Therefore, patients with preexisting mammoplasty and 
breast cancer undergoing large resections or mastectomy for 
cancer who require reconstructive surgery should be particu-
larly and conscientiously evaluated. Counseling should be 
offered to these patients regarding the most common postop-
erative complications.

61.2.1  Partial Breast Reconstruction

Partial breast reconstruction can be performed with local 
glandular remodeling or major remodeling, including der-
mal-glandular flaps with mammoplasty techniques. In the 
first situation, a low complication rate is found, unless large 
undermining has occurred and fatty tissue has more likely 
suffered necrosis (Fig. 61.12). Therefore, fatty breasts should 
be treated with minor undermining for the correction of 
defects, especially in patients with previous breast 
reduction.

If a large resection is required or the tumor is located in a 
quadrant where the aesthetic outcome can be unnatural, i.e., 
the internal or inferior quadrants, then a mammoplasty tech-
nique will be necessary. Studies with substantial evidence 
correlating preexisting mammoplasty with oncoplastic sur-
gery are lacking. However, it is known that consecutive 
breast surgery may lead to an increased risk of complica-
tions. Therefore, we used data from studies evaluating risk 
factors for mammoplasty to estimate the risk of complica-
tions in partial breast reconstruction. Table 61.2 shows the 
risk factors for mammoplasty. In these patients, preexisting 
breast reduction per se raises the complication risk. 
Cumulative risk factors increase the rate of these 
complications.

Irrespective of whether mammoplasty or mastopexy is the 
technique of choice for correction of the breast defect, it is 
crucially important to know which technique was previously 
used. Despite the lack of evidence, we strongly discourage 
the use of different patterns of mammoplasty in oncoplastic 

Fig. 61.12 Fat necrosis of the breast after extensive glandular undermining in oncoplastic partial reconstruction, in a patient with previous mam-
moplasty and tumor in the infero-lateral quadrant
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reconstruction than those used in the previous surgeries, i.e., 
use of an inferior pedicle after a superior pedicle mammo-

plasty. Although the vascular autonomization phenomenon 
occurs, NAC vascularization may be compromised when a 
different pedicle pattern (inferior pedicle after a superior 
pedicle) is used. Necrosis is a proclaimed complication that 
affects aesthetic and oncologic outcome. Delayed healing 
can postpone adjuvant therapy.

Figure 61.13 shows a satisfying result after mammoplasty 
and partial reconstruction with a new mammoplasty.

Figure 61.14 shows a patient that underwent three mam-
moplasties for aesthetic reasons and a bad outcome with 
NAC necrosis after mammoplasty for cancer.

Table 61.2 Risk factors for complications after mammoplasty

Risk factor Risk of complication
Previous surgery Medium/high
Heavy smoker High
Obesity (BMI > 35) High
Large resections (>1000 g) High
Diabetes (uncontrolled) High
Age (>50 years) Low/medium

Fig. 61.13 Oncoplastic mammoplasty (superior pedicle breast reduction with excision of the tumor in the lower quadrant and SNB) in a patient 
with previous mammoplasty

Fig. 61.14 Bilateral NAC necrosis after oncoplastic mammoplasty for a tumor located in the upper quadrant of the left breast. Patient had under-
gone three mammoplasties before this procedure
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Therefore, a good medical history and discussion with the 
patient are critically important for outcome prediction. The 
obligation of a surgeon is to choose the most suitable tech-
nique for oncoplastic surgery. If a high complication risk is 
expected (Table 61.2) and the lesion is located in the quadrant 
where the NAC vascular pedicle was previously based, or if 
the previous technique is unknown, minor surgery should be 
performed, or another technique should be applied. A free 
NAC graft or even mastectomy with reconstruction should be 
considered in these cases. Figure 61.15 shows the deciding 
steps in partial breast reconstruction after mammoplasty.

61.2.2  Total Breast Reconstruction

The principles of total breast reconstruction in patients with 
previous reduction mammoplasty are quite similar to total 

reconstruction after augmentation mammoplasty described 
in this chapter.

On the other hand, the choice of mastectomy reconstruc-
tion technique should be based on particularities of previous 
reduction mammoplasty. As already discussed, previous scars 
can lead to a higher risk of complications, especially in NSM 
and reconstruction [26, 28, 31]. Therefore, NSM and SSM 
may pose a higher risk for these patients, owing to larger and 
multiple skin scars caused by reduction mammoplasty.

Despite the paucity of evidence, we recommend obtain-
ing a very good medical history, considering NSM in low-
risk patients (Table 61.2). Incision must preferably be made 
in a preexisting scar, e.g., a periareolar, periareolar extended 
to a vertical scar, or a horizontal scar in the inframammary 
fold. The risk of complications according to scar position is 
listed in Fig. 61.11 and could be used for preoperative risk 
analysis.

Previous
mammoplsty and

brast cancer

Large resection
needed or tumor in

odd position

yes

yes

Low

mammoplasty
technique

NAC free graft
technique

Mastectomy and
reconstruction

High

No

Minor resection

Risk Factor

Known technique
used in previous
mammoplasty?

no

Fig. 61.15 Flowchart of surgical decision about partial breast reconstruction in patients with previous mammoplasty
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Reconstruction technique will once again depend on patient’s 
choice, the amount of viable skin available, and preservation of 
the pectoralis major and anterior serratus muscle. In addition, 
adjuvant treatment can also influence decision about the tech-
nique. If radiation therapy is indicated, delayed reconstruction 
or autologous reconstruction can be a choice instead of an 
implant-based reconstruction (definitive or temporary implants).

A good alternative for this patient group is skin-reducing 
mastectomy with anatomic implant reconstruction, initially 
described by Nava, MB [36]. Since many patients undergo-
ing reduction mammoplasty still have large breasts after sur-
gery with ptosis frequently recurring over time, this technique 
reduces excess skin and corrects ptosis. Therefore, it is pos-
sible to use a definitive anatomic implant. With this tech-
nique, previous mammoplasty scar is removed since a Wise 
skin pattern resection is used.

Figures 61.16 and 61.17 show breast reconstruction with 
implant after mammoplasty using a preexisting mammo-
plasty scar, with and without the compromised areola. 
Figures 61.18 and 61.19 show a skin-reducing mastectomy 
after reduction mammoplasty with good results and one with 
postoperative complications.

61.3  Conclusion

Breast aesthetic surgery is the most popular plastic surgery 
performed in the USA and probably in many other countries 
as well. As the technique becomes easier and technology is 
used to spread knowledge, more skilled surgeons can offer 
this treatment to patients. With cost reduction, an increasing 
number of women will be able to afford the procedure.

Fig. 61.16 Left NSM and reconstruction with implant using periareolar incision in a previous reduction mammoplasty. Note the partial areolar necrosis

Fig. 61.17 Bilateral NSM and reconstruction using the preexisting reduction mammoplasty incision. Patient had a history of breast reduction and 
posterior implant insertion
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Breast, plastic, and oncoplastic surgeons will increasingly 
evaluate patients with breast implants or breast reduction and 
cancer. As previously discussed, this type of patient is differ-
ent from a regular patient and deserves closer attention. In 
addition to optimal oncologic control, these patients expect 
good cosmetic results from the oncologic and reconstructive 
surgical team. Surgeons and patients must discuss indica-
tions, outcome, and complications thoroughly.

Patients should gain informed knowledge about surgical 
options and how to cope with good and bad results.
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Thoracic Wall Reconstruction in Local 
Recurrences and Advanced Cases

Lorenzo Spaggiari, Francesco Petrella, 
Alessandro Pardolesi, and Piergiorgio Solli

62.1  Introduction

The incidence of local recurrences after mastectomy and 
breast-conserving therapy ranges between 5% and 40%, 
depending on risk factors and primary therapy [1].

The first-line treatments in recurrent breast cancer are 
endocrine therapy for patients with estrogen or progesterone 
receptor-positive cancer and chemotherapy for patients with 
receptor-negative cancers [2–4].

However, local therapies such as radiotherapy or surgery 
may be required in selected cases for local disease control 
and palliation of disabling symptoms like pain, bleeding, 
ulceration, malodorous secretion, infection, and fungating 
lesions [5, 6].

On the one hand, locoregional recurrence of breast cancer 
following breast surgery may be a systemic disease, and in 
many patients it tends to occur at the same time as distant 
metastases, making the indication for surgical resection 
questionable [7, 8]. On the other hand, although the primary 
goal of chest wall resection is to achieve local tumor control, 
it may lead to long-term palliation and even cure for a small 
subset of patients with isolated chest wall recurrence of 
breast cancer after multimodal treatment failure [9].

We argue that although the primary goal of chest wall 
resection is to achieve local control of the tumor, potentially 

leading to long-term palliation, another result may be cure in 
a small subset of patients with isolated chest wall recurrence 
of breast cancer [10].

62.2  Oncologic Aspects

Despite major therapeutic advances, recurrent breast can-
cer is still a lethal disease in most patients. Isolated local 
recurrences are thought to represent about 20% of all recur-
rences, while local disease, in combination with either 
regional or distant recurrences, represents a further 3% 
[11]. The majority of locoregional recurrences occur as iso-
lated chest wall disease, and only a small proportion pres-
ent with concurrent systemic disease or following distant 
metastases [12, 13].

Although palliation rather than prolongation of survival is 
usually the main aim of chest wall resection, some studies 
found that a small subset of patients would have a long dis-
ease-free interval and possibly cure after chest wall resection 
and reconstruction [14, 15].

Our results confirm existing evidence that surgery is 
indicated in patients who have isolated breast cancer 
recurrence, even when surgery means chest wall resection 
[16]. Moreover, adjuvant radiotherapy and e for estrogen 
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receptor-positive tumors e adjuvant hormone therapy is 
indicated [17].

In a correctly selected group of patients undergoing chest 
wall resection after local recurrence of breast cancer, the 
primary goal is to regain local control regardless of the extent 
of disease. Some of these patients, in fact, will present with 
painful, infected, ulcerated, or fungating lesions that cause a 
great distress to the patients [18]. Treatment with radiotherapy, 
systemic therapy, and surgery, alone or in combination, can 
help to achieve local control [10].

On the basis of the existing literature, we may argue that 
complete resection with free margins is recommended as the 
first choice for treatment in recurrent breast cancer. In fact, 
local recurrence has to be regarded as a repeated episode of 
a disease with an increased risk of subsequent metastases 
and not vice versa [10] (Table 62.1).

The curve of metastatic incidence might be flattened or 
reduced markedly by a radical resection with sufficient 
safety margins [18].

Risk factors affecting long-term survival are a diameter of 
the local recurrence greater than 1.5 cm, disease-free interval 
of less than 2 years, skin incision, initial tumor stage, and 
positive lymph nodes [19].

62.3  Technical Aspects

Here we report the case of a 77-year-old patient who sub-
mitted to left radical mastectomy and radiotherapy 
35 years earlier, presenting with a recently infected and 
ulcerated left parasternal lesion (Fig. 62.1). Preoperative 
computed tomography confirmed soft tissue involvement 
as well as sternal plane deep contact, although no clear 
neoplastic tissue was obtained by preoperative biopsy 
(Fig. 62.2).

Operative plan considered soft tissue wide excision 
and deep sternal tissue biopsy: in case of neoplastic dis-
ease, complete sternectomy and prosthetic reconstruction 
would have been performed; in case of infection and 
necrosis—without neoplastic involvement—sternal shav-
ing without the need of reconstruction would have been 
offered to the patient; in both case muscular reconstruc-
tion would have been performed to close chest wall 
defect.

Circular incision including all the infected tissue was per-
formed, reaching the sternocostal plane (Figs.  62.3, 62.4, 
and 62.5).

Table 62.1 Literature review

Authors Years
Number of 
patients

Five-year 
survival (%) Country

Miyauchi et al. 
[20]

1992 23 48 Japan

Dahlstrøm 
et al. [21]

1993 98 56 Denmark

Mora et al. [22] 1996 69 72 USA
Faneyte et al. 
[14]

1997 44 45 Netherlands

Downey et al. 
[23]

2000 38 18 USA

Henderson 
et al. [24]

2001 61 24 Australia

Moran et al. 
[25]

2002 53 55 USA

Friedel et al. 
[26]

2005 51 41 Germany

Veronesi et al. 
[5]

2007 15 19 Italy

Friedel et al. 
[18]

2008 63 46 Germany

Santillan et al. 
[9]

2008 28 18 USA

Petrella et al. 
[16]

2014 40(26) 68a Italy

aConsidering only patients with local radical resection (n. 26)
Fig. 62.1 Clinical presentation of a recently infected and ulcerated left 
parasternal lesion
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Shaving of the external and middle plane of the sternum was 
performed without any neoplastic tissue finding; thus full 
thickness sternal resection was skipped (Figs. 62.6 and 62.7). 
Left pleural cavity was open and then drained (Fig.  62.8). 
Rotation abdominal flap was used to close the defect (Fig. 62.9).

62.4  Conclusion

Chest wall resection and reconstruction for locally recurrent 
breast cancer is a feasible and safe procedure providing ade-
quate local disease control and an excellent palliation of very 
disabling symptoms. This approach may be advocated as an 
effective palliative procedure in selected patients [16]. In locally 

recurrent breast cancer, complete chest wall resection may offer 
radical control of the disease if it is performed with sufficient 
tumor-free safety margins (2–5 cm). In fact, it may offer a cure 
for a significant proportion of patients with isolated chest wall 
recurrence [10]. Patients with a long disease-free interval from 
their initial treatment and a slow clinical course may be ideal 
candidates for surgical treatments; to facilitate surgical therapy 
and to cover large chest wall defects, cooperation between tho-
racic and plastic surgeons plays a basic role [10].

Fig. 62.2 Computed tomography disclosing soft tissue involvement as 
well as sternal plane deep contact

Fig. 62.3 Circular incision including all the infected tissue was per-
formed, reaching the sternocostal plane

Fig. 62.4 Circular incision including all the infected tissue was per-
formed, reaching the sternocostal plane

Fig. 62.5 Circular incision including all the infected tissue was per-
formed, reaching the sternocostal plane
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Stem Cells in Oncoplastic Breast 
Surgery

Premrutai Thitilertdecha and Visnu Lohsiriwat

63.1  Introduction

There are many types of stem cells including embryonic 
stem cells (ESCs), induced pluripotent stem cells (iPSCs), 
mesenchymal stem cells (MSCs), and tissue-specific stem 
cells; however, clinical applications of ESCs and iPSCs are 
limited due to ethical consideration and cell regulation. 
Tissue-specific stem cells are also not really accessible and 
still in controversial for their therapeutic potential. These, 
hence, make MSCs of great interest to the field of stem cell 
therapy. This chapter establishes fundamental knowledge of 
MSCs, particularly adipose-derived stem cells (ADSCs), and 
extensive information of isolation methods and surface anti-
genic profiling of human ADSCs as well as their multilin-
eage differentiation capacity for potential utility in cell-based 
therapy. These comprehensive contents with scientific sup-
ports will help surgeons to better understand the basis of 
ADSCs and their functions before implementation into clini-
cal practices.

63.2  Basic Knowledge

63.2.1  Nomenclature for MSCs

Mesenchymal stem cells (MSCs) have been widely recognized 
as a promising cell therapy in several diseases, mainly for tissue 
repair and regeneration. A great amount of work has been dedi-
cated to isolate the stem cells and investigate their phenotypic 

characters, differentiation capacity, and possible functions for 
clinical application. MSCs can be obtained from various sources 
including adipose tissue, bone marrow, tendons, peripheral 
blood, cord blood, and fetus. However, any plastic-adherent 
cells isolated from those sources were widely called MSCs 
without concerning biologic properties of their unfractionated 
population, leading to scientifically inaccurate name and public 
confusion. The key characteristics of stem cells, therefore, were 
defined by the Mesenchymal and Tissue Stem Cell Committee 
of International Society for Cellular Therapy (ISCT). Stem cells 
have to possess plastic-adherent ability together with a specific 
functional connotation including long-term self- renewal (i.e., 
replication into many generations without losing original char-
acteristics) and multipotency (i.e., differentiation potential to 
multiple cell lineages, such as adipogenic, chondrogenic, myo-
genic, and osteogenic cells) [1].

63.2.2  BMSCs and ADSCs

Of all stem cells, bone marrow- and adipose-derived stem 
cells (BMSCs and ADSCs) are most considered as tentative 
therapeutic agents because of safety and accessibility. 
Although MSCs isolated from bone marrow have been mas-
sively studied and accepted as a gold standard for adult stem 
cells, there is still a limitation of implementing these MSCs 
into real clinical practices due to the cell harvest. A proce-
dure for BMSC collection is relatively painful, and a yield of 
MSCs from bone marrow is significantly low when com-
pared to the harvest of ADSCs. MSCs from bone marrow 
yielded only 0.001–0.01% of isolated cells [2], whereas 
those from adipose tissue yielded 0.5–1.25 × 106 cells/g adi-
pose tissue [3, 4]. The stem cell number from bone marrow 
is then insufficient for in vitro expansion to reach a target 
number required for cell therapy. ADSCs thus become alter-
native adult stem cells focused for therapeutic potential 
because of their less invasive, less expensive, and more 
 practical procedure as well as availability in greater amounts. 
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ADSCs have also been confirmed for their multidifferentia-
tive capacity by numerous studies [3–6].

63.2.3  Sources of Adipose Tissue

Adipose tissue can be acquired from several sites of the 
body (i.e., abdomen, hip and thigh region, and mamma) and 
from different surgical procedures (i.e., resection and 
tumescent and ultrasound-assisted liposuction). Mechanical 
and enzymatic digestion of adipose tissue can be used to 
obtain stromal vascular fraction (SVF) which composes 
vascular endothelial cells, infiltrating cells of hematopoi-
etic lineage, and ADSCs. Oedayrajsingh-Varma et al. found 
that there were no differences in yield of stromal vascular 
cells among those sites of the body (approximately 
0.7 × 106 cells/g adipose tissue). Likewise, frequencies and 
cell viability of stromal vascular cells among those three 
surgical procedures were similar with approximately 
0.7  × 106  cells/g adipose tissue and 81% viability. There 
was also no effect on growth kinetics of expanded ADSCs 
from the type of surgical procedure [3]. However, Cuevas-
Diaz Duran et al. studied ADSCs from other sites of the 
body including inner thigh, trochanteric, lower back, and 
abdomen, from volunteers aged 30–65 years with the same 
rage of body mass index (BMI  =  23  in average). 
Mononuclear cell count from inner thigh was the highest 
(1.3  × 104 cells/mL initial fat sample) followed by lower 
back, abdomen, and trochanteric [7]. It was also noted that 
there was no impact of age on cell yield.

63.2.4  White and Brown Adipose Tissues

In terms of morphology and physiology, white and brown 
adipose tissues are dissimilar and can be distinguished. 
White adipose tissue (WAT) comprises a single lipid droplet 
and presents in white to yellow appearance. Brown adipose 
tissue (BAT) is composed of multiple small vacuoles con-
taining a large number of iron-containing mitochondria, 
resulting in brown color. The function of BAT is to burn lip-
ids for heat production, whereas that of WAT is to store lipids 
for excessive energy. BAT is abundant in newborns and 
decreases with age and BMI which is contrary to WAT.  In 
adult humans, BAT is located around cervical, supraclavicu-
lar, axillary, paravertebral, mediastinal, and upper abdomen 
regions [8]. Although BAT is currently considered as a 
potential pharmacological target to combat obesity and asso-
ciated diseases, human BAT in adult is almost inaccessible 
due to small quantity and inconvenient body area (i.e., vital 
regions). In this case, WAT found predominantly in both sub-

cutaneous and visceral depots is more reasonable as a suffi-
cient source of ADSCs.

63.3  Isolation, Characterization, 
and Differentiation of Human ADSCs

63.3.1  Cell Isolation

Many well-established protocols are available for isolation 
and characterization of human ADSCs as adipose tissue 
composes a heterogeneous stromal cell population. Zuk 
et al. initially identified and described a fibroblast-like cell 
population or processed lipoaspirate cells (PLA cells) iso-
lated from SVF of human adipose tissue [5]. Raw lipoaspi-
rate from liposuction was washed with phosphate-buffered 
saline (PBS) and then digested with collagenase enzyme 
before centrifugation to obtain SVF pellet. After that, red 
blood cells (RBCs) in the SVF pellet were lysed and dis-
carded by using ammonium chloride (NH4Cl). The col-
lected SVF was filtered to remove cellular debris and 
incubated overnight at 37  °C/5% CO2 in culture medium 
before washing with PBS to remove residual nonadherent 
RBCs. The remaining adherent cell population was defined 
as PLA cells  (Fig. 63.1). The yield of PLA cells was 
approximately 0.7–2  × 106  cells/mL of liposuctioned tis-
sue. Identification of PLA cells showed that the population 
contained the majority of tentative mesenchymal stem cells 
and low levels of pericytes, endothelial, and smooth muscle 
cells. When culturing these PLA cells with lineage-specific 
differentiation media in vitro, they were also able to differ-
entiate into adipocytes, chondrocytes, myocytes, and osteo-
cytes. Taken all data together, these PLA cells were 
speculated to be comparable with MSCs. Zuk et al. then 
confirmed that PLA cells were unique from MSCs in terms 
of surface marker expression and gene profiles, although 
multiple CD antigens of PLA cells were expressed similar 
to those of MSCs [9]. These PLA cells with unique charac-
teristics and their clonal isolates were able to differentiate 
toward multilineages, suggesting multipotent stem cells, 
termed ADSCs.

After that, there have been several studies developing 
techniques of isolation and characterization of ADSCs [4, 6, 
10]. Each isolation method offered different yield of ADSCs 
even if using equal amount of adipose tissue. For example, 
Aust et al. reported the yield of ADSCs with 4 × 105 cells/mL 
lipoaspirate [6], whereas Zhu et al. claimed to get 20-fold 
higher number of ADSCs from their improved protocol [4]. 
This improvement resulted from (1) using a combination of 
collagenase and trypsin for tissue digestion instead of using 
either collagenase or trypsin alone and (2) exchanging 
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medium for RBC removal instead of using NH4Cl or Krebs- 
Ringer bicarbonate (KRB).

63.3.2  Phenotypic Characterization

As PLA cells are heterogeneous in nature, identification 
and quantification of ADSCs therein are detected through 
their specific surface marker expression by flow cytometry 
and immunohistochemistry. Gronthos et  al. initiated to 
define the phenotype of human ADSCs in both undifferen-
tiated and differentiated states. Expressed proteins includ-
ing CD9, CD10, CD13, CD29, CD34, CD44, CD49d, 
CD49e, CD54, CD55, CD59, CD105, CD106, CD146, and 
CD166 were found in ADSCs [11]. Yoshimura et al. further 
investigated on phenotypes of ADSCs and other cells in 
SVF, finding that SVF was composed of ADSCs (CD31−C
D34+CD45−CD90+CD105−CD146−), blood-derived cells 
(CD45+), endothelial cells (CD31+CD34+CD45−CD90+CD
105lowCD146−), pericytes (CD31−CD34−CD45−CD90+CD1
05−CD146+), and other unknown progenitors [12]. Martin-
Padura et al. studied a CD34+CD45− population which was 
rich in WAT and found two subsets of dimly and brightly 
positive expressions of CD34 (i.e., CD34lowCD45− and 
CD34highCD45−, respectively) [13]. Those two subsets were 
further characterized by CD13, CD44, CD90, and CD140b 
markers, indicating that a CD34lowCD45− subset was endo-
thelial cells (or endothelial progenitor cells, EPCs) and a 
CD34highCD45− subset was ADSCs. These ADSCs were 
also predominant with 79–96%. It was noted that although 
both ADSCs and EPCs expressed CD34, their intensity lev-
els of expression were different. Furthermore, many 
attempts have been made to investigate phenotypic profiles 
of ADSCs in order to distinguish ADSCs from the other 
cells, and most common surface markers are summarized in 
Table 63.1. The example of phenotypic characterization of 
human ADSCs using only CD31, CD34 and CD47 is also 
presented in (Fig. 63.2). 

63.3.3  Multilineage Differentiation

ADSCs are generally located in their own niche (i.e., special-
ized environment) that influences their behaviors of prolifera-
tion, differentiation, and apoptosis. To confirm 
multidifferentiative potential of human ADSCs, numerous 
studies have been conducted both in vitro and in vivo by using 
different supplementation and induction media to mimic such 
niche and control ADSCs’ differentiation ability to lineages of 
interest. With this strategy, ADSCs have been proved for their 
multipotency to differentiate toward mesenchymal (e.g., adip-
ogenic [18, 22, 23], chondrogenic [24–26], osteogenic [27–
30], myogenic [31, 32], and cardiomyogenic [33] cells), 
neurogenic [34–36], angiogenic [37–40], and hepatic lineages 
[41]. These abilities are associated with clinical application.

Although cultured ADSCs at passages 3–5 are generally 
used in medical treatment, changes in biologic functions and 
differentiation properties throughout serial passaging of 
ADSCs remain ambiguous. Wall et al. examined the effects 
of serial passaging of human ADSCs and indicated that 
ADSCs were capable of both adipogenic and osteogenic dif-
ferentiation through ten passages, but the osteogenic differ-
entiation tended to dominate at later passages [42]. It is then 
worth suggesting that cultured ADSCs at early passages, 
retaining adipogenic potential, may be most suitable to use 
in autologous soft tissue augmentation.

In general reconstructive practices, autologous fat transfer 
for soft tissue augmentation has problems in unpredictability 
and poor long-term graft retention that are required to be 
solved. Adipogenic differentiation ability of ADSCs is then 
highly conceivable for resolution. Matsumoto et  al. per-
formed fat graft transplantation by using a combination of 
human aspirated fat and freshly isolated SVF cells (i.e., 
ADSC-rich aspirated fat). This novel technique was termed 
cell-assisted lipotransfer (CAL) [43]. The CAL was helpful 
to maintain transplanted graft volume and improve graft sur-
vival rate via paracrine support rather than adipogenesis of 
ADSCs alone.

Tissue digestion

Lipoaspirate Digested tissue SVF pellet PLA cells

RBC lysis 24-h incubation

Fig. 63.1 Isolation of human ADSCs
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Table 63.1 Phenotypic profiles based on surface marker expression of human ADSCs

Markers Expression References
Positive expression
CD13 + Orecchioni et al. [14], Martin-Padura et al. [13], Zhu et al. [4], Traktuev et al. [15],  

Mitchell et al. [16], Aust et al. [6], Gronthos et al. [11]
CD29 + Francis et al. [10], Zhu et al. [4], Mitchell et al. [16], Katz et al. [17], Aust et al. [6], 

Gronthos et al. [11]
CD34 + Orecchioni et al. [14], Martin-Padura et al. [13], Francis et al. [10], Zimmerlin et al. [18], 

Zhu et al. [4], Lin et al. [19], Traktuev et al. [15],
Oedayrajsingh-Varma et al. [20], Oedayrajsingh-Varma et al. [3], Yoshimura et al. [12], 
Mitchell et al. [16], Gronthos et al. [11]

CD44 + Martin-Padura et al. [13], Zhu et al. [4], Zannettino et al. [21], Mitchell et al. [16], Aust et al. 
[6], Gronthos et al. [11]

CD49d + Katz et al. [17], Gronthos et al. [11]
CD54 + Oedayrajsingh-Varma et al. [20], Gronthos et al. [11]
CD73 + Francis et al. [10], Mitchell et al. [16]
CD90 + Cuevas-Diaz Duran et al. [7], Martin-Padura et al. [13], Zimmerlin et al. [18], Zannettino 

et al. [21], Traktuev et al. [15], Oedayrajsingh-Varma et al. [20], Oedayrajsingh-Varma et al. 
[3], Yoshimura et al. [12], Mitchell et al. [16], Katz et al. [17], Aust et al. [6], Zuk et al. [9]

CD140a + Traktuev et al. [15], Katz et al. [17]
HLA- ABC + Oedayrajsingh-Varma et al. [20], Katz et al. [17], Aust et al. [6], Gronthos et al. [11]
Negative expression
CD11a − Katz et al. [17], Gronthos et al. [11]
CD11b − Katz et al. [17], Aust et al. [6], Gronthos et al. [11]
CD11c − Katz et al. [17], Gronthos et al. [11]
CD14 − Francis et al. [10], Zannettino et al. [21]
CD31 − Orecchioni et al. [14], Martin-Padura et al. [13], Francis et al. [10], Zimmerlin et al. [18], 

Zannettino et al. [21], Lin et al. [19], Traktuev et al. [15], Oedayrajsingh-Varma et al. [20], 
Oedayrajsingh-Varma et al. [3], Yoshimura et al. [12], Gronthos et al. [11]

CD45 − Cuevas-Diaz Duran et al. [7], Orecchioni et al. [14], Martin-Padura et al. [13], Francis et al. 
[10], Zimmerlin et al. [18], Zhu et al. [4], Zannettino et al. [21], Traktuev et al. [15], 
Oedayrajsingh-Varma et al. [20], Oedayrajsingh-Varma et al. [3], Yoshimura et al. [12], Aust 
et al. [6], Gronthos et al. [11]

CD144 − Traktuev et al. [15], Mitchell et al. [16]
Controversial expression
CD105 + Cuevas-Diaz Duran et al. [7], Zhu et al. [4], Zannettino et al. [21], Oedayrajsingh-Varma 

et al. [20], Oedayrajsingh-Varma et al. [3], Zuk et al. [9], Gronthos et al. [11]
− Martin-Padura et al. [13], Yoshimura et al. [12]

CD106 + Zannettino et al. [21]
− Oedayrajsingh-Varma et al. [20], Katz et al. [17], Zuk et al. [9]

CD140b + Orecchioni et al. [14], Martin-Padura et al. [13], Traktuev et al. [15]
− Lin et al. [19]

CD146 + Zannettino et al. [21], Mitchell et al. [16], Gronthos et al. [11]
− Zimmerlin et al. [18], Oedayrajsingh-Varma et al. [20], Yoshimura et al. [12]

CD166 + Zhu et al. [4], Zannettino et al. [21], Oedayrajsingh-Varma et al. [3], Mitchell et al. [16], 
Gronthos et al. [11]

− Oedayrajsingh-Varma et al. [20]
SMA + Traktuev et al. [15]

− Zimmerlin et al. [18], Lin et al. [19], Zuk et al. [9]
HLA-DR + Oedayrajsingh-Varma et al. [20]

− Zhu et al. [4], Katz et al. [17], Aust et al. [6], Gronthos et al. [11]
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Besides the usefulness of ADSCs in fat graft improvement, 
ADSCs also play role in de novo fat formation. Vermette et al. 
cultured human ADSCs with an adapted self- assembly method 
producing a three-dimensional adipose tissue for soft tissue 
reconstruction [44]. ADSCs were induced by ascorbic acid 
supplementation to generate their own bio- extracellular matrix 
as supportive stroma, resulting in recreation of an adipose sub-
stitute similarly to subcutaneous fat. The three-dimensional 
spheroid culture of ADSCs has been further studied by Naderi 
et al. They demonstrated that ADSCs were able to grow as 
floating micro-tissue spheres through several passages and the 
adipogenic differentiation of ADSCs was able to be acceler-
ated in the three- dimensional spheroid culture [23]. These can 
possibly lead to a novel micro-tissue preparation of ADSCs 
for soft tissue regeneration in the future.

63.4  Application of ADSCs in Breast 
Reconstructive Surgery

First report on fat autografting in humans is from Doctor 
Gustav Adolf Neuber in 1893. Since then the fat and its com-
ponent had been reluctant and had deliberate evolution due 
to limitation of cellular mechanism and experimental model. 
In 2009, the American Society of Plastic Surgery deployed 
five broad-based questions, which are:

 1. What are the current and potential applications of fat 
grafting (specifically breast indications and, if data are 

available, other cosmetic and reconstructive 
applications)?

 2. What risks and complications are associated with fat 
grafting?

 3. How does technique affect outcomes, including safety 
and efficacy, of fat grafting?

 4. What risk factors need to be considered for patient selec-
tion at this level of invasiveness?

 5. What advancements in bench research/molecular biology 
potentially impact current or future methods of fat 
grafting?

Gutowski et al. [45] attempted to address these concerns 
from scientific evidences. Although not all questions were 
clearly encountered, this task force brought the ADSCs to 
the attention of plastic society around the world.

The ADSCs has long been introduced to reconstructive 
surgery, the application has been broadened in many organs. 
In particular, the soft tissue and skin are main targets for 
reconstructive surgeon.

The advantages and benefits of ADSCs are as follows:

• ADSCs contain high content of multipotential mesenchy-
mal progenitor cells for regenerative therapy.

• ADSCs are abundant throughout the human body.
• ADSCs can be easily harvested with technically simple in 

surgical accessibility (Figs. 63.3 and 63.4).
• ADSCs are a source of patients’ preference as there is a 

minimal donor site morbidity.
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The applications of ADSCs in breast surgery can be listed 
in major categories as follows [46–50]:

63.4.1  Oncoplastic Breast Surgery

Breast reconstruction is a dynamic process where several 
factors can influence the final outcome, for example, adju-
vant treatment, patient weight, gravity, and patients’ satisfac-
tion. So, ADSCs play a role in both partial and total 
mastectomy reconstructions. The application of ADSCs 
ranges from minor retouch and revision surgery to total 
breast reconstruction.

For partial mastectomy, after simple lumpectomy, the 
ADSCs can serve as biologic tissue filler as part of volume 
replacement oncoplasty procedure. Post-therapeutic mam-
maplasty with minor asymmetry or volume deficit can also 
enhance the volume by ADSCs application.

For total mastectomy, ADSCs are being applied as 
retouching procedure after implant base or autologous base 
reconstruction. ADSCs can improve several implant compli-
cations such as lack of upper pole fullness, capsular contrac-
ture, rippling, and volume deficit. ADSCs also help surgeon 
to avoid major autologous flap surgery revision by slightly 
improve the flap atrophic change or correct the necrotic area 
after debridement.

63.4.2  Aesthetic Breast Surgery (Contralateral)

The contralateral breast symmetric procedure including aug-
mentation mammoplasty, reduction mammoplasty, or masto-
pexy might be performed simultaneously with indexed breast 
reconstruction. However, it is very challenging for surgeons 
to achieve a perfect outcome as the contralateral breast is 
usually native and has no adjuvant treatments. In order to 
improve the surgical outcome, ADSCs show a promising 
result for symmetrical procedure as a sole therapeutic proce-
dure or along with other surgical corrective procedure.

63.4.3  Congenital Breast and Chest Wall 
Deformity Correction

Not only in cancer surgery, but many other conditions result-
ing in breast deformity might benefit from ADSC application. 
Poland’s syndrome, pectus excavatum, and tubular breast are 
not uncommon congenital conditions which necessitate surgi-
cal correction. ADSCs may improve upper pole fullness in 
Poland’s syndrome, rib bony contouring defect in pectus exca-
vatum, and lower pole fullness with double bubble correction 
in tubular breast surgery. Moreover, hypoplastic and con-
stricted lower pole breasts are suitable conditions for ADSCs.

Fig. 63.3 Fat harvesting

Fig. 63.4 Specimen contains ADSCs
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63.4.4  Postmastectomy Pain Syndrome 
Treatment and Irradiated Tissue 
Improvement

These conditions are not definite breast reconstruction, but 
ADSCs can be initial steps toward total breast reconstruction 
especially with implant base reconstruction. Postmastectomy 
pain syndrome (PMPS) usually occurs in rarity after external 
radiation to the chest wall. It can develop over several years 
after treatment completion. The treatment modalities are 
somehow ineffective and might require autologous flap pro-
cedure or regional nerve analgesia.

ADSCs have been widely accepted in richness of progeni-
tor cell and clinical reports confirm theirs improvement in 
surrounding tissue conditions. The stromal matrix and cel-
lular function can be proven from translational research stud-
ies. Postmastectomy pain syndrome patients experience 
symptom improvement due to soft tissue softening which 
releases the tightness over their irradiated tissue area 
(Fig. 63.5).

63.4.5  Scar Correction

Abnormal wound healing leads to unpleasant aesthetic scar, 
in particular, for patients who are at risk of developing keloid, 
hypertrophic scar, widening scar, or hyperpigmented scar. As 
the ADSCs and their derivatives from lipoaspirated speci-
men contain significant amount of biological active cells and 
function substance, they can play a role in wound healing 
process. So, ADSCs not only act as static volume filler, but 
they can also exploit a biodynamic role for surrounding tis-
sue interaction.

63.5  Future Trend and Research

The better knowledge from fundamental and translational 
researches brightens the advanced clinical application of 
ADSCs [13, 51, 52]. Nowadays, in vitro cell manipulation 
and expansion are being performed in only some particular 
institutions due to limited laboratory tools and scientists. In 
some countries, the law, medical society, and FDA still do 
not approve of in vitro cell manipulation and only restrict it 
in academic or research purposes. In the near future, when 
clinicians and scientists successfully proved the outcome and 
safety of in  vitro ADSC manipulation, then ADSCs will 
become more widespread in medicine.

63.6  Summary

White adipose tissue is suggested to be an alternative source 
of stem cells which is rich of ADSCs. As several isolation 
procedures and phenotypic profiles of ADSCs are estab-
lished, purified ADSCs can be obtained to examine their bio-
logic functions and to prepare for clinical utilization. 
Differentiation capacity of ADSCs can also suggest thera-
peutic potentials for many diseases (e.g., bone/cartilage 
defects and myocardial ischemia) as well as for cosmetic 
purposes (e.g., breast enlargement and correction of facial 
deformities). Application of ADSCs is a promising future for 
oncoplastic breast surgery as it is does not only bring static 
volume enhancement but also dynamic active function to 
improve irradiated tissue and abnormal wound healing or 
scarring. ADSCs thus are promising agents for cell therapy, 
even though, efficacy of ADSCs needs to be proved and cell 
production under good manufacturing practice (GMP) is 
concerned.
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Systemic Treatment of Breast Cancer 
and Breast Reconstruction

Sergio D. Simon

Since the early 1970s, the concept that breast cancer is a sys-
temic disease—and therefore needs systemic treatment—
gained wide acceptance among the oncologic community. 
The pioneering clinical trials by Fisher [1] and Bonadonna 
[2] confirmed that the adjuvant treatment of women with 
breast cancer improves disease-free survival and overall sur-
vival. Four decades later, systemic treatment has become an 
integral part of the treatment of women with invasive breast 
cancer and has been responsible in great part for an impres-
sive decrease in mortality over the last 25 years.

Recent understanding of the complexities of the molecu-
lar biology of breast cancer has shed new light on the sys-
temic treatment of breast cancer. Although the presence of 
estrogen receptor (ER) and progesterone receptor (PR) has 
been regularly studied in tumor specimens since the 1970s 
and the presence of the HER-2/neu protein has been mea-
sured since the 1990s, it was only after seminal works in the 
early 2000s [3, 4] that gene expression profiles of breast can-
cer (“gene signatures”) were identified through microarray 
techniques. Since then, breast cancer has been divided in the 
so-called molecular subtypes. Studies have demonstrated 
that “breast cancer” is indeed a heterogeneous group of dis-
eases that have in common their origin in the mammary 
gland but have wide variations in biology, clinical presenta-
tion, prognosis, and treatment. It is now accepted that breast 
cancer is subdivided in five major molecular subtypes, of 
which four subtypes are of clinical relevance:

 (a) Luminal A tumors: These tumors have high expression 
of steroid hormone-mediated signaling pathways, result-
ing in high expression of the ER protein. Luminal A 
tumors tend to be of low grade, have low proliferation 
markers, and usually have a very indolent clinical course 
and therefore good survival. They tend to respond well 
to endocrine manipulation (tamoxifen, aromatase inhibi-

tors, ovarian ablation, fulvestrant, etc.) and less well to 
conventional chemotherapy. About 40% of the cases of 
breast cancers fall into this subtype. Adjuvant treatment 
of these tumors is frequently done with hormonal treat-
ment alone, although chemotherapy can also be used for 
more advanced stages.

 (b) Luminal B tumors: Despite the presence of ER, these 
tumors are different from the Luminal A due to less 
defined gene expression and genomic alterations. They 
tend to be of higher grades and to have relatively high 
expression of proliferation genes and cell cycle-related 
genes. The expression of ER and PR is usually less exu-
berant than in Luminal A tumors. Mutation of the p53 is 
not infrequent in this group, and many tumors present 
overexpression of the HER2 protein. The prognosis of 
Luminal B tumors is distinctly poorer than the Luminal A 
tumors, and they are usually associated with some degree 
of endocrine resistance. They comprise about 25% of 
cases of breast cancer. Adjuvant treatment of these tumors 
usually comprises chemotherapy and endocrine treat-
ment, with the monoclonal anti-HER2 antibody trastu-
zumab reserved for the HER2-positive patients.

 (c) HER2-enriched tumors: Some 20% of breast tumors 
belong to this subtype, which is characterized by amplifi-
cation of the HER2/neu gene in the 17q chromosome 
region. This gene amplification results in overexpression 
of the HER2 protein at the cell membrane, which can be 
detected by routine immunohistochemistry (IHC). In 
cases of questionable results on IHC, fluorescent in situ 
hybridization (FISH) or similar techniques can be used to 
actually measure the number of gene copies in the tumor 
cells. These HER2-enriched tumors tend to be of high 
grade and a high proportion of them present p53 muta-
tions. The prognosis of HER2- enriched tumors is poor, 
with short disease-free interval after initial diagnosis and 
with aggressive visceral metastases (liver, lung, brain) 
developing through the clinical course of these patients. 
With the introduction of anti-HER2 agents (trastuzumab, 
used both in the adjuvant and metastatic settings, and the 
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antibodies pertuzumab and ado-trastuzumab (T-DM1), 
used for metastatic disease, as well as the oral tyrosine-
kinase inhibitor lapatinib), the disease-free survival and 
the overall survival of these patients have improved dra-
matically. Typically, adjuvant treatment of these tumors 
combines chemotherapy and trastuzumab.

 (d) Basal-like tumors (“triple negative breast cancer” or 
TNBC): About 15% of breast tumors fall into this 
category. These tumors have high expression of basal 
epithelial markers, such as cytokeratins 5/6, c-KIT, 
laminin, and p-cadherin. Some express EGFR.  These 
tumors do not express ER, PR, or HER2 protein on IHC 
(hence the “triple negative” name). They are usually 
high-grade tumors, with high proliferation index (as 
measured by the Ki67 antigen) and frequent p53 
mutations. TNBC is usually an aggressive disease, with 
high incidence of visceral and brain metastasis and a 
very poor prognosis. Patients with familial breast cancer 
with BRCA1 germline mutations usually present with 
this subtype of breast cancer. TNBC tumors are sensitive 
to chemotherapy, especially to DNA-damaging agents 
such as anthracyclines and platinum salts. Adjuvant 
treatment of these tumors is usually done with aggressive 
and intensive chemotherapy. It has been recognized that 
these basal-like tumors are actually a group of at least 
six different subtypes, with different gene expression 
and different biology [5].

A fifth molecular subtype, called “normal breast-like,” 
has been less well characterized, and its clinical correlations 
are not clear at this time.

Although initially defined by DNA microarray techniques, 
the molecular subtypes of breast cancer are usually classified 
by pathologists through the use of routine IHC, which is readily 
available to most pathology laboratories. It has been demon-
strated that IHC is a reasonable surrogate marker for subtype 
classification and the results of estrogen receptor, progesterone 
receptor, HER2, and Ki67 are routinely used for this classifica-
tion by most clinical oncologists.

Based on these considerations, the systemic treatment of 
breast cancer has been tailored to each individual patient, 
according to anatomical IHC (and/or gene expression 
patterns) of their specific tumors. Therefore, Luminal A and 
Luminal B tumors will include endocrine therapy as part of 
their treatment, while HER2-enriched or TNBC will not 
receive hormonal therapy. Typically, hormonal therapy is 
done for 5 years, with some patients receiving up to 10 years 
of endocrine treatment. Anti-HER2 therapy (in the form of 
the monoclonal antibodies trastuzumab, pertuzumab, and 
T-DM1 and the oral inhibitor lapatinib) has been reserved for 
patients whose malignant cells overexpress this protein in 
the cell membrane. Adjuvant trastuzumab has typically been 
used for 1 year. Chemotherapy, on the other hand, has been 

applied to most cases of breast cancer irrespective of their 
molecular subtypes although, as mentioned before, some 
subtypes are more resistant and other types are more sensitive 
to this type of treatment. Typically, adjuvant chemotherapy 
treatment will last between 3 and 6 months.

In many cases, however, inoperable/locally advanced 
breast tumors are treated initially with neoadjuvant (also 
called “primary”) chemotherapy. The purpose of this type of 
treatment is to render these tumors operable or, in some 
cases, to make breast-conserving surgery possible in a case 
initially treatable only by radical mastectomy. The same 
principles that guide the choice of adjuvant treatment are 
applied in the choice of neoadjuvant treatment: chemotherapy, 
trastuzumab, and hormonal manipulation can be used, 
depending on the molecular subtype of the tumor.

Each of these forms of systemic treatments, causing 
changes in the cell cycle and the hormonal milieu of the 
patients, can potentially influence the final outcome of plastic 
surgery. Furthermore, chemotherapy is known to increase 
the chance of developing infection by means of causing 
leukopenia and decreased immune function. Therefore, the 
systemic treatment of breast cancer can potentially have 
direct implications on breast reconstruction by impairing 
wound healing, by increasing microthrombotic events, and 
by facilitating local infection.

64.1  Tamoxifen and Breast Reconstruction

Tamoxifen is a nonsteroidal selective modulator of the estro-
gen receptor. Its active metabolites, 4-hydroxytamoxifen and 
endoxifen, bind to the estrogen receptor protein in tumor 
cells, normal breast, and other target tissues, blocking the 
DNA synthesis of the estrogen-dependent genes. Because of 
its strong antiestrogenic and antitumoral effect, tamoxifen 
has been used since the 1970s in the treatment of breast 
cancer.

In the adjuvant setting, tamoxifen has been used mostly in 
premenopausal patients, since several studies have shown 
that aromatase inhibitors (anastrozole, letrozole, and 
exemestane) are more effective in postmenopausal women. 
When used in the adjuvant setting for 5 or 10 years, tamoxifen 
significantly diminishes the risk of recurrence and improves 
overall survival in patients with Luminal A and Luminal B 
tumors [6].

Side effects of tamoxifen include, among others, hot 
flashes, amenorrhea, sexual dysfunction, endometrial 
hyperplasia, and increased risk of endometrial cancer. In 
addition there is an increased risk of thromboembolic events, 
especially during and immediately after major surgical 
procedures or periods of immobility. Women with previous 
history of varicose veins, deep vein thrombosis, pulmonary 
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thromboembolism, myocardial infarction, and cerebral 
vascular accidents should be given tamoxifen with great 
caution.

History of hypercoagulability is also a contraindication 
for the use of tamoxifen, especially during surgical 
procedures. Factor V Leiden, a mutation of factor V which 
affects about 5% of the Caucasian population in the United 
States, is the most frequent cause of hypercoagulability. 
Cases of flap loss following microsurgical perforator flap 
breast reconstruction have been reported, with cases of 
recurrent arterial thrombosis both intraoperatively and 
postoperatively in patients with factor V Leiden using 
tamoxifen [7].

Tamoxifen has also been associated with the increased 
risk of microvascular flap complications in patients under-
going breast reconstruction. Preclinical studies [8] in Wistar 
rats demonstrated that animals receiving tamoxifen for 
2 weeks and submitted to terminoterminal anastomoses of 
the femoral artery had significantly higher measurements of 
the thickness of intimal and total arterial wall when compared 
to animals not receiving tamoxifen, although no significant 
differences in thrombotic complications were noted. Kelley 
et  al. [9] retrospectively compared rates of microvascular 
complications and pulmonary thromboembolism in patients 
who were and were not receiving adjuvant tamoxifen at the 
time of microvascular breast reconstruction. Among 670 
patients, 205 were taking tamoxifen before breast recon-
struction and 465 were not. Of note, patients taking tamoxi-
fen were significantly younger, had lower body mass index, 
and had less comorbidities than the ones not receiving the 
drug. Despite this, microvascular flap complications were 
significantly more common in patients taking tamoxifen 
(21.5 vs 15%, p = 0.04). Patients on tamoxifen had more 
immediate and delayed complications, both as cardiovas-
cular events and as surgical flap complications. Immediate 
total flap loss and a lower rate of flap salvage were signifi-
cantly more frequent in the tamoxifen group. The authors 
recommend stopping the drug 28 days before microsurgical 
breast reconstruction.

As a practical consideration, it seems reasonable to screen 
candidates for microsurgical reconstruction for a history of 
hypercoagulability for consideration of prophylactic 
anticoagulation and to stop tamoxifen 28  days prior to 
surgery in all patients.

64.2  Chemotherapy and Surgical 
Outcomes

Several authors have examined the influence of chemother-
apy on surgical outcomes of reconstructive surgery as well as 
the eventual delay in starting chemotherapy caused by imme-
diate reconstructive surgery.

Furey et  al. [10] evaluated retrospectively the rate and 
severity of wound complications in 112 patients who received 
adjuvant chemotherapy after mastectomy with immediate 
breast reconstruction (IBR). The rate of wound complications 
(20.8% in the entire group) was similar in patients receiving 
chemotherapy when compared with a group of patients not 
receiving systemic treatment. No patient had a delay in the 
initiation of adjuvant therapy because of wound complications 
secondary to IBR. There was no correlation between age, 
type of operation, tumor pathology, stage, number of lymph 
nodes harvested, type of prosthesis or chemotherapy, and 
wound complications. The frequency of wound complications 
was not increased in patients receiving adjuvant chemotherapy 
after mastectomy and IBR.  The authors concluded that 
administration of adjuvant chemotherapy does not need to be 
delayed in patients who have immediate breast reconstruction 
following mastectomy for breast cancer.

Caffo et al. [11] examined the concurrent use of adjuvant 
chemotherapy and immediate breast reconstruction (IBR) 
with skin expanders after mastectomy and the acute toxicity 
of these treatments. Evaluating 52 consecutive patients 
receiving IBR with skin expanders after mastectomy and 
adjuvant chemotherapy and comparing them to patients 
undergoing IBR without adjuvant chemotherapy and to 
another group of patients undergoing mastectomy and 
chemotherapy but no IBR, these authors concluded that the 
interval between surgery and the start of expander inflation 
was similar in the groups with or without chemotherapy 
(median of 5  days) and that there were no statistically 
significant differences in complications between the groups 
receiving chemotherapy or not. The planned chemotherapy 
dose was equally delivered to both groups. They conclude 
that concurrent breast reconstruction and chemotherapy is 
safe and feasible and that no reduction in dose intensity is 
required.

Warren Peled et al. [12] studied the impact of chemother-
apy and the timing of chemotherapy on postoperative out-
comes in patients undergoing mastectomy and IBR.  This 
retrospective study reviewed data on 163 consecutive patients 
undergoing mastectomy and IBR, of which 57 had received 
neoadjuvant chemotherapy, 41 had received postoperative 
adjuvant chemotherapy, and 65 received no chemotherapy. 
Although the adjuvant chemotherapy group had a higher rate 
of postoperative infections as compared to the neoadjuvant 
and no chemotherapy groups, the unplanned return to the 
operating room and the rate of implant/expander removal 
was the same in the three groups. Of patients who underwent 
expander/implant reconstruction, implant removal was not 
different among women in the neoadjuvant chemotherapy 
cohort, the adjuvant cohort, and the no chemotherapy cohort 
(26%, 22%, 18%, p = 0.70).

Evaluating the delay in starting adjuvant chemotherapy 
caused by breast reconstructive surgery, Alderman et al. [13] 
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examined 3643 patients with stages I–III breast cancer who 
were treated at eight different National Comprehensive 
Cancer Network (NCCN) institutions who followed similar 
treatment guidelines. Breast-conserving surgery, mastectomy 
with immediate reconstruction, and mastectomy with delayed 
reconstruction were studied, and Cox regression analysis was 
used to evaluate the type of surgery and the timing of chemo-
therapy. Of all the patients, a significant delay (>8 weeks after 
surgery) was observed in 5.1% of cases. Factors that favored 
early start of chemotherapy were younger age, lower body 
mass, absence of comorbidities, and non-African American 
ethnicity. For patients below age 60, mastectomy and imme-
diate reconstruction was the only modality where a signifi-
cant proportion of patients had a delay to start of chemotherapy 
>8 weeks. For women above age 60, a greater proportion had 
a delay in starting chemotherapy when compared to younger 
patients, especially in the group undergoing breast-conserv-
ing surgery. Overall, mastectomy with immediate breast 
reconstruction caused a modest but statistically significant 
delay in initiating systemic treatment. The clinical signifi-
cance of this finding is unknown.

In a prospective pilot study, Giacalone et al. [14] com-
pared the feasibility, oncological safety, and esthetic out-
come of skin-sparing mastectomy + immediate breast 
reconstruction (IBR) with latissimus dorsi (LD) flap after 
neoadjuvant chemotherapy and radiotherapy (N = 26) with 
the more standard approach of mastectomy followed by 
adjuvant chemo- and radiotherapy and a delayed LD flap 
reconstruction (DBR) after completion of the systemic treat-
ment (N = 78). With prolonged follow-up (median 4.1 years, 
range 1–8), early complications were seen in 61% of patients 
undergoing immediate reconstruction versus 56% seen in 
patients undergoing delayed reconstruction. Early implant 
loss was 0% in the IBR vs 12% in the DBR group. Capsular 
contracture, reconstruction failure, local recurrence, and 
cosmetic results were similar in both groups, suggesting that 
IBR is a safe and effective even when performed after 
neoadjuvant chemo- and radiotherapy.

Similar findings were reported in a retrospective study by 
Monrigal et al. [15], who reviewed 210 patients treated at the 
same institution over a period of 18 years. These patients had 
received neoadjuvant chemotherapy and radiotherapy prior 
to undergoing mastectomy with IBR (107 a latissimus dorsi 
flap with implant, 56 a transverse rectus abdominis 
musculocutaneous (TRAM) flap, 25 an autologous latissimus 
dorsi flap, and 22 a retropectoral implant). 46/210 events 
were seen (20 necrosis, 9 surgical site infections, and 6 
hematomas), leading to a second surgery in 23 patients. 
Necrosis was especially more frequent with the TRAM flap 
technique. Late complications (capsular contracture, 
infection, dislocation, deflation) were recorded in 23.6% of 
patients, leading to 14 new interventions. The 5-year overall 
survival and disease-free survival were excellent (86.7 and 

75.6%, respectively), and 30.5% of patients had recurrent 
disease (5 local, 9 locoregional, and 54 distant relapses). 
Despite the small numbers of these series of patients and the 
lack of randomized studies (which would probably be 
impossible to run), the evidence points toward satisfactory 
results of IBC after neoadjuvant chemo- and radiotherapy.

Immediate breast reconstruction after neoadjuvant che-
motherapy was also recently reported by Azzawi et al. [16]. 
These authors studied the influence of neoadjuvant chemo-
therapy on surgical outcomes of patients operated on by the 
same surgeon in a 7 year period. They were compared to 
patients undergoing breast reconstruction without prior neo-
adjuvant chemotherapy. A total of 171 patients received 198 
IBR procedures with different types of reconstructions (free 
tissue transfers, pedicled flaps, and implant-only proce-
dures). Fifty-three patients received neoadjuvant therapy, 
and 118 received no primary chemotherapy. IBR failed in 
2% of each group, and the rate of reoperation for major com-
plications was 9% in each group. Differences in minor com-
plications were not statistically different, and delay in time to 
commencement of adjuvant radiotherapy was the same in 
both groups.

Gouy et al. [17] reviewed the experience of a single insti-
tution in order to determine whether reconstruction after neo-
adjuvant chemotherapy and mastectomy can affect the 
interval between surgery and adjuvant treatment and if sur-
vival was in any way affected by this sequence of treatment. 
These authors conclude that immediate breast reconstruction 
does not delay the starting of adjuvant therapy, has no signifi-
cant effect on local or distant relapse-free interval, and does 
not delay the commencement of radiotherapy.

Tanaka et  al. [18] evaluated the impact of preoperative 
chemotherapy on outcomes of breast reconstruction. They 
reviewed 128 patients, 29 of whom received preoperative 
chemotherapy and 99 of whom received no chemotherapy. 
Wound complications were seen in 17% of patients 
undergoing preoperative chemotherapy versus 12% among 
patients with no chemotherapy. These findings are statistically 
nonsignificant, and the authors conclude that healing will not 
be impaired by chemotherapy.

Finally, Harmeling et  al. [19] performed a systematic 
review of the delay in time to adjuvant chemotherapy caused 
by immediate breast reconstruction. Fourteen studies with a 
total of 5270 patients were examined, of which 1942 under-
went IBR and 3328 underwent mastectomy only. One of 
these studies showed a shorter mean time to adjuvant chemo-
therapy after IBR (12.6 days), while four studies showed a 
delay of 6.6–16.8 days and seven studies showed no differ-
ence in time to chemotherapy after surgery. This systematic 
review of the literature suggests that IBR does not delay the 
start of chemotherapy to any clinically significant extent.

In conclusion, several series of patients reported in the 
literature raise no major concern regarding the association of 
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chemotherapy and breast reconstruction. The time to starting 
chemotherapy has not been significantly delayed by recon-
structive surgery, there have been no reports of increased risk 
of infectious or surgical complications caused by neoadju-
vant chemotherapy, and survival end points do not seem to 
be affected by the association of chemotherapy and recon-
structive surgery. However care needs to be taken when che-
motherapy and major breast surgery are performed at close 
intervals, since both treatments have potentially dangerous 
complications for patients with breast cancer.
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Systemic Impact of Breast  
Reconstruction

Dario Trapani, Giuseppe Curigliano, Janaina Brollo,  
and Maximiliano Cassilha Kneubil

65.1  Introduction

Treatment for early breast cancer usually involves some 
combination of surgery, radiation therapy, chemotherapy, 
hormone therapy, and/or targeted therapy. Surgery is still the 
main curative therapeutic modality for breast cancer and 
may be considered both frontline and sequential to a 
neoadjuvant treatment. Breast reconstruction (BR) following 
mastectomy or lumpectomy/quadrantectomy (breast- 
conserving surgery) represents a fundamental step in the 
treatment of breast cancer and has been widely studied in the 
few last decades. From our best knowledge, reconstruction 
techniques may alter the normal tissue environment with 
effect that may be exerted either locally or systemically. 
Feature, extent, and duration of surgery could influence the 
magnitude of systemic effect through the release of pro- 
angiogenic mediators [1–4]. Angiogenesis plays a key role in 
both wound healing and tumor survival and growth. Thus, 
investigations about angiogenic response after surgical 
interventions may help in guiding surgical approaches [1]. 
Normal wound repair process generates an angiogenic 
response to deliver nutrients and inflammatory cells to 
injured tissue. The angiogenic response enables the removal 
of debris and has a central role for the development of a 

granulation tissue framework, the web underlying wound 
closure [2]. The mediators of wound angiogenesis include 
soluble factors such as vascular endothelial growth factor 
(VEGF), tumor necrosis factor (TNF), transforming growth 
factor beta (TGF-beta), b-fibroblast growth factor (bFGF), 
and platelet-derived growth factor (PDGF) identified in sev-
eral wound models [3]. Angiogenic agonists (e.g., VEGF) 
and antagonists (e.g., thrombospondin-1) have been 
described at various stages of repair [4–6], suggesting that 
the neo-angiogenic stimulus may be the result of a balance of 
factors favoring either vessel growth or regression [7]. 
Previous studies have shown that surgical wound fluid col-
lected within a few hours after a surgical operation is potently 
angiogenic. In a cohort of patients with early breast cancer, a 
transient increase in circulating levels of VEGFA was docu-
mented 3  days after the surgical procedure [1]. Similarly, 
bFGF levels have been shown to peak immediately after sur-
gery and then fall by the second postoperative day [1, 8]. 
This immediate release has been suggested to function as an 
initiator of wound angiogenesis. In later wound repair stages, 
VEGF is the predominant angiogenic mediator [4]. VEGF 
expression is almost negligible in normal skin; however, 
response to tissue injury induces an upregulation of VEGF, 
thus supporting keratinocyte motility for wound re-epitheli-
alization through a paracrine cell signaling [9]. TGF family 
is involved in several steps of wound healing: monocyte che-
moattraction, formation of granulation tissue and fibroblast 
stimulation, neovascularization, wound contraction, and 
extracellular-matrix reorganization.

The response of the body to a cancer is not a single 
mechanism but goes in parallel with inflammation and 
wound healing: cancer is a wound that never heals. It has 
been suggested that inflammatory infiltrating cells and 
cytokines found in tumors are more likely to contribute to 
tumor growth, progression, and immunosuppression than 
to exert an effective antitumor host response [10]. If genetic 
damage is the match that lights the fire of cancer, some 
types of inflammation may provide the fuel that feeds the 
flames. Moreover cancer susceptibility and severity may be 
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associated with functional polymorphisms of inflammatory 
cytokine genes; accordingly, it is demonstrated that the 
deletion or inhibition of some inflammatory cytokines may 
inhibit the development of experimental cancers. Scientific 
works on the production of proangiogenic cytokines in 
early human wound fluid have been performed using drain 
fluid from patients undergoing cancer surgery [4, 8]. These 
studies are based on the principle that wound fluid would 
be generally representative of the growth environment of 
the wound. It would be important to study if feature, extent, 
type, and duration of surgery could affect systemic periop-
erative levels of angiogenic cytokines in patients with 
breast cancer. A better understanding of the time interval 
during which the sequelae of events in wound healing occur 
may be the basis for defining new therapeutic strategies that 
can interfere with tumor outgrowth, sparing wound healing 
processes. After surgical resection of a tumor, the microen-
vironment of the wound site differs from that of normal 
tissue in several ways. Hypoxia, fibroblast activation, and 
various growth factors released after the surgical procedure 
make the wounded site different from non- wounded tissue. 
Major oncological resections might bring to cytokine dys-
regulation and subsequent postsurgical immunosuppres-
sion, especially when the operation is of long duration.

Furthermore, the use of “autologous fat transplantation” in 
BR is getting more and more utilized; interestingly, numerous 
observations of adipocyte, pre-adipocyte, and progenitor cells 
as potential actors in breast cancer tumorigenesis have been 
reported, thus defining another possible concern regarding 
BR and tumor growth promotion [11].

65.2  Pro-angiogenic Cytokines

Tumor growth is angiogenesis dependent. Perioperative lev-
els of endogenous stimulators (bFGF, VEGF, PDGF, angio-
poietin cathepsin, copper, interleukin 1, 6, and 8), inhibitors 
(thrombospondin, angiostatin, endostatin, plasminogen acti-
vator inhibitor-1, tissue inhibitor of metalloprotease, zinc, 
interleukin 10 and 12), and modulators of angiogenesis 
(TGF-b, tumor necrosis factor alpha) may indicate the 
switch to the angiogenic phenotype of neoplasia that 
depends on a net balance between positive and negative 
angiogenic factors released by the tumor [1]. In particular, 
there is evidence of an alteration in the circulating levels of 
acute phase reactants in the perioperative period, possibly 
enhancing the release of malignant cells into the circulation, 
with an increased risk of metastasis spreading. Vascular 
endothelial growth factors (VEGF) have a cell mitogen 
effect and act as regulator of vascular permeability. Several 
retrospective studies reported that VEGF plasmatic level is 
significantly associated with relapse-free survival and over-
all survival. Patients with early-stage breast cancer who 

have tumors with elevated levels of VEGF, TGF-b, or bFGF 
show a higher likelihood of recurrence than patients with 
low- angiogenic tumors, even if treated with conventional 
adjuvant therapy [1]. Preoperative levels of VEGF, bFGF, 
and TGF-b described in our experience are similar to previ-
ously reported ones [12–14]. Other studies reported a cor-
relation between clinical pathological features of disease 
and preoperative levels of angiogenic factors [15]. To better 
understand the mechanism of wound angiogenesis and its 
significance in tumor biology and surgical intervention, we 
reported an experience that specifically evaluated the tem-
poral profile of serum VEGF, bFGF, and TGF-b in breast 
cancer patients who underwent minimal, moderate, or heavy 
surgery [16]. Blood samples were collected prospectively 
from 84 consecutive pre- and postmenopausal patients pre-
senting with primary (T1–T4) node negative/positive (N0–
N2) or locoregional relapsed breast cancer amenable to a 
surgical radical resection. Forty-three (52%) patients under-
went minimal (lumpectomy, quadrantectomy), 18 (22%) 
moderate (mastectomy without reconstruction), and 21 
(26%) heavy surgery (mastectomy followed by reconstruc-
tion with transverse rectus abdominis myocutaneous 
(TRAM) flap). The preoperative median values (n = 82) of 
serum VEGF, bFGF, and TGF-b levels were 84.50  pg/ml 
(range 14.97–573.66  pg/ml), 10.21  pg/ml (range 0.44–
74.70 pg/ml), and 21.45 pg/ml (range 6.34–135.94 pg/ml), 
respectively, for each type of surgery. In our study, no rela-
tionship has been observed between age, stage, biological 
features, and levels of preoperative angiogenic factors. 
Median values of VEGF, bFGF, and TGF-b usually have a 
dropout at 24–48 h after surgery. Reduction of TGF-b levels 
from preoperative to postoperative time was statistically 
significant.

Kong et  al. [14] showed that plasma TGF-b levels were 
elevated preoperatively in 81% of the patients. The mean 
plasma TGF-b level in breast cancer patients was showed to be 
normalized after surgery (19.3 ± 3.2 versus 5.5 ± 1.0 ng/ml, 
p < 0.001) in the majority of subjects; TGF-b serum levels 
were persistently elevated in case of lymph node metastases or 
overt residual tumor. No data are reported on bFGF in correla-
tion to timing or extent of surgery in patients with breast can-
cer. An overall percentage change with 23% reduction after 
surgery has been described for VEGF.  In a previous report 
[17], a significant change in serum VEGF levels compared 
with preoperative values has been described with time with an 
initial drop over the first 3 days; thereafter levels recovered. In 
this study, an analysis of the local wound response has been 
also performed, showing that VEGF levels in the wound envi-
ronment are much higher than the serum equivalent from as 
early as the first postoperative day. Then, VEGF levels peak at 
day 2 and remain at a higher level thereafter for several days. 
This observation fits well with wound vascular mechanisms in 
animal models.
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Interestingly, acute wound response could act as a 
“molecular trap” for angiogenic factors so that the reduction 
of serum levels of VEGF, TGF-b, and bFGF observed in our 
patients could be the result of an angiogenic molecule 
“trapping.”

Moreover, another explanation for reduction of angiogenic 
factors, especially for VEGF, may be related to platelet count 
drop after surgical injury. Since platelets are the main source of 
serum VEGF as well as other anti-angiogenic factors like 
PDGF, it is reasonable to suppose that trapping in wound heal-
ing could explain VEGF level drop after surgery.

Indeed, the surgical wound itself is a unique extravascular 
compartment with increased vascular permeability and a 
high surface area/volume ratio. If reabsorption occurs freely 
from the surgical wound site, changes in  local VEGF 
concentrations should be reflected in the circulation. 
Subsequent increase of VEGF (specifically in patients who 
underwent TRAM surgery) should be related to massive 
local wound VEGF production. TRAM surgery creates a 
wound with a larger surface area than wide local excision. 
This effect may mark an interaction between residual tumor- 
derived local inhibitors resulting in an initially depressed 
normal stromal angiogenic response that recovers over time. 
This would be in keeping with the evidence that tumor cells 
secrete factors that provide negative “feedback” regulation 
and serve to suppress vascular growth, restraining the growth 
of secondary tumors or metastases [18–20].

Surgical clearance of cancer involves regional extirpation, 
and residual tissues may still be under the influence of tumor- 
derived inhibitors delaying the normal angiogenic wound 
response. The mechanisms underlying these observations 
require additional investigation and may be related to the 
half-life of angiogenic stimulators, to a local effect on the 
stroma when the pro-angiogenic tumor stimulation is 
removed, or to an impairment of blood influx and platelet 
release reaction at the time of surgical injury. This muted 
response in cancer patients may represent an opportunity to 
complete surgical treatment while minimizing stimulation of 
metastatic disease, a biological argument in favor of immedi-
ate reconstruction after breast cancer surgery. Experimental 
evidence suggests that an environment rich of growth factors 
enables the survival of cancer cells left in an area of cancer 
extirpation or in the circulation (i.e., residual postoperative 
microscopic tumor remnant, [18–20]). However, as wounds 
age, the surgical site becomes less favorable to tumor implan-
tation, and when healing process is complete, injected tumor 
cells do not localize to the surgical site [19]. Thus, local 
recurrence found in conjunction with widespread metastatic 
disease is likely to have been established by perioperative 
seeding rather than as a late phenomenon. Furthermore, a 
growth factors-stimulated microenvironment may affect neo-
plastic postsurgical remnant growth as showed in vivo and 
in vitro cell lines [21]. However, our experience indicates that 

high local concentrations of angiogenic molecules may need 
to be antagonized in order to reduce the possibility to create 
an environment prone to be seeded by tumor implants. Thus, 
in vivo quantification of tissue damage response may facili-
tate the design of “wound healing” experimental models in 
order to represent a paradigm of response to surgical stress. 
Vascular and lymphatic drainage systems may offer an oppor-
tunity to manipulate the early wound environment and reduce 
local cancer recurrence rates in the future. A better under-
standing of the time interval during which the sequelae of 
events in wound healing occur may be the basis for redefining 
new therapeutic strategies that can interfere with tumor out-
growth, differentiating physiological wound healing pro-
cesses and tumor-promoting mediators thus sparing normal 
wound healing processes.

65.3  Adipocytes and Progenitor Cells

Lipotransfer, a surgical intervention of transferring adipose 
tissue from a body district to another, can be considered a 
technical revolution in plastic surgery and widely performed 
for aesthetic purpose. Lipofilling has been indicated in breast 
reconstruction and deformity correction after breast conserva-
tive treatment. However, the possible interactions between 
tumor beds and the lipoaspirate grafts are currently poorly 
understood. Scientific literature underlines the efficacy of the 
technique as well as its safety. Nevertheless, many experimen-
tal studies provide data on the endocrine, paracrine, and auto-
crine activities of the transplanted fat tissues. Adipocyte, 
pre-adipocyte, and progenitor cell secretions can stimulate 
angiogenesis and cell growth. The “tumor-stroma interaction” 
can potentially enhance cancer recurrence by “fueling” dor-
mant breast cancer cells in the tumor bed. There is a lack of 
translational research that proves this concern in clinical set-
ting. More recently, a cell- assisted lipotransfer technique has 
been proposed; in this technique, the transplant is enriched 
with stem cells from adipose tissue. This kind of approach 
opens up some concerns about graft-tumor interactions, pos-
sibly enhancing tumor growth and implant consolidation: 
indeed, transplanted fat survival results increased when the 
graft is exposed to angiogenic and growth factors such as insu-
lin and VEGF, known to be pro-tumorigenic molecules [11]. 
Most studies published in the literature focus on technique, 
complications, fat graft survival, and cosmetic results. Several 
studies are focused on breast cancer patient safety. They are 
mainly dealing with the risk of microcalcifications observed 
on the mammogram in the follow-up. No data are available on 
the risk of recurrence due to the endocrine, paracrine, and 
autocrine fat activity. In 2007, the French Society of Plastic 
Surgery addressed the question of cancer safety for the lipofill-
ing technique in breast cancer patients. The Society sent a rec-
ommendation to the French plastic surgeons to postpone the 
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lipofilling in the breast with or without breast cancer history 
unless it is performed under prospective controlled protocol. 
One year later, the American Society of Plastic Surgeons 
(ASPS) gathered eight important American plastic surgeons in 
“The ASPS Fat Graft Task Force” to assess the indications and 
the safety and efficacy of autologous fat grafting [22]. Five 
major end points were identified: (1) What are the current and 
potential applications of fat grafting? (2) What risks and com-
plications are associated with fat grafting? (3) How does tech-
nique affect outcomes of fat grafting? (4) What risk factors 
need to be considered for patient selection? (5) What advance-
ments in bench research/molecular biology should potentially 
impact current or future methods of fat grafting? The task 
force also stated that “based on a limited number of studies 
with few cases. No interference with breast cancer detection 
has been observed; however, more studies are needed.” Despite 
the fact that post-lumpectomy and postmastectomy are clearly 
included in the indications of fat graft, the task force did not 
discuss the issues of adipocyte-stroma interaction and the risk 
of development of local recurrences.

Subcutaneously or peritoneally co-transplantation of 
murine mammary carcinoma cells into adipose tissue-rich 
environment regions can lead to tumor growth and metastasis 
[23]. This is the main interesting concept of local effect 
acting via paracrine, autocrine, or “tumor-stroma interaction” 
pathway that can also happen in lipofilling procedures to the 
breast. We have evidence that both stimulatory and inhibitory 
effects can be observed in the experimental researches. Some 
of the studies tried to validate single type of cell or type of 
adipokine which may be responsible for some particular 
stages of breast cancer cell line development. However, the 
majority of those studies are from fundamental research and 
in vitro study and somehow difficult to link with the clinical 
model. Indirect data that support safety of fat transfer are 
based on reconstruction using an autologous flap technique 
such as transverse rectus abdominis myocutaneous (TRAM) 
flap and deep inferior epigastric perforator (DIEP) flap. 
Despite the large amount of fat tissue transferred with the 
flap, no increased risk of cancer recurrence has been 
published in the literature. However both techniques should 
be distinguished. Autologous flap is made of a complex 
tissue with its own vascular system; the composition or ratio 
of the fat tissue in the flap is not altered. Lipotransfer fat 
composition is altered from original donor site ratio. After 
conservative treatment, the fat tissue is injected through the 
glandular tissue. Such injection of adipocytes are able to 
produce adipokines and several secretions which can 
potentially induce cancer reappearance by “fueling” dormant 
breast cancer cells in the tumor bed through the “tumor- 
stroma interaction.” We cannot conclude that the flap transfer 
does not have any tumor-stroma interaction. Illouz et  al. 
reviewed a personal series of 820 patients with lipofilling; 
only 381 patients were cancer patients; other indications 

were for congenital breast asymmetry and cosmetic 
augmentation without cancer history [24]. However, they 
could not make the conclusion in terms of oncological safety 
because almost half of the patients were lacking oncological 
data and follow-up. Rietjens et al. reported one of the biggest 
series focus on lipotransfer in breast cancer treatment and 
reconstruction. They followed 158 patients and found that 
postoperative complication rates are very low and there is 
little alteration in follow-up mammograms. Although they 
found only one recurrence in 18 months, they concluded that 
the potential risk of local “dormant” tumor cells being 
stimulated to induce a local recurrence is still unclear [25]. 
Another study based on cancer evolution by Rigotti compared 
the number of LRR of the same group of patients in the pre- 
and post-lipofilling [26]. Such methodology should be 
criticized, because the risk of locoregional recurrence (LRR) 
decreases with time and cannot be considered as equivalent 
in the pre- and post-lipofilling period. The authors excluded 
104 breast conservative treatment patients from the whole 
study populations which breast conservative treatment 
patients could be the group at most risk of LRR.

Petit et  al. reported a match cohort study (n = 321) of 
patients operated for a primary breast cancer with breast- 
conserving surgery or mastectomy and reconstructed with 
lipofilling at the European Institute of Oncology in Milan 
[27]. A comparable cumulative incidence of LRR was 
showed with a HR of 1.11 for lipofilling- vs non-lipofilling- 
matched cohort (p  =  0.792). Interestingly, lipofilling 
reconstruction resulted in a worse outcome when executed in 
patients operated for intraepithelial neoplasia [28] with a 
5-year cumulative incidence recurrence of 18% and 3% for 
lipofilling and non-lipofilling groups, respectively (p = 0.02). 
The recurrence occurred close to the lipofilling injection in 
more than 90% of cases, supporting the concept of an 
angiogenic-promoting process in the site of fat grafting, 
particularly for younger patients (less than 50 years) and less 
differentiated histology (high-grade neoplasia or Ki-67 ≥ 14).

There is increasing evidence that the stroma is important for 
driving tumor growth. When performing a fat transfer proce-
dure, we should consider the potential adipokine downstream 
effects on breast cancer tumorigenesis. Adipokines can poten-
tially increase the interaction between tumor and stromal cells 
rather than conferring self-sufficiency to the tumor. Adipocytes, 
pre-adipocytes, and adipokines can promote or inhibit breast 
cancer cell tumorigenesis through autocrine and paracrine 
mechanisms, thus enhancing tumor- stroma interactions, repre-
senting a major concern in proposing this technique of recon-
struction, particularly for patients with a precancerous breast 
lesion like DCIS (ductal carcinoma in situ).

Since November 2007, the French Society of Plastic 
Surgery (SOFCPRE) recommends not to use adipose tissue 
in breast surgery until its safety has been proved 
incontrovertibly. Moreover, the authors underline that the 
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autologous fat grafting to the breast is not a simple procedure 
and should be performed only by well-trained and skilled 
surgeons. The major complications can be observed when 
this procedure is performed by untrained and untutored 
physicians and the role of education in the lipofilling 
technique is of paramount importance.

We cannot state that lipofilling procedure is dangerous or 
should not be done in patients with breast cancer, since avail-
able data are balanced on suppressive or promoting effects of 
fat transfer on breast cancer progression. Therefore, we should 
promote translational research to evaluate the role of fat graft-
ing in the development of breast tumor, to evaluate if fat graft-
ing may induce cancer recurrence (especially after radiotherapy) 
and to evaluate whether cancer induction or recurrence depends 
on angiogenesis mediated by cytokines produced by the lipo-
filling-related fat grafting process. Clinical studies based on an 
accurate follow-up of patients with breast cancer who under-
went lipotransfer are required to definitively address all rele-
vant questions. A prospective clinical registry including 
high-volume multicenter collaborative data is warranted.

65.4  Conclusion

The alteration in the circulating levels of proangiogenic 
cytokines may play an important role in the perioperative 
period, for a possible risk of systemic metastasis spreading. 
However, high local concentration of growth factor may 
need to be antagonized. A better understanding of the precise 
molecular sequelae of events in wound healing may pose the 
basis for the definition of new therapeutic strategies that can 
interfere with tumor outgrowth, sparing normal wound 
healing processes.

Moreover, there is increasing evidence that the adipocyte, 
pre-adipocyte, and progenitor cell can promote breast cancer 
cell tumorigenesis. Clinical studies with control group based 
on accurate follow-up are so required to confirm the safety of 
lipotransfer in breast cancer patients. Accordingly, surgical 
trial of breast reconstruction after breast cancer primary 
treatment is addressing the question of oncological safety 
(NCT02339779).
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Fat Transfer Safety in Breast Cancer 
Patients

Jean-Yves Petit

Although lipotransfer is not a new technique [1], it can be 
considered a technical revolution in plastic surgery and 
widely performed all over the world for aesthetic surgery [2, 
3]. More recently the fat grafting has been indicated in breast 
cancer patients to improve the results of breast reconstructions 
and to correct deformity after conservative treatments [4–7]. 
Current literature underlines the efficacy of the technique as 
well as the safety of the procedure in cancer patients. But 
experimental studies provide data on the endocrine, 
paracrine, and autocrine activity of the transplanted fat 
tissue. Adipocyte, pre-adipocyte, and progenitor cell 
production of adipokines and several other secretions can 
stimulate angiogenesis and growth of breast cancerous cells 
through endocrine, paracrine, and autocrine pathways. The 
“tumor-stroma interaction” can potentially induce cancer 
reappearance by “fueling” dormant breast cancer cells in the 
tumor bed [7–10]. In order to confirm the safety of fat 
grafting procedure in breast cancer patients, clinical studies 
based on an accurate follow-up of patients with breast cancer 
who underwent fat grafting are required using relevant 
statistical methods to demonstrate with a control group that 
the local recurrence rate as well as any cancer event is not 
increased in the fat grafting group.

66.1  Biological Considerations

There is increasing evidence that obesity, an excess accumu-
lation of adipose tissue occurring in mammalians when 
caloric intake exceeds energy expenditure, is associated with 
an increased frequency and morbidity of several types of neo-
plastic diseases, including postmenopausal disruption of the 
energy homeostasis results in obesity, inflammation, and 
alterations of adipokine signaling that may foster initiation 

and progression of cancer [11–15]. Other recent studies, 
some of which are based on endogenous WAT expressing a 
transgenic reporter, showed a significant level of adipose cell 
contribution to tumor composition. However, WAT contains 
several distinct populations of progenitors, and these data 
were obtained using crude or mixed cell populations. We 
therefore decided to purify by sorting the two quantitatively 
most relevant populations of WAT progenitors (endothelial 
cells and adipose stromal cells; ASC) and to investigate 
in vitro and in vivo their role in several orthotopic models of 
local and metastatic breast cancer. Compared with bone mar-
row-derived CD34+ cells mobilized in blood by granulocyte 
colony-stimulating factor (G-CSF), purified human WAT-
derived CD34+ cells were found to express similar levels of 
stemness-related genes and significantly increased levels of 
angiogenesis-related genes and of FAP-α, a crucial suppres-
sor of antitumor immunity. In vitro, WAT-CD34+ cells gener-
ated mature endothelial cells and endothelial tubes. In vivo, 
the coinjection of human WAT-CD34+ cells contributed to 
orthotopic tumor vascularization and significantly increased 
tumor growth and metastases in models of human breast can-
cer in non-obese, diabetic, severe combined immunodefi-
cient (NOD/SCID) interleukin-2 receptor γ (IL-2Rγ)-null 
(NSG) mice.

66.2  Oncologic Safety

Fat transfer should not be considered only as a neutral bio-
logical material able to restore the body contour [16]. Several 
studies underline the power of the transferred fat to regener-
ate the blood supply of the skin disorders after radiotherapy 
[17]. Such active regeneration of the tissue can be explained 
by the presence of a high percentage of progenitor cells 
included in the fat tissue. Several recent papers have gener-
ated new hope about the use of white adipose tissue (WAT)-
derived progenitor cells for soft tissue reconstruction in a 
variety of diseases including breast cancer, a procedure that 
is increasingly used worldwide (in the breast cancer field, 
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however, we believe that the hype for the exciting results in 
terms of WAT progenitor cell engraftment and tissue aug-
mentation should be tempered when considering the recent 
and abundant preclinical studies indicating that WAT pro-
genitors may promote breast cancer growth and metastasis). 
In two different studies, we showed at the IEO an increase of 
the locoregional recurrences in the in situ breast cancer 
patients associated with fat grafting when compared to a 
match control group of patients who did not received a fat 
grafting in their follow-up [18, 19]. However, the review of 
the statistical results of our study shows that with a longer 
follow-up the locoregional recurrence difference is no more 
significant.

Gale and collaborators published a control study on 328 
patients with previously treated malignant breast disease 
who underwent fat grafting, matched to the double of patients 
treated for breast cancer without fat grafting [20]. After a 
mean follow-up of 88  months after breast cancer and 
32 months after fat grafting, no significant excess oncologic 
events were observed with regard to local (0.95 versus 
1.90%; p = 0.33), regional (0.95% versus 0%; p = 0.16), and 
distant metastasis (3.32% versus 2.61%; p = 0.65).

As breast conserving treatment (BCT) provides a higher 
risk of remaining cancer cells in the breast tissue, as com-
pared to mastectomy, we set up  a new match control study 
on fat grafting after 322 invasive breast cancers treated by 
BCT.

We collected 322 consecutive patients operated for a pri-
mary invasive breast cancer between 1997 and 2008 who 
subsequently underwent fat grafting for breast reshaping. All 
the patients were free of recurrence before the fat grafting. 
For each patient, we selected one patient with similar 
characteristics who did not undergo a fat grafting.

Results: Eighty-nine percent of the tumors were invasive. 
Median follow-up was 4.8 years from what seems to be a 
safe procedure after BCT for breast cancer patients (PRS (in 
press)).

No difference between the local events (14 lipo vs 16 con-
trols p = 0.49). Axillary nodes metastasis (3 lipo vs 6 con-
trols p = 0.23). Distant metastases (14 lipo vs 15 controls 
p = 0.67). Contralateral BC (4 lipo vs 5 controls p = 0.51).

Recently, Kronowitz et al. published a large study of lipo-
filling performed after breast cancer treatment [21]. They 
compared 719 patients in the study group to 670 controls. 
The matching criteria were less rigorous than in the Gale or 
in the Milan study, but the number of patients was much 
more important. After a mean follow-up time of 60 months 
after mastectomy, 44  months for controls, locoregional 
recurrence was observed in 1.3% of cases (9 of 719 breasts) 
and 2.4% in the group of controls (16 of 670 breasts). The 
cumulative 5-year locoregional recurrence rates were 1.6% 
and 4.1% for cases and controls. Systemic recurrence 
occurred in 2.4% of cases and 3.6% of controls (p = 0.514). 

Kronowitz concluded that lipofilling in a breast cancer 
patient does not increase the risk of locoregional or systemic 
recurrences.

66.3  Conclusion

Although several clinical studies do not show an increasing 
risk in terms of safety of breast cancer patients, the biological 
analysis together with the experimental research underlines 
the activity of fat tissue on cancer cells. It is still mandatory 
to set up randomized trials on delayed or immediate fat 
grafting to reassure definitely the patients.
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Oncologic Safety of Oncoplastic 
Surgery

Siun M. Walsh and Mahmoud El-Tamer

The use of oncoplastic breast surgery has increased substan-
tially in recent years and has many benefits for the patient, 
including those related to cosmesis, quality of life, and avoid-
ance of mastectomy. However, surgical oncologists have 
expressed concern regarding the oncologic safety of these 
procedures. There has been speculation, due to a variety of 
reasons, that oncoplastic procedures may compromise onco-
logic outcomes. Oncoplastic surgery has been associated with 
a higher complication rate than standard breast-conserving 
surgery, and this has raised concerns that commencement of 
adjuvant therapy may be delayed in these patients. 
Mobilization of glandular tissue in oncoplastic surgery leads 
to displacement of the tumor bed, posing challenges for re-
excision of margins and also for delivery of radiation boost. 
These issues will be discussed in detail in this chapter.

67.1  Oncologic Outcomes

Several of the issues that we will discuss in this chapter have 
caused concern that patients receiving oncoplastic surgery 
may receive suboptimal cancer treatment and, therefore, 
have worse oncologic outcomes.

The largest analysis to address this concern was a system-
atic review, published in 2016 [1]. The authors included 40 
studies that described oncologic outcome in patients undergo-
ing oncoplastic breast surgery. The majority of the included 
studies looked specifically at patients who had volume dis-
placement oncoplastic surgery procedures. Others examined 
those who had volume replacement procedures, and the 
remainder of the studies included patients who had a variety 
of oncoplastic procedures. The quality of studies included in 
this analysis was strikingly poor, with only two studies hav-
ing a median duration of longer than 60 months and only 

seven studies analyzing cohorts of more than 100 patients. 
Overall, the studies had median follow-up periods of 
10–74 months. The margins were reported to be involved in 
0–36% of patients. Local recurrence rates ranged from 0 to 
10.8%, and the rate of distant recurrence ranged from 0 to 
18.9%. There were six studies in the systematic review with a 
follow-up of 48 months or more and cohorts of more than 50 
patients [2–7]. Among these studies, the local recurrence 
rates ranged from 1.6% to 6.8%. Distant recurrence was only 
reported in two of these studies, and was 10% and 13%.

The European Institute of Oncology in Milan reported 
their long-term experience with oncoplastic procedures [8]. 
The study evaluated 454 patients who underwent glandular 
mobilization, mastopexy, or round block procedure between 
the years 2000 and 2008. Each patient undergoing an onco-
plastic procedure was matched with two patients who had 
undergone a standard breast-conserving operation. The 
patients were matched for age, year of surgery, and patho-
logical tumor size. All patients received whole-breast radia-
tion therapy and boost to the tumor bed. Patients who had 
intraoperative radiation were excluded. The median follow-
up was 7.2 years. The majority of patients in the study (66%) 
were 50 years of age or younger. The majority had T1 tumors 
(55%) with node-negative disease (54.4% of the oncoplastic 
breast surgery group and 56% of the standard breast-con-
serving surgery group). The incidence of multifocality was 
higher in the oncoplastic breast surgery cohort (25.8% versus 
13%, p > 0.001). Negative margins were achieved in 88.3% 
of the oncoplastic breast surgery group and 90% of the stan-
dard breast-conserving surgery group. Overall survival was 
similar in the two groups. There was a difference in disease-
free survival, however (10-year disease-free survival 69% 
with oncoplastic breast surgery and 73.1% with breast-con-
serving surgery, p = 0.049). When local recurrence, regional 
recurrence, and distant recurrence were examined individu-
ally, there was no difference between the two groups (10-
year local recurrence 6.7% versus 4.2%, 10-year regional 
recurrence 3.1% versus 2.8%, 10-year distant recurrence 
12.7% versus 11.6%).
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The same group published a similar study looking specifi-
cally at T2 tumors and included 193 patients who had onco-
plastic procedures, from 2000 to 2008, with a median 
follow-up of 7.4  years [9]. They were compared with 386 
patients who had mastectomy for T2 tumors, who were 
matched for year of surgery, age, tumor subtype, and number 
of positive nodes. The estimated 10-year overall survival was 
87% for both groups. Projected 10-year disease-free survival 
was 60.9% following oncoplastic breast surgery and 56.3% 
following mastectomy (p = 0.69). Local recurrence, as one 
might expect, was higher in the oncoplastic breast surgery 
group (7.3% versus 3%), but this was not statistically signifi-
cant (p = 0.082).

The rate of regional recurrence was higher in the mastec-
tomy group (8% versus 2.2%, p  =  0.04), which may be 
accounted for by the higher rate of radiation therapy follow-
ing oncoplastic breast surgery and a slightly larger tumor 
size in the mastectomy cohort. The rate of distant recurrence 
was comparable (18.9% after oncoplastic breast surgery and 
19.6% postmastectomy).

Overall, there is no compelling evidence to support fears 
that oncoplastic surgery leads to inferior outcomes in breast 
cancer patients.

67.2  Delay in Adjuvant Treatment

Oncoplastic breast surgery, by definition, is more complex 
than standard breast-conserving surgery, and this, along with 
the increased length of surgery and increased incidence of 
contralateral procedures, has led to an assumption that the 
complication rate is higher for oncoplastic surgery. 
Complications of breast surgery may lead to delays in the 
commencement of adjuvant therapy, and these delays have 
been shown to have a negative impact on outcome. Klit et al. 
studied a cohort of 1798 women undergoing surgery for 
breast cancer in Denmark from 2011 to 2012 [10], of whom 
445 had oncoplastic surgery, 529 had mastectomy, and 824 
had standard breast-conserving surgery. The mean age and 
body mass index were lowest in the mastectomy group. The 
mean tumor size was largest in the mastectomy patients and 
smallest in the patients who underwent standard breast- 
conserving surgery. Axillary node dissection was most fre-
quently performed in the mastectomy group (29%) followed 
by the oncoplastic breast surgery group (14%). The standard 
breast-conserving surgery group had the lowest rate of axil-
lary node dissection at 8%. None of the patients who had 
breast-conserving surgery had a contralateral procedure, as 
compared with 12% of those who had oncoplastic breast sur-
gery and 1% of those who had mastectomy. There was no 
difference in mean time from surgery to commencement of 
adjuvant chemotherapy (34.3 days postmastectomy, 34.9 days 

after breast-conserving surgery, 34.2 days after oncoplastic 
breast surgery). A similar study carried out in the United 
Kingdom comprising 169 patients reported 29 days (range 
16–58) to initiation of chemotherapy following oncoplastic 
breast procedures (n =  31) compared to 29.5  days (range 
15–105) after standard breast-conserving surgery (n = 66), 
29 days (range 15–57) after mastectomy without reconstruc-
tion (n = 56), and 31 days (range 15–58) after mastectomy 
with immediate reconstruction (n = 16) [11].

So far, there is no evidence that oncoplastic breast surgery 
is associated with a significant delay in commencement of 
adjuvant therapy.

67.3  Margins

There is concern that the rearrangement of tissue in onco-
plastic procedures may compromise the ability to accurately 
identify margins that need to be re-excised. However there is 
compelling evidence that oncoplastic surgery reduces re-
excision rates. A study from the Virginia Mason Medical 
Center looked at the effects of implementation of an onco-
plastic program at the institution [12]. They found that the 
mastectomy rate decreased from 34% to 15% (p < 0.001) and 
the re-excision rate decreased from 32% to 18% (p < 0.001). 
The complication rate remained low, at approximately 5%.

Clough et al. published their experience of the manage-
ment of positive margins following oncoplastic surgery [13]. 
A total of 277 patients who underwent level II oncoplastic 
surgery for breast cancer from 2004 to 2013 were 
retrospectively analyzed. Lateral mammoplasty was the 
most commonly performed procedure (42.6%), followed by 
superior pedicle mammoplasty (14.8%) and J-mammoplasty 
(9.4%). The definition of a positive margin was “no tumor at 
the inked margin.” The margins were positive in 11.9% of 
patients. This rate was slightly higher in patients who had 
received neoadjuvant chemotherapy (13.4%). Of the 33 
patients with a positive margin, 11 had re-excision and 22 
proceeded to mastectomy. In previous studies, the incidence 
of positive margins has also been found to be low, but in 
many of these studies, re-excision was not attempted in 
patients who had undergone oncoplastic surgery, and the 
patients had mastectomy to achieve clear margins [6, 14–17]. 
It is important to note that these patients may have been 
undergoing oncoplastic surgery because their tumors were 
too large for standard breast-conserving surgery, and this 
may be why re-excision was not attempted. However, it is 
also possible that the surgeons may have not been confident 
in their ability to identify the area to be re-excised.

Several solutions have been proposed to address this per-
ceived reluctance to attempt re-excision of margins in 
patients who have had oncoplastic breast surgery. The 
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concept of staged oncoplastic surgery is in its infancy, and 
concrete data have yet to be published in its support. This 
involves delaying the reconstructive component of the 
procedure for several days until the final pathological report 
is available, in case re-excision of margins is needed. The 
obvious drawback of this is that the patient must have an 
additional anesthetic. A small case series on intraoperative 
frozen section reported a positive predictive value of 0.62; 
the negative predictive value was 0.97, however, for a final 
accuracy of 0.94. These data have yet to be replicated [18].

67.4  Radiation Therapy

The European Organisation for Research and Treatment of 
Cancer (EORTC) 22811-10882 randomized controlled trial 
of 5318 patients found that among patients who had under-
gone breast-conserving surgery, those who received whole-
breast radiation and also a local boost had fewer ipsilateral 
breast tumor recurrences compared with patients who 
received whole-breast radiation alone (16.4% versus 12%) 
[19]. Those younger than 40 years of age derived the most 
benefit. Patients undergoing oncoplastic breast surgery tend 
to be younger and tend to have larger tumors, and so radia-
tion boost is of particular importance to them. With onco-
plastic surgery, complex parenchymal rearrangement may 
result in the tumor bed being located distant from the skin 
incision and even in a different quadrant than the original 
tumor site. Therefore, the traditional ways of identifying the 
area to boost, such as identification of scar or seroma cavity, 
or boosting the quadrant of the tumor, are not reliable for 
these patients. A systematic review of papers reporting radia-
tion techniques in patients who had undergone oncoplastic 
surgery identified 24 studies comprising 1933 patients [20]. 
They found that the use of a boost was only reported in 11 
studies, and in two of these studies, it was only reportedly 
administered to patients with incomplete margins. Clipping 
of the tumor cavity was only mentioned in eight studies. This 
indicates that there may be a reluctance to administer a boost 
to patients who have undergone oncoplastic surgery, and that 
clipping the cavity in these patients is possibly under-used.

Thomas et  al. surveyed breast surgeons in the United 
States, and only 33.1% stated that they “always” place clips 
at the time of oncoplastic reduction surgery or complex 
tissue reorganization. Radiation oncologists were also 
surveyed, and 38.7% responded that they only deliver a boost 
if clips have been placed. This highlights the importance of 
placing clips to mark the tumor bed during oncoplastic breast 
surgery, in order to guide the delivery of radiation boost, and 
also highlights the need for clear communication between 
surgical and radiation oncologists.

67.5  Conclusions

In conclusion, there is no evidence to suggest that oncoplas-
tic surgery is associated with adverse cancer outcomes or 
delays in initiation of adjuvant therapy. With clear documen-
tation of surgical technique, re-excision of margins is feasi-
ble in these patients. Clipping of the tumor bed and clear 
communication with the multidisciplinary team are essential 
to facilitate radiation boost after oncoplastic breast surgery.
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Preoperative and Postoperative 
Nursing Considerations 
for the Oncoplastic and Reconstructive 
Patient

Liza L. Lagdamen, Maeve O. Benitez, Jennifer Fox, 
and Marian Fitzpatrick

The diagnosis of breast cancer is challenging emotionally 
and physically. Nursing care must encompass all the 
dimensions of the patient [1]. The nurse must educate 
sensitively, in accordance with each individual patient’s 
learning preference. Breast cancer diagnosis can cause stress, 
anger, fear, denial, and frustration. It is therefore essential for 
nurses to be able to recognize these feelings and to educate 
in a manner that is beneficial to the patient and her overall 
postoperative outcome.

Kessels [2] theorizes that about 40–80% of the medical 
information provided to patients by healthcare professionals 
is forgotten immediately and that the more information pro-
vided, the less the patient retains; Kessels also theorizes that 
half of that which is remembered is incorrect. Barriers to 
learning include the use of difficult medical terminology, 
the manner in which the information is provided (written 
versus verbal), and patient-related factors, such as education 
level. Additionally, age and anxiety can affect memory 
recall [2]. Assessing and addressing the needs of the indi-
vidual patient will foster a caring relationship that allows for 
developing trust between nurse and patient. Nurses, nurse 
practitioners, and clinical nurse specialists play a vital part-
nership role with patients in this context through preopera-
tive and postoperative teaching, meaningful communication 
at concurrent visits, and becoming a support system for 
patients.

68.1  Oncoplastic Surgery

Breast-conserving therapy (BCT) using an oncoplastic 
approach has been receiving widespread attention due to 
cosmetic results and the convenience of having same-day 
surgery. Same-day surgery is defined as admission, surgery, 
and discharge on the same day. One of the key components 
to a successful ambulatory surgery is preoperative education. 
In many instances, patients who appear to understand their 
nurse’s explanations regarding the ambulatory patient pro-
cess, pain management, and postoperative care are not fully 
comprehending what is being explained to them because of 
the anxiety they are experiencing [3]. There are different 
types of oncoplastic procedures applied for breast recon-
structions. These procedures fall under two broad catego-
ries—the glandular displacement and mastopexy with or 
without breast reduction. In glandular displacements, the 
local breast tissue is mobilized and approximated to close the 
lumpectomy defect. With major oncoplastic procedures, the 
oncologic defect is closed by mobilizing the breast tissue 
while using a mastopexy or breast reduction techniques.

68.2  Reconstructive Surgery

Breast reconstruction can help patients regain physical and 
emotional wholeness [4]. Immediate breast reconstruction 
has a positive influence on patient satisfaction and health- 
related quality of life at the conclusion of treatment [5]. 
There are many positive psychological implications for 
women who choose reconstruction after mastectomy. These 
include improved body image and self-esteem, decreased 
anxiety and depression, and improved feelings of sexual 
attractiveness and satisfaction [6–8]. There are various 
immediate or delayed breast reconstruction options follow-
ing mastectomy, including tissue expander insertion, imme-
diate reconstruction with implant, autologous reconstruction 
using pedicle flap, autologous tissue transfer with muscle, or 
transfer of skin and muscle with expander or implant recon-
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struction of the breast following mastectomy [9]. Meticulous 
nursing care and proper patient education in the periopera-
tive period is essential to prevent complications and ensures 
positive postoperative outcomes.

According to the American Society of Plastic Surgeons, 
102,215 breast reconstruction procedures were performed in 
2014. Reconstruction with a tissue expander and implant 
accounted for about 73% of those reconstructive procedures. 
Reconstruction using a tissue expander with implant is the 
most common breast reconstructive option and offers the 
shortest surgical time with the easiest recovery compared to 
autologous intervention [9]. This approach requires two 
separate surgical procedures. The advantages of this method 
are simple operation, no morbidity at distant donor site, no 
additional scars, reduced operating time, and faster 
postoperative recovery [10]. The expander can be filled with 
sterile saline at the time of surgery, or can be filled on an 
outpatient basis when adequate skin healing has occurred, 
typically beginning 10–14  days after mastectomy. The 
number of expansion visits is variable and depends on the 
amount of fluid instilled at time of surgery, the amount of 
fluid the woman can tolerate at expansion, and the final 
volume desired [9]. Although this type of procedure is one of 
the most common reconstructive options, patients are often 
not fully aware of the two-step process. It is important to 
reinforce the need for a second procedure to complete 
reconstruction. After tissue expanders are inserted, an MRI 
cannot be done until the temporary expander is removed [9].

The objective of postmastectomy reconstructive surgery 
is to restore the appearance of a natural breast mound. 
Limitations of alloplastic (implant) breast reconstruction 
include a generally more rounded and less ptotic breast 
mound, which consequently requires a contralateral breast 
procedure for symmetry [11]. In autologous breast 
reconstruction, the patient’s own available tissue is utilized 
to rebuild the breast, thereby providing a more natural shape, 
a softer consistency that mimics that of a natural breast, and 
a long-lasting aesthetic result [12].

Tissue flap reconstruction describes the removal of skin, 
fat, muscle, and blood vessels from one area of the body for 
the reconstruction of another [13]. Autologous breast flaps 
can be designed as pedicled or free flaps. In a pedicled flap, 
the tissue remains attached to its original blood supply as it 
is rotated, tunneled under the skin, and reattached to vessels 
in the chest wall. A free tissue transfer describes a tissue flap 
that is completely severed from its blood supply. Circulation 
is then restored when the blood vessels are reconnected to 
vessels in the chest wall by microsurgery [13]. There are 
various flap-based reconstruction types and the size of the 
patient’s natural breast, her desired breast size, her lifestyle 
(i.e., involvement in sports), her medical/surgical history, her 
desire for unilateral versus bilateral breast reconstruction, 

the timing of cancer-related treatment, and the quantity and 
quality of donor tissue will all be taken into consideration by 
the plastic surgeon during the consultation [14]. Some 
surgeons will require magnetic resonance or computed 
tomographic angiography for preoperative planning to 
determine if the perforators are adequate for reconstruction 
using a deep inferior epigastric perforators (DIEP) flap.

In 1982 Hartrampf et al. introduced the pedicled trans-
verse rectus abdominis muscle (TRAM) flap as an option for 
breast reconstruction [11, 15]. The TRAM flap’s greater abil-
ity to achieve a more natural-looking breast without neces-
sitating an implant and secondary aesthetic improvements in 
the donor site helped to make it a popular choice among plas-
tic surgeons [11, 15]. Pedicled flaps continue to be the pre-
ferred flaps in community medical centers without access to 
intensive perioperative monitoring and/or highly specialized 
equipment required for microsurgery [11].

68.3  Preoperative Teaching

Prior to surgery, the nurse will review general preoperative 
teaching with the patient. At most institutions, patients will 
be instructed to shower with an antibacterial soap. Hibiclens 
(chlorhexidine), the agent used at our institution, is a topical 
skin cleanser that is used to clean the skin to prevent 
infections that may be caused by surgery, injection, or skin 
injury. Patients are instructed to purchase this at any local 
pharmacy and to use it the night before surgery and the 
morning of surgery. In areas with limited resources, the use 
of a generic antibacterial soap (e.g., Dial) may be an option. 
A clinical study performed by Rao et al. [16] suggests that a 
preoperative decolonization that includes mupirocin and 
chlorhexidine bathing is a safe way to significantly reduce S. 
aureus surgical site infections in patients undergoing total 
joint arthroplasty.

68.4  Supportive Bra

It is important to remind patients to bring a good supportive 
bra, such as a sports bra, to wear after breast-conserving 
surgery. If patients are having an axillary node dissection, a 
surgical bra will be provided to accommodate the drains. 
During the first 2 weeks, patients are encouraged to wear this 
bra both day and night to minimize any movement that could 
cause pain. Laura et al. [17] have undertaken a randomized 
controlled study to compare a breast binder with a bra 
postoperatively for patients undergoing lumpectomies and 
total mastectomies. There is good evidence from this study 
that postoperative discomfort can be decreased by using a 
well-fitting bra rather than by using the traditional breast 
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binder. It has been found that a well-fitted cotton bra is 
cooler, less irritating, and generally more comfortable both 
in the first 24 h after breast surgery as well as beyond. Most 
women also found it to be more easily applied and more 
attractive.

Those patients undergoing breast reconstruction with tis-
sue expander or implant and following major oncoplastic 
procedures will be fitted for a bra in the operating room. The 
bra should be worn at all times for the first 10–14 days for 
compression in the postoperative period. The bra will 
accommodate the drains in this case as well. The surgeon 
will decide if a bra is to be used following nipple-sparing 
mastectomy. Blood flow to the nipple could be compromised 
in this case, so it may be avoided.

Patients undergoing autologous tissue transfer are advised 
not to wear any clothing items that could put pressure on the 
flap and therefore occlude perfusion. In most flap-based 
reconstructions, patients are prohibited from wearing a bra 
for the first 2–4 weeks after surgery.

68.5  Postoperative Considerations

68.5.1  Pain/Arm Sensations

Patients often tolerate breast surgery quite well and have 
minimal pain during the postoperative period. This is partic-
ularly true of less invasive procedures such as BCT with sen-
tinel lymph node biopsy (SLNB). Medications such as 
hydrocodone bitartrate with acetaminophen (Norco®) often 
work well in the immediate postoperative period. Patients 
having more invasive procedures, such as axillary lymph 
node dissection (ALND) or mastectomy with immediate 
breast reconstruction, may have considerably more pain and 
may require stronger narcotics in addition to nonsteroidal 
anti-inflammatory drugs (NSAIDS). One of the most com-
mon complaints patients will describe postoperatively is 
soreness and numbness to the axilla. These sensations gener-
ally result from injury to the intercostal- brachial nerve. They 
may also experience sensory changes in the inner aspect of 
the upper arm, breast, or chest wall. Common sensations also 
include tenderness, tightness, pulling, twinges, and hyper-
sensitivity. These sensations usually persist for several 
months and then begin to diminish. Baron et al. [18] con-
ducted a study to evaluate the prevalence, severity, and level 
of distress of 18 sensations at baseline (3–15  days) and 
5 years after breast cancer surgery and compared sensations 
after SLNB with those after SLNB plus immediate or delayed 
ALND. They concluded that the prevalence, severity, and 
level of distress of sensations were lower after SLNB com-
pared with ALND, but that some morbidity existed after 
SLNB. Certain sensations remained highly prevalent in both 

groups for up to 5 years, including tenderness and twinges 
after SLNB and tightness and numbness after ALND.  It is 
important to properly educate patients prior to surgery on 
what to expect postoperatively in order to decrease patient 
anxiety and manage patient expectations. Furthermore, 
informing the patient preoperatively that some of these sen-
sations may not be controlled with pain medication, particu-
larly the sensation related to transection or injury to the 
intercostal-brachial nerve, is important. For those patients 
undergoing reconstruction, the expanders are filled by inject-
ing a self- sealing magnetic port that is under the skin. It is 
common for women to report tightness and fullness follow-
ing a tissue expansion. This is treated with over-the-counter 
analgesics, such as acetaminophen or ibuprofen, and warm 
showers and by the performance of range-of-motion exer-
cises. Symptoms often improve 48–72 h after expansion.

68.5.2  Monitoring Tissue Perfusion 
with Autologous Reconstruction

Operative time can vary from 4 to 10 h depending on the type 
of flap, whether the flap is unilateral or bilateral, and the 
complexity of the patient’s anatomy. Once the surgery is 
complete, the patient will be transferred to an intensive care 
unit where close monitoring of flap perfusion can be 
performed. Pedicled and free tissue flaps will have different 
requirements for observation. Flaps may be monitored every 
30–60 min while in the intensive care unit.

Clinical monitoring of a flap includes assessment of the 
skin for appropriate color, turgor, capillary refill, pinprick, 
and temperature. In addition to clinical monitoring, the 
surgeon may utilize certain technologies, such as Doppler 
ultrasonography or surface temperature probes, to monitor 
flap perfusion. In a review of microvascular complications 
over 11 years, Bui et al. found that most breast microvascular 
complications occurred within 48 h of surgery; they therefore 
recommend inpatient monitoring for 3–4 days [19].

The free flap survival rate is quoted to be about 95–99% 
[20]. Complications leading to flap failure include 
thrombosis, bleeding, hematoma, and seroma formation. 
Cervenka et al. report that approximately 17% of free flaps 
will experience some form of vascular compromise with 
salvage rates at 70–80% [20]. Decreased perfusion must be 
reported to the surgeon immediately, as it may indicate a 
compressed blood vessel or clot formation and will require 
urgent re-exploration for possible salvage [20, 21]. If early 
clinical detection of decreased perfusion is delayed, the 
likelihood for potential salvage decreases. Flap failure can be 
a physically and emotionally devastating setback for the 
patient. Patients with failed flaps may require hospitalization, 
additional surgeries to rebuild a breast mound, and longer 
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recovery. Flap failure can also delay chemotherapy and 
radiation impacting the treatment goals. The study by 
Haddock et  al. of 26 microvascular centers found that in 
90.9%, the nursing staff were primarily responsible for 
monitoring the flap [1], thus highlighting the critical role 
nurses play in the immediate postoperative period.

Upon discharge, patients with visible skin islands are edu-
cated to observe the flap for changes in temperature, color, 
and size. They must call the surgeon and present for evalua-
tion if the flap or skin paddle feel abnormally cool to touch, 
if they turn bluish, or if swelling is noted.

68.5.3  Other Postoperative Considerations 
for Autologous Reconstruction

Motakef et al. [22] performed a systematic review to guide 
the management of patients undergoing microsurgical free 
tissue transfer. Their recommendations include maintaining 
fluid balance and hydration, as this ensures adequate blood 
flow and oxygen delivery to the transferred tissue. Nurses 
administer intravascular fluids as ordered until the patient is 
able to take fluids orally [13]. Care must be taken to manage 
patient oral intake and urinary output. Oral intake must be 
advanced slowly to prevent nausea and vomiting. Severe 
vomiting can cause wound dehiscence [13] and can strain the 
anastomosis made. Lastly, patients may be prescribed an 
anticoagulation regime to prevent anastomotic thrombosis. 
Motakef et al. [22] recommend either aspirin 325 mg orally 
or heparin 5000 IU subcutaneous daily. Nurses caring for a 
microvascular patient should be aware of the anticoagulation 
protocols in their hospital so that they may best be able to 
anticipate patient needs.

68.5.4  Drain Care

Patients are familiarized with the drain process during their 
consent appointment, but patients are often still uncomfortable 
and will need reeducating at time of discharge. It is important 
for the nursing staff to show a sample of the drain to both 
patient and care providers, so they can familiarize themselves 
with the drain process. Educational handouts and/or video 
links should be provided ahead of time to help decrease the 
level of anxiety and manage expectations regarding the drain 
process.

At time of breast reconstruction, drains are placed to col-
lect fluid under the skin for 1–2 weeks. For patients undergo-
ing autologous reconstruction, drains are also placed at the 
donor sites, such as the abdomen. Stripping the drains is 
reviewed to maintain patency and prevent obstruction of the 
drains. After the drains are removed, the patient should be 
educated on monitoring for seroma formation.

68.5.5  Seroma

A seroma is a serous fluid collection that may occur after 
breast cancer surgery. It may develop under the skin flaps of 
a mastectomy or in the axillary free space after axillary node 
dissection. Seromas are often noted to be more of an 
inconvenience rather than a postoperative complication; 
however, seromas that form near a tissue expander or implant 
can cause infection if left untreated. They can be 
uncomfortable for the patient, and oftentimes patients will 
have to make multiple postoperative clinic appointments to 
have the seroma evacuated. This is done using a percutaneous 
needle to aspirate the fluid.

There have been several methods used to address sero-
mas, such as mechanical pressure, use of fibrin sealant, 
restriction of shoulder movement, and use of drainage 
devices. Pogson et al. [23] conducted a systemic review of 
these methods and found that none provided a solution to the 
problem. Conversely, Kontos et al. [24] concluded that pres-
sure dressings are an effective, cheap, and easy-to-apply 
means of reducing the time with drains in situ after MRM, 
the number of patients developing seromas, and the number 
of seromas aspirated. Patients should be educated on the 
signs and symptoms of a seroma and when to report findings. 
This will decrease patient anxiety levels and help facilitate 
the postoperative recovery phase.

68.5.6  Surgical Site Assessment 
and Monitoring for Cellulitis Post 
Reconstruction

After breast-conserving surgery, the surgeon will apply 
Steri-Strips and a transparent impermeable dressing, such as 
an Opsite™ or a Tegaderm™. Patients are informed that 
showering is allowed after the first postoperative day. We 
advise patients to remove the clear dressing after 72–96 h 
and to leave the Steri-Strips in place until the post-op 
appointment. It is important to stress to patients that 
showering with soap and water is beneficial to the healing 
process. Often, patients are reluctant to touch the incision or 
apply water to the area. Postoperatively, there is a loss of 
sensation in part of the breast in patient undergoing BCT and 
in the totality of the skin overlying the tissue expander. To 
avoid skin burns, the patient should test any heat source (e.g., 
hot water, warm compresses, etc.) on a skin surface with 
intact sensation prior to applying it to the operative site.

Periprosthetic infection following breast reconstruction 
using tissue expanders poses a significant problem and 
complicates the course of postoperative recovery [25]. The 
repercussions of cellulitis are widespread. Infection can 
delay adjuvant treatment, require implant removal, and have 
emotional and psychological effects on the patient. There 
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also may be a need for additional surgical procedures that 
require hospital admissions and thereby increase costs. 
Infection rates for the surgical treatment of breast cancer are 
documented between 3% and 15% [26].

Involvement of the nursing team is essential to ongoing 
education and support for the patient and her family. The 
nurse or advanced practice nurses must provide personalized 
care that accounts for individual differences, needs, and 
intended outcomes [9]. The importance of monitoring 
incisions for any changes or signs of infection is essential in 
proper postoperative care. When the initial surgical dressing 
is removed postoperatively, the nurse should assist the patient 
in looking at the incisions for emotional support, as well as 
to begin the education process of incision care and daily 
assessment. Teaching women to immediately report signs 
and symptoms of infection, such as fever, chills, malaise, 
erythema, induration, or incisional separation, can allow for 
early detection and treatment of infection. In addition, nurses 
must provide proper aseptic technique and skin preparation 
when performing expansions to prevent infection. Repeat 
visits for ongoing expansions allow the nurse to develop a 
relationship with the patient and ample time to provide 
patient education. Ongoing education provides the patient 
with the tools necessary to play an active role in the recovery 
and prevention of complications.

Specific risk factors place some women at higher risk for 
developing complications postoperatively. McCarthy et  al. 
found that smoking, obesity, hypertension, and age >65 years 
were among these risk factors following postmastectomy 
tissue expander/implant reconstruction [27].

Jones et al. found that the use of preoperative prophylactic 
antibiotics significantly reduces the risk of surgical site 
infections [26]. Patients can be placed on antibiotics for a 
short period postoperatively to decrease the risk of infection. 
The nurse must educate the patient about antibiotic 
administration, possible adverse reactions, and side effects 
of antibiotic therapy.

68.5.7  Lymphedema

Lymphedema remains a potential side effect from breast can-
cer surgery despite the increase in use of SLNB procedures. 
Signs and symptoms of lymphedema may include heaviness, 
tightness, or swelling of the breast, arm, hand, or fingers. 
Patients who undergo SLNB have a 0–7% risk of developing 
lymphedema compared to patients who undergo an axillary 
node dissection, who have a 15–25% risk of developing 
lymphedema [28]. In a meta-analysis study, Kell et al. [29] 
compared the short- and long-term morbidities associated 
with axillary node dissection vs sentinel lymph node biopsy. 
They found that patients who undergo SLNB are signifi-
cantly less likely to develop postoperative morbidity relative 

to ALND (Table 68.1) [29, 30]. Higher body weight, higher 
BMI, infection, and injury to the ipsilateral side are signifi-
cant risk factors for developing lymphedema. It is important 
to educate the patient on the signs and symptoms of lymph-
edema along with self-care measures. In 2011 Armer et al. 
performed a study to examine patients’ perceptions of limita-
tions related to self-care measures to reduce lymphedema 
risk following breast cancer surgery [31]. Their findings 
indicated a need for nurses to be cognizant of the patient’s 
needs for personal support to engage in result-achieving self-
care. This personal support includes affirmation, comfort, 
tangible aid, empathy, clarification, and the provision of 
information. Education alone on self-care measures to reduce 
the risk of lymphedema is not likely to be sufficient for all 
patients. Patients should be assessed on their knowledge of 
self-care measures, which can include manual lymphatic 
drainage and deep breathing, and on the importance of exer-
cise, healthy diet, and proper skin care. A study performed 
by Lee et al. [32] concluded that some women receive con-
flicting information about the extent to which they may use 
their arm after surgery, with some advice recommending 
women to avoid strenuous arm activity and other advice 
encouraging the opposite. This can be very confusing to the 
patient and cause frustration. Healthcare professionals 
should be educating patients on the newest evidence so that 
patients can receive accurate and consistent information 
regarding arm use after surgery.

68.5.8  Cording

Cording, also known as axillary web syndrome (AWS), is a 
complication that can occur after breast surgery. Cords are 
rope-like structures that develop mainly under the axilla, but 
that can extend to involve the medial aspect of the ipsilateral 
arm down to the antecubital fossa [33]. The incidence of cord-
ing following breast cancer surgery is reported to range from 
6% to 72% [34, 35]. Lymphatic cording can be associated with 

Table 68.1 Short- and long-term morbidities associated with axillary 
node dissection vs sentinel lymph node biopsy

N SLNB ALND OR (95%CI) P
Node positive 8928 27.6% 28.8% 1.0 (0.86–1.17) 0.916
Wound 
infection

2781 Low Higher 0.58 (0.42–0.8) 0.0011

Seroma 2125 Low Higher 0.40 (0.31–0.51) 0.0071
Arm swelling 2154 70% lower in 

SLNB
0.30 (0.14–0.66) 0.0028

Numbness 3265 Low Higher 0.25 (0.1–0.59) 0.0018

Note: NSABP B-32 reports the superiority of SLNB compared to 
ALND relative to postsurgical morbidity outcomes over a 3-year 
follow-up period
SLNB sentinel lymph node biopsy, ALND axillary lymph node 
dissection, OR odds ratio, CI confidence interval
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pain and limitation of shoulder movement. In a study by 
Moskovitz et al. [35], 74% of patients with AWS had shoulder 
abduction restricted to less than 90°. Treatment for cording is 
typically self-limiting; however, interventions, including 
range-of-motion exercises, nonsteroidal medications, and 
heat-compressive therapy, have been suggested [36]. It is 
important to educate patients on the signs and symptoms of 
AWS to prevent delayed range of motion and possible frozen 
shoulder. Early intervention with effective treatment is vital to 
long-term mobility.

68.6  Physical Activity

68.6.1  BCT/Oncoplasty

It is recommended that patients abstain from applying heavy 
pressure over the operated breast and refrain from physical 
activities that result in heavy bouncing of the breast (such as 
jogging and heavy cardiovascular exercises) for a period of 
6–8 weeks so as not to disrupt the repair [37]. Wearing a 
sports bra during light activities is recommended to help 
alleviate pain and decrease swelling. Other forms of physical 
activities are strongly encouraged, particularly those related 
to rehabilitating the shoulder motion of the operated side. 
Arm stretches with full shoulder motion, yoga, Pilates, and 
weight lifting are all encouraged, provided no pressure is 
applied to the operated breast to avoid disruption of the 
repair of the breast defect.

68.6.2  Reconstruction

Following breast reconstruction, patients are given surgeon- 
specific guidelines regarding physical activity. For at least 
6  weeks following surgery, patients should avoid lifting 
objects more than five to ten pounds and vigorous exercise. 
Activities involving pushing or pulling should be limited. 
The surgeon will recommend range-of-motion exercises, 
which can begin in the hospital and should continue after 
discharge [13]. In alloplastic-based reconstruction, these 
exercises are started on post-op day 1, but may be limited to 
90° until the final postoperative drain is removed. In 
autologous reconstruction, these exercises may not be 
initiated until 2 weeks after surgery to avoid straining the 
anastomotic connections made. Range-of-motion exercises 
should be started once it is deemed safe to do so. If range of 
motion is hindered and there is limited improvement with 
these exercises, patients can be referred to physical therapy. 
Nurses should assess range of motion at each visit and 
educate the patient to stretch the affected arm slowly, to the 
point of discomfort but not pain. Each position should be 
held as long as possible [13]. Wearing clothing that opens in 

the front, such as button-up shirts that are easier to put on, is 
recommended while range of motion is limited in the 
immediate postoperative period. Clothing choices can also 
improve self-esteem during the expansion process. Loose- 
fitting, printed blouses, tops, sweaters, and scarves can mask 
asymmetry in unilateral reconstruction or until optimal size 
is achieved. Patients are instructed to avoid submerging 
incisions in bath, pool, or jacuzzi environments following 
surgery to avoid infection. Patients are sometimes asked to 
avoid showering above the waist until Jackson Pratt drains 
are removed. In addition, it is common to have decreased 
sensation following mastectomy; therefore, the importance 
of avoiding hot packs or cold compresses must be 
communicated to avoid skin breakdown and burns on 
mastectomy skin flaps.

Patients are encouraged to ambulate after surgery to pre-
vent other complications such as blood cloths or pneumonia. 
In autologous-based reconstruction, patients are advised to 
avoid activities that might stretch or strain the donor sites. In 
abdominal-based free flaps, for example, patients may be 
asked to lean slightly forward to decrease tension over the 
abdominal incision.

68.7  Conclusion

The diagnosis of cancer is life altering and can be devastat-
ing for patients. Patients are often confronted with a variety 
of emotions, such as anger, denial, fear, and hopelessness. 
Nurses are usually the first members of the healthcare team 
who patients will see following diagnosis. A majority of 
patients require surgical intervention, which is usually 
scheduled within a few weeks. During their consultation, 
patients are asked to process and comprehend a great deal of 
information in a short amount of time. They are then expected 
to make decisions regarding their care with that information 
just provided.

Patients often require the expertise of different special-
ties. Some patients will meet with a breast surgeon, a plastic 
and reconstruction surgeon, a medical oncologist, and a radi-
ation oncologist during the course of their treatment. As a 
result, nurses and the other specialties must collaborate, and 
each plays a critical role in helping patients understand all of 
the information. Moreover, navigating through different spe-
cialties and deciding on treatment options can be an over-
whelming and frightening experience. Nurses are entrusted 
with the responsibility to educate, advocate, and become 
resources for patients throughout the continuum of their 
care. Open and ongoing patient-nurse communication is 
facilitated through telephone conversations, follow-up visits, 
and the use of electronic communication. It is essential in 
this context for nurses to provide patients with adequate 
information, both preoperatively and postoperatively, to keep 
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patients well informed and enable patients to become their 
own health advocates.

Patients should be encouraged to have family members or 
care providers present during their consultations. Most 
patients are unable to comprehend all the information that is 
provided during these consultations, and having family 
members or care providers present can give patients 
additional information-processing support and can help 
patients by their asking of appropriate questions on a patient’s 
behalf. Providing patients and care providers with set 
expectations can help to decrease the anxiety and fear that 
accompanies a diagnosis of breast cancer.

Cancer has no boundaries; it affects people at any point in 
their lives. Along with our colleagues, we hope to ease the 
journey for patients and family members in this difficult 
situation by providing sufficient education and continued 
support, which, in turn, will lead to better outcomes and an 
improved patient experience.
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Aesthetic and Quality of Life After 
Breast Reconstruction

Gabriela dos Santos and Cicero Urban

69.1  Introduction

There are many gaps concerning satisfaction and quality of 
life of patients undergoing breast cancer treatment. Some 
authors report high levels of satisfaction with their outcomes, 
although the findings are limited by the use of different 
methods and small series [1]. Patient satisfaction is the result 
of the care and attention given as well as some subjective 
opinions. The levels of satisfaction also depend on other 
factors, such as socioeconomic factors, clinical conditions, 
and the treatment as a whole, including adjuvant therapy, 
preservation of the nipple and areola complex (NAC), and 
contralateral symmetrization [1].

The development of oncoplastic surgery is one of the 
greatest achievements for the treatment of breast cancer, 
where better aesthetic outcomes, less psychological damage, 
and better quality of life are expected. By use of reductive 
mammaplasty techniques, large areas can be resected for the 
treatment of large tumors, preserving the breast and keeping 
the symmetry with the contralateral breast, therefore 
resulting in satisfactory oncological and aesthetic results.

Subcutaneous mastectomy, preserving or not preserving 
the NAC and preserving the inframammary crease, is also 
an excellent option, as it can produce aesthetic outcomes 
that are better than those achieved with partial resections for 
some specific cases. When radical mastectomy is indicated, 
it is important to consider the following procedures: imme-
diate reconstruction with a myocutaneous flap from the 
abdominal wall (transverse rectus abdominis myocutaneous 
flap or TRAM flap) or from the latissimus dorsi, or even 
implants, all of which help improve the physical and psy-

chological well-being of the patient, having a positive 
impact on quality of life.

The aim of this chapter is to analyze the criteria for 
aesthetic and quality-of-life evaluation after breast 
reconstruction.

69.2  Aesthetic and Oncological Results

Randomized trials have shown that conservative breast surgery 
achieves the same oncological results as for mastectomy in 
small tumors [2, 3]. Rietjens et al. [4] demonstrated a rate of 
around 8% of exiguous margins or compromised ones in 
patients with T1–T2 tumors undergoing conservative surgery 
with oncoplastic techniques, a lower percentage compared with 
the 10% for patients with T1 tumors from the NSABP B-06 
study. Therefore by using oncoplastic techniques it is possible to 
achieve wider margins and lower risk of of compromised mar-
gins, which means better control of local recurrence.

A satisfactory oncological result is the most important 
aim of conservative surgery. Indications for conservative sur-
gery have been reviewed and have included patients with 
large tumors, who would undergo mastectomy in the past. 
Nowadays, such patients can undergo conservative proce-
dures using concomitant plastic remodeling techniques and 
contralateral symmetrization.

Immediate breast reconstruction after mastectomy, pre-
serving or not preserving the NAC, using implants or myocu-
taneous flaps, associated with surgery of the contralateral 
breast contributes to better outcomes and patient satisfaction 
as to her body image, preserving the woman’s self-esteem.

Among other things, the aesthetic outcome depends on 
the size and shape of the breasts, tumor location, and the 
experience of the person who performs the evaluation. The 
existing scales do not cover all of these individualized 
aspects or the patient’s opinion (Table 69.1).

The panel evaluation method (PEM) remains the most 
common and accepted approach to subjective evaluation of 
cosmetic results [5, 6]. Vrieling et al. suggest that a panel 
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should consist of at least five members considering that sig-
nificant variation between observers is common, including 
both professionals and nonprofessionals from diverse back-
grounds [7]. On the other hand, Haloua et al. suggest that it 
may contain only three observers [8].

In 1979, Harris et al. [9] evaluated the aesthetic outcomes 
considering fibrosis, breast retractions, changes in the skin, 
and the matchline effect. The scoring system was as follows: 
score 0 for none, 1 for slight, 2 for moderate, and 3 for severe. 
In addition, other classifications were also used: scar 
unapparent (0), scar apparent (1), and major tissue loss (2). 
As a whole, the aesthetic results were classified as 1 for 
excellent (treated breast nearly identical to untreated breast), 
2 for good (treated breast slightly different from untreated 
breast), 3 for fair (treated breast clearly identical to untreated 
breast but not seriously distorted), and 4 for poor (treated 
breast seriously distorted).

Two objective methods were described to assess aes-
thetic results in breast conservative surgery, Breast Cancer 
Conservative Treatment. cosmetic results (BCCT.core) 
[10] and the Breast Analyzing Tool (BAT) [11]. Both 
methods evaluate photographic records of the patients. 
BCCT.core analyzes parameters related to asymmetry, 
color change, and scar, whereas BAT focuses only on 
asymmetry.

The BCCT.core program automatically evaluates several 
indices used for the aesthetic evaluation of breast cancer 
conservative treatment (asymmetry, skin color change, and 
scar visibility). BCCT.core then uses artificial intelligence 
techniques to translate these measures into an overall 
objective classification of aesthetic results reported to the 
user as excellent, good, fair, or poor [12, 13]. A former 
analysis showed that the BCCT.core aesthetic status agreed 
fairly with the patient perspective, measured by the breast 
conservation surgery treatment outcome scale (BCTOS) 
 aesthetic status [14–16].

Haloua et al. studied the strengths and weaknesses of the 
BCCT.core software with a ten-member panel from various 
backgrounds, assessing patients after breast conserving 
therapy [8]. Mean overall BCCT.core score and mean overall 
panel score substantially agreed (weighted kappa: 0.68). By 
contrast, analysis of the evaluation of scar tissue revealed 
large discrepancies between the BCCT.core software and the 
panel [8]. Analysis of subgroups formed from different 
combinations of the panel members still showed substantial 
agreement with the BCCT.core software (range 0.64–0.69), 
despite personal background [8]. Therefore, although the 
analysis of scar tissue by the software shows room for 
improvement, the BCCT.core represents a valid and efficient 
alternative to panel evaluation [8].

Two other studies, recently published, evaluated aesthetic 
results in oncoplastic surgery and in immediate breast 
reconstruction with implants, comparing a specific software 
program with a specialist’s opinion and the patient’s opinion. 
There was no agreement between them [17]. In the first 
series, this piece of software was applied for the first time in 
OP. Concordance between the specialists and the software 
was considered poor (K = 0.12). This result, in part, was due 
to the use of Garbay’s scale instead of Harris’s scale. 
Although Harris’s scale is a good methodology for aesthetic 
evaluation in breast conserving surgery, in this study 
Garbay’s scale seemed to be more appropriate, since it takes 
more account on some specific details in relation to 
symmetry; this could be better for evaluation in OP. Another 
important point that could explain this result is that the 
software evaluation analyzed the breasts in a single position, 
whereas specialists analyzed in three positions [18]. In the 
second series, in which the patient underwent immediate 
breast reconstruction with implants, there was a significant 
difference between the aesthetic results evaluated by patients 
and those evaluated by specialists and software (p < 0.001). 
In contrast to that, this difference was not observed between 
software and specialist’s evaluation [19].

The BAT program uses well-defined landmarks (jugulom-
amillary distance and distances from the nipples to the edge 
of the breast) and calculates the difference between left and 
right breasts. This difference in length is multiplied by the 

Table 69.1 Examples of methods for the evaluation of aesthetic 
results

Methods
Parameters 
used Scores Conclusion

Harris’s scale [9, 
38]

Fibrosis, breast 
retractions, 
changes in the 
skin and the 
matchline 
effect

0 = none
1 = slight
2 = moderate
3 = severe

Excellent, 
good, fair, or 
poor

Breast Cancer 
Conservative 
Treatment. 
cosmetic results 
(BCCT.core) 
[12, 13]

Asymmetry, 
skin color 
change, and 
scar visibility

Excellent, 
good, fair, or 
poor

Breast 
Analyzing Tool 
(BAT) [11, 13]

Asymmetry Good, fair, and 
poor

Garbay et al. 
[20]

Volume and 
shape of 
breasts, 
symmetry, 
position of the 
sulcus and scar

Ranging from 
0 (worst result) 
to 10 (best 
result)

Calabrese et al. 
[21]

Shape, volume, 
and symmetry

Ranging from 
1 (worst result) 
to 3 (best 
result)

8–9 = excellent
6–7 = good
4–5 = fair
3 or 
below = poor
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difference in surface area and is noted as a percent difference 
and as a difference factor. The values obtained can be con-
verted to a simplified three-point Harris’s scale (good, fair, 
poor) [11, 13].

The BCTOS aesthetic status, constructed by Stanton et al. 
[16], contains 22 items. It was designed to assess women’s 
subjective evaluation of both the aesthetic and the functional 
outcome after breast cancer treatment. Patients are instructed 
to rate each item of the BCTOS questionnaire on a four-point 
scale evaluating the differences between the treated and the 
untreated breast (1 for no difference to 4 for large difference). 
The English version produced a coherent factor structure on 
18 items and 3 internally consistent scales, which are defined 
as functional status (e.g., shoulder and arm movement, 
stiffness or pain), cosmetic status (e.g., breast size and 
texture, breast shape, scar tissue), and breast-specific pain 
(e.g., breast pain, breast tenderness, and sensitivity) [16].The 
value of the score of each scale is the mean of the ratings 
over all the items belonging to this scale [15].

Another method described to evaluate the aesthetic results 
and modified by Garbay et al. [20] considers the volume and 
shape of the breast, symmetry, the position of the 
inframammary crease, and scars (Table 69.2). This instrument 
seems to be the most complete one from the objective point 
of view for the evaluation of aesthetic results by experts.

Another scale reported in the literature, developed by 
Calabrese et al. [21], uses a scoring system that ranges from 
1 to 3 and the values of parameters that can be easily 
identified and quantified by the researcher: shape, volume, 
and symmetry of the operated on breasts (Table 69.3). A sum 
of the scores of the three parameters between 8 and 9 was 
considered excellent, between 6 and 7 was good, between 4 
and 5 was fair, and 3 or below was poor. This scoring was 

reduced by one point every time the following elements were 
identified: visible scar, NAC badly placed, and visible cuta-
neous effects from radiotherapy.

BREAST-Q, a patient-reported outcome instrument, was 
developed with strict adherence to recommended interna-
tional guidelines to address the lack of instruments for breast 
surgery patients [22]. It has been translated into 30 languages, 
and it quantifies the impact of cosmetic and reconstructive 
breast surgery, pre- and postoperatively, on health-related 
quality of life (including physical, psychosocial, and sexual 
well-being) and patient satisfaction (including satisfaction 
with breasts, outcome, and care) [23].

There are currently four modules (breast reduction, aug-
mentation, reconstruction, and mastectomy without recon-
struction), each of which includes a core of independent 
scales assessing six domains (satisfaction with breasts, 
satisfaction with overall outcome, psychosocial well-being, 
sexual well-being, physical well-being, and satisfaction with 
care). For each item, the use of response categories scored 
with successive integer scores (e.g., 1 for very dissatisfied to 
4 for very satisfied) implies a continuum of increasing 
satisfaction, from less (very dissatisfied) to more (very 
satisfied).

Since its inception in 2009, the number of publications 
incorporating the BREAST-Q has increased each year [23]. 
From the 49 publications, a total of 22,457 patients completed 
at least one subdomain of the BREAST-Q. Of these partici-
pants, 20,390 patients completed one or more scales from the 
breast reconstruction module. The breast reconstruction mod-
ule was utilized in 39 references; the augmentation module 
was reported in seven references, the reduction module in 
four, and the mastectomy module in three [23].

69.3  Quality of Life

In 1947, the World Health Organization defined quality of 
life for the first time as “a state of complete physical, mental 
and social well-being, not merely the absence of disease or 
infirmity.”

Quality of life is the result of a combination of subjective 
factors, such as the overall level of satisfaction of an 
individual with his/her own life, and objective factors, such 

Table 69.2 Scale modified by Garbay et al. [20]

Subscale Category 0 Category 1 Category 2
Volume of 
breast

Marked 
discrepancy 
relative to 
contralateral 
side

Mild discrepancy 
relative to 
contralateral side

Symmetrical 
volume

Shape of breast Marked contour 
deformity or 
shape 
asymmetry

Mild contour 
deformity or 
shape asymmetry

Natural or 
symmetrical 
contour

Placement of 
breast

Marked 
displacement

Mild 
displacement

Symmetrical 
and aesthetic 
placement

Inframammary 
fold

Poorly defined/
not identified

Defined, but with 
asymmetry

Defined and 
symmetrical

Breast scars Poor 
(hypertrophy, 
contracture)

Fair (wide scars, 
poor color match, 
but without 
hypertrophy, 
contracture)

Good (thin 
scars, good 
color match)

Table 69.3 Scale for evaluation of aesthetic results

Parameters Score
Shape 1 2 3
Volume 1 2 3
Symmetry 1 2 3
  Rough and visible scar −1
  NAC badly placed −1
  Cutaneous effects from radiotherapy −1

Source: Calabrese et al. [21]
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as material well-being, good family relations, promptness to 
undergo cancer treatment, and reliability on the medical 
care, to sum up, various items that provide one with peace, 
reliability, confidence, and well-being. Quality of life needs 
to cover all human needs, concerning their physical, 
psychological, social, and spiritual aspects.

Quality of life must be considered throughout all phases 
of the treatment of a cancer patient. In fact, all symptoms and 
problems intrinsically related to cancer and its treatment 
may affect the patient, and they include limitations in daily 
activities and toxicity resulting from chemotherapy. Many 
patients still experience changes concerning their jobs, social 
relations, physical capability, and role within the family.

As a whole, the findings demonstrate that physicians tend 
to underestimate functioning incapability, the severity of 
symptoms, psychological afflictions, and psychiatric 
morbidity among their patients [24, 25]. So, the use of 
questionnaires that evaluate quality of life has been a way to 
discover the functioning, psychological, and social needs of 
patients.

In the past decade, the psychosocial impact of cancer 
has become a central aspect concerning both the care of 
patients and the research on this disease. Much research 
focuses on specific aspects of quality of life that were for-
merly neglected, such as body image and sexuality [26, 27]. 
However, there are still few data taking into consideration 
the period of the end of the primary treatment and extended 

life [27]. Some researches suggest that problems involving 
sexuality are usual [26, 28–30], but there is also a decline in 
the quality of life, body image, humor, and family relations 
[30, 31].

Several instruments have been used to evaluate quality of 
life, but we have noticed that they are general questionnaires 
that do not assess the specific changes realized and experi-
enced by patients undergoing breast cancer treatment 
(Table 69.4). We have realized that there are changes con-
cerning the self-esteem, sexuality, and femininity that are not 
properly and satisfactorily assessed in the questionnaires 
already described and validated. These general instruments 
aim to evaluate, in a global way, important aspects related to 
quality of life (physical, social, psychological, spiritual), for 
instance, the Medical Outcomes Study 36-Item Short Form 
Health Survey (SF-36) [32], the World Health Organization 
Quality of Life (WHOQOL) [33], the European Organization 
for Research and Treatment of Cancer Breast Cancer- Specific 
Quality of Life Questionnaire (EORTC QLQ-BR23) [34], 
and Functional Assessment of Cancer Therapy-Breast 
(FACT-B) [35], and during the climacteric the most relevant 
ones are the Menopause Specific Quality of Life Questionnaire 
(MENQOL) [36], the Menopause Rating Scale (MRS) [37], 
and the Women’s Health Questionnaire (WHQ) [38]. These 
questionnaires have proven reliable.

Recently a systematic review evaluated manuscripts which 
contained information regarding either the development 

Table 69.4 Examples of instruments for the evaluation of quality of life

Instruments
SF-36 [40, 42] Consisting of 11 questions, in a total of 36 items, divided in eight components: functioning capacity (10 items), 

physical aspects (4 items), pain (2 items), overall health condition (5 items), vitality (4 items), emotional aspects 
(3 items), mental health (5 items), social aspects (2 items), and a question that compares the current health 
condition with that of 1 year before

WHOQOL-100 [33] Comprising 24 facets scored in six domains: physical health, psychological health, levels of independence, social 
relationships, environment, and spirituality, religion, and personal belief

EORTC QLQ-C30 [34] The domains of the functional scale include overall quality of life, physical functioning, role/performance, 
cognitive functioning, emotional functioning, and social functioning
The three domains of the symptom scale are fatigue, pain, and nausea/vomit
And the six simple items are dyspnea, insomnia, loss of appetite, constipation, diarrhea, and financial problems

EORTC QLQ BR-23 [34] Consisting of 23 questions, incorporated to multi-items to measure side effects of chemotherapy, symptoms 
related to the arm and the breast, body image, and sexuality. There are simple items to expose the sexual 
satisfaction, disturbance due to hair loss and future perspectives

EORTC trial 10,801 [43] 10 questions, related to body image, fear of recurrence, satisfaction concerning the treatment and the aesthetic 
results

FACT-B [35] Includes physical, social, emotional, functional subscales plus the breast cancer subscale (BCS)
Rosenberg self-esteem scale 
[44, 45]

10 questions, with four options for each answer: strongly agree, agree, disagree, or strongly disagree

STAI (State-Trait Anxiety 
Inventory) [42]

20-item scales for measuring state anxiety and trait anxiety

CES-D (Center for 
Epidemiologic Studies 
Depression scale) [42]

20-item self-report scale designed to measure the presence and degree of depressive symptoms

RAND 36-Item Health 
Survey 1.0 [41, 46]

Divided in eight dimensions: physical functioning, bodily pain, role limitations due to physical health problems, 
role limitations due to personal or emotional problems, general mental health, social functioning, vitality 
(energy/fatigue), and general health perceptions. In addition, it includes a single item providing an indication of 
perceived changes in health
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process or the metric properties of health- related quality-of-
life instruments used among breast cancer patients. Each 
instrument was evaluated independently by two researchers, 
and occasionally a third one, using the Evaluating Measures 
of Patient-Reported Outcomes (EMPRO) tool. An overall 
score and seven attribute-specific EMPRO scores were cal-
culated (range 0–100, worst to best): concept and measure-
ment model, reliability, validity, responsiveness, 
interpretability, burden, and alternative forms. The FACT-B 
scored the highest on overall in our EMPRO evaluation of 
instruments measuring health-related quality of life among 
breast cancer patients. However, depending on the purpose 
of the study, several instruments (EORTC BR-23, IBCSG, 
SF-36, and WHOQOL BREF) have shown good perfor-
mance in some of the specific individual dimensions 
included in the EMPRO [39].

SF-36 is a multidimensional questionnaire that consists of 
11 questions, with a total number of 36 items, divided into 
eight components: functioning capacity (ten items), physical 
aspects (four items), pain (two items), overall health condi-
tion (five items), vitality (four items), emotional aspects 
(three items), mental health (five items), social aspects (two 
items), and a question that compares the current health con-
dition with that of 1  year before. Each component corre-
sponds to a value that ranges from zero to 100, for which 
zero represents the worst and 100 the best health condition 
[40, 41]. Nevertheless, this questionnaire has some limita-
tions, such as not including questions concerning sexuality.

WHOQOL-100 is an instrument that covers 24 facets, 
assessed by 96 questions, and one general health and overall 
quality of life facet. Each facet is measured with four items 
with a five-point Likert scale. Twenty-four facets were ini-
tially scored in six domains of overall quality of life: physi-
cal health, psychological health, levels of independence, 
social relationships, environment, and spirituality, religion, 
and personal beliefs [33]. Nowadays, it is well accepted to 
convert these 24 facets into four domains as described by the 
WHOQOL group [40]. High facet scores indicate good qual-
ity of life, except for the facets pain and discomfort, negative 
feelings, and dependence on medication or treatments, which 
are negatively framed. The timeframe of reference is the pre-
vious 2 weeks. The reliability and validity [40] are adequate, 
and the sensitivity of the instrument is high [42].

EORTC QLQ-C30 and BR-23 is a questionnaire trans-
lated and validated in 81 languages, and it is used in over 
3000 studies all over the world. QLQ-C30 3.0 is the most 
recent version, and it must be used in all new studies. It con-
sists of 30 questions that define five functioning scales, 
three symptom scales, an overall quality of life item, and six 
simple items. The scales comprise a single question. EORTC 
QLQ-C30 is supplemented by specific disease modules, for 
instance, breast (QLQ BR-23), lung, head and neck, esopha-
geal, ovary, gastric, and cervical cancer and multiple 
myeloma. The domains of the functioning scale are overall 

quality of life (items 29 and 30), physical functioning (items 
1–5), role/performance (items 6 and 7), cognitive function-
ing (items 20 and 25), emotional functioning (items 21–24), 
and social functioning (items 26 and 27). The three domains 
of the symptom scale are fatigue (items 10, 12, and 18), pain 
(items 9 and 19), and nausea/ vomit (items 14 and 15). The 
six simple items are dyspnea (item 8), insomnia (item 11), 
loss of appetite (item 13), constipation (item 16), diarrhea 
(item 17), and financial difficulty (item 28). Module BR-23 
consists of 23 questions incorporated in multi-item scales to 
measure side effects from chemotherapy (items 31–34 and 
36–38), symptoms related to the arms (items 47–49) and the 
breast (items 50–53), body image (item 39–42), and sexual-
ity (items 44 and 45). There are simple items to evaluate 
sexual satisfaction (item 46), disturbance due to hair loss 
(item 35), and future perspectives (item 43) [34].

EORTC Trial 10,801 is a study that evaluated the quality 
of life of 278 patients, 127 undergoing radical modified 
mastectomy and 151 undergoing conservative surgery, using 
a questionnaire with 10 questions concerning body image, 
fear of recurrence, and satisfaction with both the treatment 
and the aesthetic results [43]. Although this questionnaire 
has not been validated yet, it seems to be the most adequate 
to evaluate the satisfaction level of patients undergoing 
breast cancer treatment (Table 69.5).

Table 69.5 EORTC trial 10,801: quality of life questionnaire [43]

All of 
the 
time

Most 
of the 
time

Some 
of the 
time

Little 
of the 
time

None 
of the 
time

1.  I feel self-conscious 
about my appearance

1 2 3 4 5

2.  I am bothered by 
thoughts about the 
recurrence of cancer

1 2 3 4 5

3.  I feel ashamed of my 
body

1 2 3 4 5

4.  I believe that the 
difficulties with my 
illness are over

1 2 3 4 5

5.  I feel self-conscious 
about being seen 
nude by husband/
partner

1 2 3 4 5

6.  I don’t feel like 
myself

1 2 3 4 5

7.  I feel uneasy about 
my future health

1 2 3 4 5

8.  I don’t feel as if my 
body belongs to me

1 2 3 4 5

9.  If I should have to be 
treated again, I 
should like to have 
the same therapy

1. Certainly
2. Probably
3. Probably not
4. Certainly not

10.  The treated breast 
resembles the other 
one

1. Very much
2. Quite a bit
3. A little
4. Not at all
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FACT-B is designed for self-administration by patients 
with breast disease and has been widely used since 1997. 
FACT-B consists of FACT-General (FACT-G) plus the breast 
cancer subscale, which complements the general scale with 
items specific to quality of life in breast cancer. FACT-G 
includes physical, social, emotional, and functional sub-
scales. Subjects are required to choose the most suitable 
answer according to each item of each subscale: “not at all,” 
“a little bit,” “somewhat,” “quite a bit,” and “very much.” All 
subscale items are summed to a total, which is the subscale 
score. All subscales are scored so that a higher score is cor-
related with a more favorable quality of life, i.e., the higher 
the score, the better the quality of life [35].

In the past few decades, some scales have been used to 
measure the patient’s level of satisfaction, such as the 
Rosenberg Self-Esteem Scale, which is widely accepted 
among the international scientific community [44, 45], 
through which the patient evaluates herself. The scale is com-
posed of ten questions, with four options for each answer: 
strongly agree, agree, disagree, or strongly disagree. The 
scale produces a score that ranges from 0 (best possible self-
esteem) to 30 (worst possible self-esteem) [45] (Table 69.6).

Other scales are also reported in the literature are the 
State-Trait Anxiety Inventory (STAI) and the Center for 
Epidemiologic Studies Depression Scale (CES-D).

STAI consists of two 20-item scales for measuring state 
anxiety and trait anxiety [42]. This scale assesses how people 
feel at a particular moment in time and has a four-point rating 
scale ranging from 1 (not at all/almost never) to 4 (very much 
so/almost always).

CES-D is a 20-item self-report scale designed to measure 
the presence and degree of depressive symptoms over the 
past week. The rating scale ranges from 1 (seldom or never) 

to 4 [(almost) always]. Scores can range from 0 to 60; scores 
above 16 are suggestive of depressive symptoms [42].

The RAND 36-Item Health Survey version 1.0 is practi-
cally identical to SF-36 [41] and evaluates health in eight 
dimensions: physical functioning, bodily pain, role limita-
tions due to physical health problems, role limitations due to 
personal or emotional problems, general mental health, 
social functioning, vitality (energy/fatigue), and general 
health perceptions. In addition, it includes a single item pro-
viding an indication of perceived changes in health. The 
rationale for these dimensions is that the health concepts are 
most frequently included in widely used health surveys. The 
items used to measure the scores per dimension were 
adapted from instruments that have been used for 
20–40 years or longer [41]. Subscale scores are represented 
on a scale from 0 to 100. A high score indicates a good 
health status. The timeframe for evaluation of functioning is 
the previous 4 weeks. RAND-36 has good reliability and 
validity [46].

69.4  Clinical Cases

The aesthetic results were evaluated for three cases 
(Figs.  69.1, 69.2, and 69.3) using two models: the scale 
modified by Garbay et al. [13] (Tables 69.7, 69.9, and 69.11 
for cases 1, 2, and 3, respectively) and the Calabrese scale 
(Tables 69.8, 69.10, and 69.12 for cases 1, 2, and 3, 
respectively).

In case 3, there was a difference in the results using the 
two instruments, which draws our attention to the difference 
between the methods and the need for a wider and more uni-
form scale.

Table 69.6 Rosenberg-EPM self-esteem scale [44, 45]

    1. On the whole, I am satisfied with myself
    2. At times I think I am no good at all
    3. I feel that I have a number of good qualities
    4. I am able to do things as well as most other people
    5. I feel I do not have much to be proud of
    6. I certainly feel useless at times
    7.  I feel that I’m a person of worth, at least on an equal plane with 

others
    8. I wish I could have more respect for myself
    9. All in all, I’m inclined to feel that I am a failure
    10. I take a positive attitude toward myself
Choices of answer:
     (a) Strongly agree
     (b) Agree
     (c) Disagree
     (d) Strongly disagree
The scale produces a score that ranges from 0 (best possible 
self-esteem) to 30 (worst possible self-esteem)

Fig. 69.1 Scales for the evaluation of aesthetic outcomes after breast 
cancer surgery
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Fig. 69.2 Garbay’ scale for evaluation of aesthetic outcome after 
breast cancer surgery

Fig. 69.3 Calabrese’ scale for evaluation of aesthetic outcome after 
breast cancer surgery

Table 69.7 Case 1: scale modified by Garbay et al. [13]

Subscale Category 0 Category 1 Category 2 Example
Volume of breast Marked discrepancy relative to 

contralateral side
Mild discrepancy relative to contralateral side Symmetrical volume 0

Shape of breast Marked contour deformity or 
shape asymmetry

Mild contour deformity or shape asymmetry Natural or symmetrical 
contour

0

Placement of 
breast

Marked displacement Mild displacement Symmetrical and aesthetic 
placement

0

Inframammary 
fold

Poorly defined/not identified Defined, but with asymmetry Defined and symmetrical 1

Breast scars Poor (hypertrophy, contracture) Fair (wide scars, poor color match, but without 
hypertrophy, contracture)

Good (thin scars, good 
color match)

1

Total score 2
Conclusion Poor

Table 69.8 Case 1: Calabrese scale [14]

Parameters Score Example
Shape 1 2 3 1
Volume 1 2 3 1
Symmetry 1 2 3 1
Rough and visible scar −1 −1
NAC badly placed −1 0
Cutaneous effects from radiotherapy −1 0
Total score 2
Conclusion Poor

Table 69.9 Case 2: scale modified by Garbay et al. [13]

Subscale Category 0 Category 1 Category 2 Example
Volume of breast Marked discrepancy relative to 

contralateral side
Mild discrepancy relative to contralateral 
side

Symmetrical volume 2

Shape of breast Marked contour deformity or 
shape asymmetry

Mild contour deformity or shape 
asymmetry

Natural or symmetrical 
contour

2

Placement of breast Marked displacement Mild displacement Symmetrical and aesthetic 
placement

2

Inframammary fold Poorly defined/not identified Defined, but with asymmetry Defined and symmetrical 2
Breast scars Poor (hypertrophy, contracture) Fair (wide scars, poor color match, but 

without hypertrophy, contracture)
Good (thin scars, good 
color match)

1

Total score 9
Conclusion Excellent
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69.5  Conclusions

To date, the selection of the most valid method to evaluate 
aesthetic outcome remains challenging.

Future prospective studies should be performed in 
women submitted to oncoplastic surgery and breast con-
servative surgery as well as to mastectomy with or without 
reconstruction to permit comparison of different tech-
niques of breast reconstruction, including TRAM flap, 
latissimus dorsi flap, free flaps, and breast implant recon-
struction [47].

The models described for the evaluation of aesthetic 
results do not take into consideration the shape of the breasts 
and the location of the tumor, which are determining factors 
for the final result. Morbidity, postoperative limitations, and 
scars in the reconstructions with a TRAM flap, for instance, 

are not evaluated as well, and they are determining factors 
for the quality of life of these patients.

Another important aspect that must be highlighted is the 
importance of the patient’s perception of her own body 
image and satisfaction.

The subjective and objective methods are complementary, 
and it is important to consider patient’s opinion as well. 
Objective methods might be more useful for the choice of 
surgical technique itself, evaluating symmetry between the 
breasts [18].

There is a need to systematically and objectively evaluate 
the aesthetic outcome of different surgical and radiotherapy 
techniques. Therefore, we need to further develop valid 
approaches to define third-party objective consensus on aes-
thetic outcome and to promote real objective assessment on 
this basis [14].

Table 69.11 Case 3: scale modified by Garbay et al. [13]

Subscale Category 0 Category 1 Category 2 Example
Volume of breast Marked discrepancy relative to 

contralateral side
Mild discrepancy relative to contralateral side Symmetrical volume 1

Shape of breast Marked contour deformity or 
shape asymmetry

Mild contour deformity or shape asymmetry Natural or symmetrical 
contour

1

Placement of 
breast

Marked displacement Mild displacement Symmetrical and aesthetic 
placement

1

Inframammary 
fold

Poorly defined/not identified Defined, but with asymmetry Defined and symmetrical 1

Breast scars Poor (hypertrophy, contracture) Fair (wide scars, poor color match, but without 
hypertrophy, contracture)

Good (thin scars, good 
color match)

1

Total score 5
Conclusion Fair

Table 69.10 Case 2: Calabrese scale [14]

Parameters Score Example
Shape 1 2 3 1
Volume 1 2 3 1
Symmetry 1 2 3 1
Rough and visible scar −1 −1
NAC badly placed −1 0
Cutaneous effects from radiotherapy −1 0
Total score 9
Conclusion Excellent

Table 69.12 Case 3: Calabrese scale [14]

Parameters Score Example
Shape 1 2 3 1
Volume 1 2 3 1
Symmetry 1 2 3 1
Rough and visible scar −1 −1
NAC badly placed −1 0
Cutaneous effects from radiotherapy −1 0
Total score 2
Conclusion Poor
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Psychological Aspects 
of Breast Reconstruction

Barbara Rabinowitz

70.1  Background

Understanding the psychological aspects of breast recon-
struction really begins with seeking understanding of the 
psychological impact of a breast cancer diagnosis and the 
ensuing treatments and therapies. Much research has focused 
on reactions to surgery and to adjunct therapy, rather than to 
the reaction women have to the diagnosis alone [1], though 
clearly breast cancer specialists have borne witness to the 
person-dependent range of emotions that can surface as 
women face the breast cancer diagnosis. Women’s reactions 
can be said to fall along a continuum from what may appear 
as equanimity (e.g. their proceeding through life “as normal” 
during the period of decision-making and awaiting treatment) 
to feeling completely undone emotionally and in some 
instances almost unable to move forward with life’s general 
tasks and the decisions regarding treatment choices.

Early understanding of the emotional impact of a breast 
cancer diagnosis can be found in a rather unique 1952 article 
by Renneker and Cutler [2]. These two physicians wrote 
with great early understanding of the multiple ways that this 
diagnosis and ensuing treatment could impact women. With 
mastectomy the only surgical option for women at that time, 
they spoke in depth regarding the range of emotions women 
may experience which included anxiety, depression, as well 
as feelings of shame and fear. Though treatment options have 
greatly broadened during the decades since that seminal 
article, women continue to report a great range of emotional 
sequelae to hearing the diagnosis and to the treatments that 
also include loneliness, distress over cognitive deficits they 
may perceive, sleeplessness, and cancer-related fatigue. 
Ahead of their time, Renneker and Cutler focused also on the 
importance of physicians caring for women with breast 
cancer to consult with specialists from the psychological 
domain to aid cancer specialists in offering patients 
comprehensive care not just of the breast, but of the whole 

woman as she seeks to recover from her treatments and to 
reclaim all of life. Many domains of psychosocial and psy-
chological research have blossomed from that first acknowl-
edgement by Renneker and Cutler (Fig. 70.1).

Research in the evolving decades has shown that women 
experience problems living with uncertainty, with changes in 
communication patterns with friends and family, and in con-
fusion about what to tell their children [3]. As cancer does not 
exert its negative psychosocial aura over the woman alone, 
impact on the family has been studied with findings noting 
that family distress, including mood swings, anxiety and 
depression, is found with some frequency [4]. A more recent 
report of companion studies has shown evidence that a 
patient’s perceptions of their partner’s positive involvement 
with them post-diagnosis has a salutary impact on three 
domains of recovery (marital satisfaction, emotional distress, 
and psychosexual adjustment) [5]. Ganz et al., well known 
for research furthering understanding of the psychosocial 
impact of a breast cancer diagnosis and ensuing treatments, 
have shown that there are frequent deficits that women expe-
rience in how they regard themselves, in health-related qual-
ity of life, and in their sexual lives [6, 7]. It has become 
evident that the skilled practitioners working to aid the woman 
with breast cancer must become sensitive to the potential for 
a negative impact of the breast cancer experience on any one 
of many domains of quality of life and responsible to refer 
women on to work with psychosocial specialists to aid women 
in their quest for comprehensive recovery.

70.2  Breast Reconstruction

The plastic and reconstructive surgeon may meet the woman 
with breast cancer early in her experience (particularly if 
immediate reconstruction is a consideration) or may not, 
unfortunately, meet her until she has completed her initial 
ablative surgery and adjunct therapies. Clearly, the opinion 
of the author is that an early meeting (prior to surgical deci-
sion) with a plastic and reconstructive specialist leaves the 
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woman best placed to be a true partner in the informed deci-
sion-making process, as well as best placed to have her psy-
chosocial issues addressed and supported by the full range of 
specialists with whom she will work over her time of breast 
cancer treatment and recovery.

Women who are in a clinical position to be a partner in the 
choice between breast conserving surgery, mastectomy 
alone, and mastectomy with either immediate or delayed 
reconstruction have much to consider. Breast centers, in 
which each woman is seen by a variety of specialists before 
choices are finalized, can be a real aid to women moving 
through her decision-making process as there is the 
expectation that many members of the breast center team 
will review best options for the woman and that breast 
reconstruction will receive a “fair hearing” early in the 
decision-making process. This can be so both in breast 
centers where practitioners are located in one setting and in 
colloquially named “breast centers without walls” in which a 
group of breast cancer specialists work in separate private 
practices, but who come together to multidisciplinary 
treatment planning meetings. Even in settings without a 
designated breast center, solid collegial and collaborative 

relationships between breast cancer surgeons and their plas-
tic and reconstructive surgery colleagues can help secure the 
inclusion of the reconstructive option early on.

Research regarding the benefits and limitations of breast 
reconstruction has been less prolific than research seeking to 
understand women’s emotional and psychological reactions 
to breast cancer, to breast cancer surgery and to the impact of 
psychosocial interventions that can mitigate the emotional 
burdens women frequently endure. Nevertheless there is a 
body of literature that aids in understanding the psychological 
issues related to the breast reconstruction experience and in 
helping to inform plastic and reconstructive surgeons 
regarding how to enhance the positive effect of their role as 
women seek to make a best decision for themselves.

Seeking to understand the “psychosocial and psycho-
pathological” outcome for women with breast reconstruction, 
Rubino et  al. [8] studied women with mastectomy alone, 
women with breast reconstruction, and healthy women and, 
interestingly, found no difference in social, sexual, relation-
ship, and quality of life issues at 1 year between the group 
with breast reconstruction and healthy women. While anxiety 
was not different between the women with mastectomy alone 

Fig. 14.1 Author’s ‘tree of knowledge’ depiction of depth and breadth of breast cancer psychosocial research domains that have grown since 
Renneker and Cutler 1952 JAMA article acknowledging the importance of emotional issues for those facing breast cancer
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and the women with breast reconstruction, importantly, 
depression in the reconstruction group was less than those 
women who had mastectomy alone. Similarly, Hartcourt 
et al.’s earlier work had found that though women in all three 
groups (mastectomy, mastectomy with immediate recon-
struction, and mastectomy with delayed reconstruction) 
reported a reduction in psychological distress at 1 year post-
surgery, it’s important to note that women in all groups still 
reported feeling conscious of altered body image [9]. Indeed, 
Metcalfe et al.’s later study including all three groups found 
that there were not significant differences on psychosocial 
functioning measures between the three groups at 1  year. 
Noteworthy, however, is the fact that all three groups showed 
some remaining psychosocial distress with the study authors 
suggesting that women need psychosocial support after a 
breast cancer diagnosis, even if they elect and receive breast 
reconstruction [10]. Noting a perception that postmastectomy 
breast reconstruction is less beneficial to older women and the 
fact that older women rarely receive postmastectomy breast 
reconstruction, Sisco et al. conducted a comparison study that 
included 215 women 65 or older and a group of 101 women 
less than 65 years of age. They found that there was no cor-
relation of age to breast satisfaction and psychosocial well-
being nor satisfaction with the outcome. Older women who 
received breast reconstruction had better breast-related qual-
ity of life than those who did not have reconstruction, and 
even more interesting, the psychosocial outcomes for older 
women with postmastectomy breast reconstruction were sim-
ilar to those outcomes seen in the younger women [11].

Evaluating satisfaction as a worthy emotional endpoint, 
one prospective study of women who underwent delayed 
reconstruction found that preoperative expectations were met 
in 90% of the patients with a hearty majority stating their 
satisfaction with the outcome [12]. Negative to psychological 
peace post-reconstruction for some women is the experience 
of “decision regret.” While seeking to understand the role of 
information satisfaction and personal variables on regret, one 
study found that the majority of women in their study reported 
no decision regret but that for those who did experience mild 
to moderate or strong regret, it was associated with low satis-
faction with preparatory information [13]. Questioning 
whether women were making high-quality decisions about 
breast reconstruction, Lee et  al.’s small study found that 
women who chose not to have breast reconstruction were not 
well informed about breast reconstruction and suggest that 
“breast cancer patients would benefit from interventions to 
support their decision making” [14]. The value of meeting 
and speaking with the reconstructive specialist before surgery 
was clearly reinforced in these findings.

Emphasizing that there are psychological/psychosocial 
benefits for breast reconstruction, it has been noted in an 
evaluation of the overall role of plastic surgery as a 
component of comprehensive care of cancer patients that 

“the most convincing data for improved psychosocial well 
being through plastic surgery is in the setting of breast 
reconstruction after mastectomy” [15]. Yet the evidence in 
the research literature is mixed. Evidence for the value of 
breast reconstruction can be seen in a study comparing 
women with breast reconstruction to women with breast 
conservation which found no difference between the two 
groups in overall psychosocial adjustment to illness, body 
image, or satisfaction with relationships or sexual life [16]. 
However, some studies have shown no difference on 
psychosocial parameters between women with and without 
reconstruction following mastectomy. Seeking to broaden 
the comparison, many authors have sought psychological 
comparison between those with breast conservation, 
mastectomy alone, and mastectomy with reconstruction [17–
20]. Two studies comparing the three groups found that the 
groups did not differ significantly in the psychosocial 
domains measured [17, 18]. The general capacity for women, 
irrespective of surgical option, to adjust and return to a good 
quality of life was further supported by Parker et  al.’s 
prospective study in which those three groups showed 
differences in adjustment and adaptation at different time 
points along the study’s trajectory, with no significant 
differences in psychosocial adjustment by the study’s end 
[19]. Likewise, Collins et al. found there were differences 
between groups at different points along the trajectory of the 
study, with women with breast reconstruction faring less 
well on body image than those women having breast 
conserving surgery at “Time 2.” However, by end of study 
(2 years), there were no significant differences in body image 
based on surgery type between any of the groups [20]. While 
it is good news that a statistically significant amount of 
women, independent of which surgery they choose, will 
return to a good psychosocial state within a reasonable 
period after surgery, none of this research seems to show that 
breast reconstruction offers a better return to psychological 
health than mastectomy alone. If left without further studies, 
one could postulate that women who do not feel the need for 
reconstruction are in some measure emotionally prepared to 
live without a breast, while those women who choose breast 
reconstruction know the need they feel for this enhancement 
and would do less well psychologically were it not available 
to them. In clinical practice, this author has certainly 
experienced those distinctions. One study does lend credence 
to this theory as the researchers sought to isolate psychological 
outcome for those with and without good cosmetic outcomes 
and did find a significant correlation between good cosmetic 
scores and good psychological adjustment [18]. Also of note 
is one recent study evaluating patient satisfaction and health- 
related quality of life specifically for those women whose 
breast reconstruction was conducted as autologous tissue 
reconstruction [21]. Using a newly available Breast-Q 
research tool and validating with findings of two other 
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frequently used tools employed for this study (Hospital 
Anxiety and Depression Scale and Impact of Event Scale), 
the authors found that these women enjoyed significantly 
higher scores on measures of psychosocial well-being, 
satisfaction with breast, and sexual well-being as early as 
3 weeks postsurgery, compared to their baselines on these 
measures.

70.3  Immediate Versus Delayed 
Reconstruction

Relatively few investigators have sought to understand the 
possible psychological distinctions for women with 
immediate reconstruction vs. those with delayed 
reconstruction. An early study by Wellisch et  al. found 
women with immediate breast reconstruction less often 
reporting “high distress” in recalling their mastectomy 
surgery (25%) than those women with delayed reconstruction 
(60%) [22]. Another early and small study found that those 
with immediate reconstruction experienced significant 
advantages that included a sense of freedom with attire as 
well as improved self-image as compared to women with 
delayed reconstruction [23]. Adding to these salutary findings 
on behalf of immediate breast reconstruction, a retrospective 
analysis of the psychological advantages of immediate 
reconstruction found that anxiety and depression were less 
and body image, self-esteem, feeling sexually attractive, and 
satisfaction were all higher for the immediate reconstruction 
group as compared to their delayed reconstruction 
counterparts [24]. Seeking subjects from the Michigan 
Breast Reconstruction Outcomes Study, an analysis by Roth 
et al. [25] identified that women awaiting their mastectomy 
with immediate reconstruction showed “higher prevalence of 
psychosocial and functional morbidity” (e.g., depressed 
emotional well-being and increased anxiety) compared to 
the women awaiting reconstruction for a previous 
mastectomy. It would be important not to assume, however, 
that immediate reconstruction is a poor choice with regard to 
emotional outcome, but rather to await further studies in 
which those with immediate reconstruction could be assessed 
again at a time further distant from their receipt of a diagnosis 
of breast cancer, to assess whether their time for emotional 
adjustment to the cancer diagnosis would compensate for 
this reported finding. The authors do note that those awaiting 
the surgery for a previous mastectomy had likely been 
through the adjustment to their breast cancer diagnosis, 
while those awaiting immediate reconstruction concurrent to 
their mastectomy were likely dealing with “the apprehension 
and fears related to a recent diagnosis of breast cancer.” 
Lending credibility to this theory are two other studies, one 
prior to the above and one later, following women from this 

same data base finding that women with immediate 
reconstruction showed significant improvement on all of the 
psychosocial outcome subscales (this newer study evaluating 
them further from their time of diagnosis), other than on 
body image (having come from intact breasts to the surgically 
produced breasts) and that women with delayed reconstruction 
showed improvement only on the subscale for body image 
(having come from having no breast tissue to now having 
surgically produced breasts), but not on the other psychosocial 
measures (having already had time for adjustment to 
psychosocial issues before their breast reconstruction) [26, 
27]. The Wilkens et al. [26] analysis and the latter by Atisha 
et al. [27] also showed little to no difference on psychosocial 
well-being based on reconstructive procedure type.

70.4  Prophylactic Mastectomy

In addition to women for whom the breast reconstruction 
was in follow-up to a cancer diagnosis generated mastectomy 
in the breast(s) scheduled for reconstruction are those women 
whose breast reconstruction followed either a contralateral 
prophylactic mastectomy or those at “high risk” who chose 
bilateral prophylactic mastectomies. While the circumstance 
driving the need for reconstruction is different, there is an 
interesting body of literature to inform our understanding of 
the psychological issues for women with reconstruction 
either post-contralateral or post-bilateral prophylactic 
mastectomies. McGaughey, in an integrative review of 13 
studies evaluating the impact of prophylactic mastectomies 
on women’s body image and sexuality, found that up to half 
of the women experienced a negative impact on body image 
and sexuality [28]. Unfortunately, many studies found 
likewise. Payne et  al. [29] following women who had 
registered in the Memorial Sloan Kettering Cancer Center 
National Prophylactic Mastectomy Registry found women 
reporting negative impact on body image and sexual function 
as well. Following in that tradition, a smaller and more recent 
study with a 93% response rate found 75% of the women 
post-bilateral prophylactic mastectomy reporting that 
enjoyment of sex was negatively impacted [30]. Evaluating 
the experience of women with contralateral prophylactic 
mastectomy, Boughey et al. [31] found that women in their 
study who were on average 20 years post-contralateral 
prophylactic mastectomy frequently noted negative impact 
on sense of femininity, body appearance, and sexual 
relationships. Further validation of impact on sexuality 
comes from a more recent prospective study evaluating 
impact of bilateral prophylactic mastectomy on body image, 
sexuality, emotional reactions, and quality of life for “high- 
risk” women. Brandberg et al. [32] analyzed responses from 
women preoperatively, at 6 months and at 1 year postsurgery. 
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Sexual pleasure decreased significantly from assessment 
presurgery to assessment at 1  year postsurgery, though, 
interestingly, frequency of sexual activity remained stable 
through all assessment points. Though the latter might seem 
counter-intuitive in the face of the former, it is beyond the 
scope of this paper to theorize, but only to note that this 
prospective work supports the findings of previous 
retrospective studies that these women do experience a 
negative impact on their sexuality. This frequently reported 
negative impact on sexuality is not difficult to understand 
given the change in body image and the loss of this part of a 
woman’s anatomy that is often pivotal to women’s experience 
of sexual pleasure.

One of the major drivers of the decision for bilateral pro-
phylactic mastectomy is an anticipated decrease in anxiety 
[33]. Happily, this was born out in Brandberg et al.’s [32] 
prospective study with women reporting decreased anxiety 
over time. This was further supported by the findings in an 
early study that offered bilateral prophylactic mastectomies 
to 143 women considered to be high risk for breast cancer 
[34]. Assessing preoperatively and then following both the 
“acceptors” and “decliners” for 18 months postoperatively, 
on psychological and sexual domains, the study found that 
the 79 acceptors showed decreased psychological morbidity 
over time, while no such changes were observed for the 
“decliners.” Counter to other studies cited herein, and inter-
estingly, this study found no changes over time in sexual 
comfort nor of sexual pleasure for either group. Noteworthy 
that those who accepted and received prophylactic mastecto-
mies as well as those who declined and kept both breasts 
intact were both able to continue to enjoy sexual comfort and 
sexual pleasure with no significant differences between the 
groups.

70.5  Regrets Versus Satisfaction 
with Prophylactic Mastectomy

Boughey et al. reported on long-term satisfaction for women 
who had undergone contralateral prophylactic mastectomy 
(CPM) [31]. In spite of the also reported adverse impact on 
body image, sense of sexuality, and sexual relationships 
found in this study, the majority of women both at an average 
of 10 years and then again surveyed at an average of 20 years 
post-CPM reported satisfaction with their decision to have 
CPM.  Reporting on women who had had bilateral 
prophylactic mastectomy (BPM), Gahm, Wickman, and 
Brandberg reported that feelings of regret were almost 
nonexistent [30]. Likewise, with a mixed CPM and BPM 
group, only 21 of the 370 women who had registered in the 
Memorial Sloan Kettering Cancer Center National 
Prophylactic Mastectomy Registry registered regrets about 

their decision to have a prophylactic mastectomy [29]. It is 
illuminating that while there were relatively few women 
reporting regrets in the registry, those regrets covered a 
somewhat broad range. Psychological distress and the 
distress over the unavailability of psychological and 
rehabilitation support were the most common regrets noted. 
Among other noted regrets were those regarding cosmesis, 
surgical complications, residual pain, and lack of education 
about the procedure. It seems that better preparing women 
for the potential sequelae might mitigate the impact of some 
of these outcomes.

70.6  The Plastic Surgeon as Communicator 
and Educator

The range of decisions with which women are faced as they 
contemplate breast reconstruction have become ever more 
complex. Beyond the basic decision to have or not have 
reconstruction lie decisions about timing (immediate vs. 
delayed), reconstruction method in the face of the clinical 
options available to that particular woman, and weighing in 
of personal preferences. The plastic surgeon’s role in the 
education of these patients is deep and broad. Certainly it is 
essential that the plastic surgeon provides each woman a 
great deal of information regarding the types of reconstruc-
tive options open to her while also being sensitive to listen-
ing for her preferences, ascertaining goals and being tuned 
in to concerns. Lee et al. [35] afforded women in their study 
an opportunity to comment on what drove their decision for 
reconstruction, their experience with reconstruction, and 
how they felt about their decision. Overall, they found that 
women who felt they had been well prepared and under-
stood what the recovery process would entail seemed most 
satisfied with their decision. However, women in this study 
strongly advised that future women be well informed on all 
matters of recovery beyond the basic issues of difficulty of 
the operation, the length of surgery, the risks, and the poten-
tial problems with flaps. They felt they were far less well 
informed on such matters as the impact of any possible loss 
of muscle strength, potential numbness and tingling, poten-
tial amount of scarring and of umbilical asymmetry, and 
potential hernia and advised through their study responses 
to have surgeons cover these matters routinely as well. It is 
important to note that while women in this study expressed 
satisfaction with their decision to proceed with reconstruc-
tion, many expressed needs for more information. Following 
the analysis of the study generated data, Lee et al. suggest 
that plastic surgeons routinely ask their patents to state their 
concerns and encourage plastic surgeons to specifically ask 
patients for their preferences for reconstructive method, as 
many women in the study stated that their choice was solely 
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based on what their plastic surgeon recommended without 
voicing their own preferences. They encourage a frank dis-
cussion on such issues their patients may have concerning 
how they will look both in clothes and out of clothes and 
whether both are equally important so surgeons are better 
positioned to ascertain if they will be able meet their 
patients’ expectations.

It would appear that not only must plastic surgeons be 
good educators for their patients but to their physician col-
leagues as well so that women are referred for a discussion 
of breast reconstruction options before their ablative sur-
gery. Ananian et  al. [36] identified that women in their 
study who chose reconstruction more frequently recog-
nized the importance of discussing this decision with a sur-
geon than those choosing mastectomy alone. Alderman 
et al. [37] found that of the women in their study who had 
not had breast reconstruction following mastectomy, only 
just over 59% of them felt that they were adequately 
informed of the breast reconstruction options. Lantz et al. 
[38], seeking to understand the impact of the ability to be 
involved in this decision found that increased involvement 
played a significant role in satisfaction and avoidance of 
decision regret. In another study, likewise seeking to under-
stand decision regret, the authors were able to identify that 
for the almost 50% of their sample who experienced some 
level of decision regret that it was associated with low sat-
isfaction with “preparatory information” [13]. In addition 
to the women who were having their breast reconstruction 
in follow-up to their breast cancer surgery, it appears that 
women having their reconstruction as a part of their pro-
phylactic mastectomy process have shown a need for robust 
information and education as well. A study by Rolnick 
et al. [39] specifically asked women what they wish they 
had known before coming to conclusion on their decision. 
Two thirds of the women reported wishing that they had 
more information with most of the comments regarding 
insufficient information related to longevity of implants, 
look and feeling of the implants, and possible complica-
tions (e.g., pain, numbing, and scarring). Women specifi-
cally noted that they wish they had known about the rate of 
implant failure and the possibility of the need for replace-
ment in a shorter than anticipated time frame. Though it 
may seem that women might have anticipated the loss of 
breast sensation, a number of women voiced that they were 
not prepared for this loss. It would seem that the imperative 
for robust discussions offering in-depth information has 
been established. And while the American Society of 
Plastic Surgeons has published a well-written booklet for 
women considering breast reconstruction (Choices), it 
seems clear that it will take meaningful discussions between 
the surgeon and the woman contemplating reconstructive 
surgery to assure that women’s informational and educa-
tional needs have been met.

70.7  Summary

Research to date seeking to further our understanding of the 
psychosocial issues related to breast reconstruction has been 
evaluated to beg increasing scientific rigor [40]. Winters 
et al. note there are inherent limitations in the large group of 
research studies they reviewed. It appears that there may be 
some missed opportunities in the way the research questions 
are asked, in the timing of the queries (prospective vs. retro-
spective), in the design and in the power of the research they 
evaluated. To date, we may be missing some of the important 
and enlightening nuances.

Nevertheless, we have learned from prevailing studies, and 
from clinical practice, that breast reconstruction is an option 
that meets the needs of and enhances the quality of life for a 
subgroup of women facing mastectomy. We do not know 
definitively for which women breast reconstruction feels 
more necessary to their recovery than others, in part, because 
it is clear that some women are not offered this option nor 
offered any information in this domain. It part perhaps due to 
methodological issues such as those raised by Winters et al. it 
has been difficult to perceive the positive psychosocial impact 
of breast reconstruction between women who have this sur-
gery compared with women with mastectomy alone and com-
pared with women with breast conservation surgery. Yet, we 
can learn something about the positive psychological impact 
of breast reconstruction from the distinctions of the experi-
ence of women with immediate breast reconstruction versus 
delayed reconstruction. Therein we see a group of women 
who are all self-identified as desirous of breast reconstruc-
tion. Women with immediate breast reconstruction have 
reported better body image, self- image, self-esteem, and feel-
ings of attractiveness than the women who must wait. In addi-
tion the women in the immediate reconstruction groups report 
less anxiety and depression.

As current research shows, independent of surgery type, it 
may take up to 2 years or more for women who have faced a 
breast cancer diagnosis and treatments to reclaim their previ-
ous level of psychosocial comfort. We in the psychosocial/
psychological community must partner with our surgery and 
plastic surgery colleagues and ask they seek us out as well so 
that together we avail our patients of psychosocial support 
throughout the trajectory of their breast cancer experience.
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71.1  Introduction

Breast cancer surgery has seen major progress over the past 
few decades. Conceptually, now it must be carried out with 
special attention to cosmetic results and long-term quality of 
life issues important to patients. Disfiguring and mutilating 
surgeries can no longer be biologically and oncologically 
justified for most patients under screening programs. In this 
way, oncoplastic surgery (OPS) represents a necessary 
evolution and a critical refinement in breast cancer surgery. It 
combines oncologic and plastic surgery techniques in order 
to improve the final aesthetic outcome. Of paramount impor-
tance, the oncoplastic (OP) approach involves appropriate 
oncologic surgery, immediate reconstruction using the full 
range of all available plastic techniques (either partial or 
complete reconstruction), and immediate correction of con-
tralateral breast symmetry, whenever indicated [1–10].

The original concept of OPS and philosophy of work is 
already consolidated, since there are no significant changes 
in basic oncologic principles. Local control in terms of mar-
gins and surgical care are the same as whether for breast con-
serving treatment or mastectomy. This advance is now the 
standard practice in order to reduce deformities caused by 
excessively wide excisions without reshaping of the breast 
and/or to avoid reoperations when positive margins are 
encountered [1–7].

Three important facts must be considered as the main rea-
sons for a change in the system of breast surgery training. 
The first one is that most breast cancer patients are not 
receiving any kind of breast reconstruction at the time of 
cancer removal. The classic model “breast surgeon-plastic 
surgeon working together in all cases” works very well when 
this model is available. Unfortunately, for the vast majority 
of women around the world, this is not the case, and thus, the 
current model is clearly insufficient to cover the needs of all 
new breast cancer cases that occur. The second one is that 
immediate breast reconstruction (whether total or partial) 
with volume displacement and replacement techniques have 
better oncologic results in breast conserving surgery (BCS) 
in terms of margins, lower index of re-excisions, better local 
control of disease and positive results regarding radiotherapy 
planning, particularly for the group of patients with giganto-
mastia. Although there are few studies that have been done in 
OPS and most of them are series of cases or retrospective 
cohorts of patients, it is clear that the combination of plastic 
surgery techniques with BCS does not compromise clear 
excision margins nor the long-term oncological (survival) 
results. Moreover, immediate breast reconstruction has bet-
ter aesthetic outcomes than delayed after conservative sur-
gery and mastectomy. The third reason, and perhaps the most 
important of them, is the cultural and psychological repre-
sentation of the breast in postmodern society. Patients with 
pronounced asymmetry after a breast cancer surgery are 
more likely to feel significantly stigmatized. They have more 
fear of death, increased psychosocial problems due to loss of 
their femininity, more depressive symptoms, and, conse-
quently, more harm to their quality of life, independent of 
their chances of cancer cure [6, 8, 10].

So, this new arrangement in breast cancer surgery—with 
one surgery appropriately trained to approach the cancer 
removal while at the same time taking into consideration the 
aesthetic aspects of the breasts as well as the patient’s per-
sonal desires and preferences—is perfectly well justified. 
Fellowships need to expand the current curriculum in order 
to create a new specialist surgeon who performs various 
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types of reconstructions—the so-called “oncoplastic sur-
geon,” which is the new “breast surgeon.” Of course, a single 
surgeon carrying both oncologic and reconstructive back-
grounds requires cross-specialty training in order to master 
these to the highest standard, adding new responsibilities and 
new medico-legal implications. That is the aim of this chap-
ter, to address the qualifications and limits in OPS training 
and practice.

71.2  Who Is the Oncoplastic Surgeon?

New generations of breast surgeons now should be onco-
plastic surgeons. In other words, oncoplastic surgeons 
are specialist breast surgeons. Although the controversy 
whether breast surgeons or plastic surgeons should per-
form breast reconstruction has been a long-standing 
“turf” issue and this attitude is pervasive in some coun-
tries (such as the United States), the breast is an aes-
thetic-functional organ, and surgeons who perform breast 
surgeries in their practice must always consider these 
outcomes in all cases when performing surgery on the 
breast(s). Even for those breast surgeons who work 
together with plastic surgeons, they can perform best 
quality surgeries if they have broader skills in techniques 
related to plastic surgery of the breast. The same is true 
for the plastic surgeons. When they have a deeper knowl-
edge and understanding of the oncological aspects (such 
as adjuvant radiotherapy), they will have a clearer under-
standing of the ultimate aesthetic outcome following a 
particular procedure. The best care is delivered with an 
integrated team approach, and when breast surgery work 
can be performed with a team effort. This holds true 
whether the OP approach is with two surgeons or one sur-
geon trained across both specialties. Moreover, there is 
no longer a clear division between the aesthetic and the 
oncologic in breast cancer surgery, no sure there be in the 
present time since we are confident that survival rates 
will remain the same.

Given the need to cross-train the upcoming breast sur-
geons of the future, it is necessary to develop internal and 
international standards for training and a special qualifica-
tion for OPS.  Fellows eligible for acceptance into a 
Comprehensive Breast Cancer Training Program for OPS 
can be specialists from Gynecology, General Surgery, and/
or Plastic and Reconstructive Surgery. The real goal of this 
model is to expand the availability of high quality breast 
reconstruction for as many breast cancer patients as possi-
ble, and ultimately to increase the rate of breast conserving 
surgery around the world.

71.3  Breast Training Competencies 
in Oncoplastic Surgery

The standard format for an OP Fellowship training curricu-
lum must begin with a multidisciplinary approach and 
include fundamental knowledge within various breast cancer 
correlated disciplines such as molecular biology and 
genetics, anatomy and physiology, epidemiology, bioethics 
and legal medicine, medical photography, radiology, 
pathology, radiotherapy, and clinical oncology. These areas 
across the clinical spectrum form the foundation for breast 
cancer treatment and surgical decisions. Figure 71.1 shows a 
schematic representing the comprehensive knowledge base 
required for a “patient-centered” OP surgical approach and 
the rationale behind multidisciplinary training.

In regards to the surgical aspects of OP training specifi-
cally, a greater balance between oncologic and aesthetic prin-
ciples is required. Figure 71.2 depicts some of the essential 
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components to be considered in the pre- operative assessment 
of each patient. In addition to these essential components that 
must be included in the training of OP surgeons, training must 
also focus on development of very specific surgical skills, 
maintaining strong ethical commitment to patients and qual-
ity care, and ongoing exploration of opportunities in research 
focused on improving patient outcomes with the delivery of 
cost-effective, quality care.

71.3.1  Developing Skills

Conceptually, “competence” is the ability of an individual 
who is trained adequately and is well qualified physically 
and intellectually for a particular activity. OP surgeons 
should be well trained and competent in all aspects of breast 
oncology and in oncologic surgery of the breast, and should 
have a comprehensive understanding of breast defects cre-
ated by removal of tissue and their reconstructive require-
ments. There is also a need for an aesthetic appreciation of 
the breast. This is perhaps the most difficult aspect of OPS 
since it can be an elusive element for surgeons to grasp. The 
shape, contour, and overall aesthetic appearance of the breast 
is something that is a very subjective and a personal matter—
one that has been studied and portrayed by artists since the 
beginning of time. The surgeon and patient may have very 
different opinions on what the “optimal” appearance of the 
breast “should” be. In general, societal influences tend 
toward certain characteristics being the quintessential 
appearance of the breast. However, events throughout the 
lifecycle can dramatically alter the aesthetic appearance of 
the breast, and this aspect of OPS can be the most difficult 
aspect to teach and train surgeons to appreciate and accom-
plish in their practice.

Therefore, in training surgeons to adopt new surgical 
techniques, pre-operative evaluation must take into account 
the changes that have occurred to the breast such as macro-
mastia, asymmetry, post-partum atrophy and ptosis, etc. 
(Fig. 71.3).

The patient’s input and desires of potential ways she may 
wish to change or “improve” the appearance of the breast 
must also be integrated into the surgical plan when removing 
abnormalities in the breast. In this manner, the surgical plan 
can be individualized and optimized in order to achieve the 
best possible outcome for each patient. Integrating the aes-
thetic aspects into the thought process for cancer removal is 
the key to OPS. After this, methods and approaches on how 
best to reconstitute the shape and contour of the breast 
whether to its original form or a new—perhaps smaller, less 
ptotic breast—are integrated into the surgical plan (Fig. 71.4). 
Thus, OP surgeons need a thorough understanding of the 

available methods for reconstructive techniques, and profi-
ciency in these techniques are necessary in order to counsel 
patients in their pre-operative decision making as well as 
developing the surgical plan. As mentioned previously, if the 
surgeon is going to serve an area where reconstruction is not 
readily available, then the OP surgeon must be fully compe-
tent in these techniques for reconstruction. However, even if 
the breast surgeon work in collaboration with a plastic sur-
geon on the reconstruction, a complete and thorough under-
standing of these principles is necessary in order to conduct 
an adequate discussion with the patient offering a full com-
pliment of surgical options. Furthermore, in-depth knowl-
edge will help to prevent and care for potential post-operative 
complications [6].

Until now there has been no focused or formal training of 
breast surgeons in the aesthetics or reconstructive aspects of 
breast surgery techniques. While excellent breast training 
programs exist, they vary widely throughout the United 
States. In other parts of the world, dedicated OP surgery 
training fellowships have been very successful; however, 
these remain few and far between. In an attempt to standard-
ize international requirements for OP surgery training, the 
American Society of Breast Disease and the Societe 
Internationale de Senologie convened with the International 
Steering Committee (ISC) on Oncoplastic Surgery in April 
2010 and November 2012. The committee unanimously felt 
that competency to perform these surgeries needs to be cat-
egorized in a specific classification system in order to orga-
nize training opportunities for surgeons currently in training, 
but also must be applicable to those surgeons already in prac-
tice that want to broaden their abilities. Taking into consider-
ation the input from the ISC, a classification has been 
developed by Urban and Lebovic in order to help standardize 
training in OPS. These “levels of competency” are defined 
by the need to acquire surgical competence with various pro-
cedures and specific skills necessary to perform 
OPS. Table 71.1 defines the four levels of surgical compe-
tence in OPS.

Since most breast cancer patients need Level I, II, or III 
techniques, it is highly recommended to conduct the basic 
OPS training in these competencies. Specific competence in 
plastic surgery techniques of the breast is not required at 
Level I, since general surgeons, working only in the compro-
mised breast, do most of these procedures. Level II requires 
specific competence in aesthetic characteristics and appreci-
ation of the shape and contour of the breasts, reduction mam-
moplasty techniques in order to repair major partial defects 
after breast conserving surgery, and to achieve better sym-
metry working on the contralateral breast, whenever neces-
sary. Level III requires competence in indications, surgical 
techniques, and management of complications with breast 
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a b

Fig. 71.4 (a) Patient with macromastia and 7 mm invasive carcinoma deep in right breast at 6 o’clock position. (b) Patient post-op superior 
pedicle reduction mammoplasty to remove primary tumor followed by immediate reconstruction using local tissue flaps

a b

c d

Fig. 71.3 (a) Patient after lumpectomy via peri-areolar incision for 
upper, inner quadrant tumor removed via tunneling and oncoplastic clo-
sure. (b) Same patient 1 year post surgery, whole breast radiation and 
boost. Excellent cosmetic outcome, showing only mild skin changes and 

no contour deformity. (c) Pre-op patient with 5 mm DCIS with comedo 
necrosis right breast, BRCA-2+, and asymmetry. (d) Post-op after bilat-
eral skin-sparing mastectomies, immediate reconstructions with sub-
muscular saline implants, and nipple/areolar reconstructions
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implants. A high standard of knowledge in different qualities 
of implants is necessary in order to individually select which 
patient is better served with which implant, and specific 
training in surgical skills and patient management related to 
implants is required.

If the surgeons are well trained in immediate and delayed 
breast reconstruction with expanders and implants, in supe-
rior and inferior pedicled breast reductions, mastopexy and 
in round block techniques, they will be able to solve more 
than 90% of breast surgery cases in their practice. It is rec-
ommended that Level IV competencies should be undertaken 
as advanced surgical training with an additional, focused fel-
lowship training program in myocutaneous flaps.

The real point to consider is how to set the limits for this 
new discipline, which is translational under different special-
ties. The challenge is to train surgeons to be competent in all 
these techniques in order to be able to achieve higher quality 
outcomes in the majority of breast cancer patients undergo-
ing surgery, making these procedures more readily available, 
reducing the contrast between different centers which 
requires standardizing the training. Ultimately, employing 
these techniques has the potential for decreasing overall 
healthcare costs by reducing the number of surgeries as a 
whole (fewer re-excisions, complications, revisions, etc). 
Surgeons must be able to recognize their own limits using 
this classification system, and they must seek out training in 
order to advance their skills. The Dreyfus and Dreyfus five-
stage developmental model of skills acquisition which is 
applied in health education could be useful to help determine 
the progress in these OP levels (Fig. 71.5).

Since there is an increasing demand for training in OP 
techniques, and there are different scenarios and backgrounds 
of breast surgeons, it is difficult to establish a minimal 
number of cases required per surgeon. Evidence-based 
training in OP surgery is more complex to build than for 
other new approaches such as sentinel node biopsy. In OPS, 
the numbers of various techniques involved and the addi-
tional unique aspects of aesthetics require training not cur-
rently offered as part of surgical training in general or breast 
oncologic surgery.

The training of new generations of breast surgeons must 
include at least the first three levels of competencies in their 
Curriculum in order to solve most of the breast cancer cases. 
In this way, it is recommended that at least 15–20 cases per 
technique/surgeon under supervision in a credentialed Breast 
Unit and/or in cadavers should be used as a guide for estab-
lishing a learning curve.

71.3.2  Ethics

Demands and expectations of the patients tend to be higher 
with OP surgery. Although delay in diagnosis of breast can-
cer remains the most common reason that breast specialists 
are sued for malpractice in the USA, there is potential for 
rising issues in OP surgery. Appearance of the breast after 
surgery is growing as a critical component in breast cancer 
treatment outcomes. It is expected that medico- legal analysis 
will change with these advances. The essential and central 
element is the duty of the breast surgeon to obtain a good 
aesthetic outcome without compromising oncologic control. 
Basically, the oncologic scenario is easier to document 
clearly for individual analysis in a medico-legal setting as it 
is somewhat standardized and presented as: mastectomy 
 versus conservative indications, local control with clear 
 margins, and properly selected adjuvant and neoadjuvant 
treatments.

In contrast, the reconstructive and aesthetic aspects of OP 
surgery is the new and the real great difference in the medico- 
legal context. It is clear that OP surgery is not like purely 
aesthetic surgery in terms of outcomes and judgments. It is 
both an oncologic and a reconstructive procedure, not simply 
aesthetic or oncologic breast surgery. It has all the oncologic 
limits in its background and the aim is not only aesthetics. 

Table 71.1 Skill levels and guidelines for standardized training

•  Level I—Multidisciplinary oncologic risk assessment, unilateral 
displacement techniques in breast conserving surgery including: 
aesthetic skin incisions, deepithelization of the areola margins, 
glandular mobilization, reshaping techniques, purse string sutures 
for central quadrant reconstruction, mobilization of glandular flaps

•  Level II—Bilateral and replacement techniques: breast reduction 
(inferior and superior pedicles, and round block techniques), 
mastopexy, Grisotti flap, repositioning of the nipple-areolar 
complex when needed, nipple and areola reconstruction

•  Level III—Expander/implant techniques: immediate and delayed 
breast reconstruction with temporary expanders or implants, and 
contralateral symmetrization procedures

•  Level IV—Autologous flap techniques: pedicled or free flaps, or 
combination of techniques

Novice
Not allowed to practice

Advanced
Practice with full supervision

Competent
Practice with supervision on call

Proficient
Practice without supervision

Experienced Nonexpert
Supervises others

Deliberate
Expert

Time spent in training or practice

P
er

fo
rm

an
ce

Level where most breast
surgeons can achieve

Desidered level

Modified from Dreyfus and Dreyfus (17)

Level where most
breast surgeons are

Fig. 71.5 Generic learning courve adapted from Dreyfus and Dreyfus 
five-staged developmental model of skills acquisition and modified 
from Kalet and Pusic and possible and desired oncoplastic skills to 
breast surgeons [11, 12]
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The pre-operative discussion, decision making, and Informed 
Consent process must clearly outline all of these aspects 
 considered in the final surgical plan that ultimately should be 
arrived in agreement between surgeon and patient based upon 
risks versus benefits. In order to avoid errors of interpretation 
and communication between surgeon and patient all aspects 
should be discussed in a comprehensive manner. Of course, 
the integration of plastic surgery techniques to oncologic 
breast surgery will potentially improve aesthetic outcomes, 
but it will add new responsibilities to the surgeon as well. 
Established protocols and procedures as well as the surgeon’s 
clear understanding of their own individual competencies and 
limits will hopefully help to avoid both additional risks to the 
patients and increasing liability.

71.3.3  Research

There are many research opportunities to be explored in OP 
surgery such as:

 1. How can training in OP be implemented and upheld to 
an international standard?

 2. Can OP techniques help surgeons increase breast conser-
vation rates?

 3. Can OP techniques help surgeons achieve lower re-exci-
sion rates?

 4. Will OP techniques lead to decreased surgical complica-
tion rates?

 5. Does the use of OPS contribute to decreased recurrence 
rates?

 6. How can a surgeon’s time in the operating room be 
optimized?

 7. In what ways can OPS help to optimize aesthetic out-
comes in breast surgery?

 8. Can OPS result in an overall decrease in healthcare costs 
associated with the treatment of breast surgery patients?

 9. How can new technologies help advance the field of 
OPS?

 10. Aesthetic and psychological benefits of OPS in breast 
cancer patients.

These and many other areas of research are well worth 
exploring in order to better understand the overall impact 
that OPS will have on improving patient outcomes.

71.4  Surgical Mentoring

Mentoring, according to Rombeau, Goldberg, and Loveland- 
Jones, is the provision of personal and professional guidance, 
usually to younger surgeons. Education and growth in 
surgery are highly dependent on this old process, perhaps 

more so than in any other discipline in Medicine. The 
complete concept of mentoring, according to these authors, 
has three basic characteristics related to the mentor’s 
personality and ability to teach and evaluate technical skills 
of a trainee: experience, trust, and commitment [13]. Recent 
changes in breast surgery with the advent of OP techniques 
in the past two decades is bringing different methods of men-
toring and requires new strategies in teaching and limit set-
ting to the surgeon acquiring new skills.

Leaders in OP have an important role, and they represent 
an essential component in shaping the future of breast 
surgery. There is a worldwide interest in the career benefits 
of breast surgery with these new OP opportunities. At the 
same time, there are also challenges completely different 
from the traditional surgical mentoring process. There is no 
standard, no consensus nor agreement between Breast 
Societies and Plastic Surgery Societies in various countries 
around the world regarding how to establish standardized 
training programs. At the same time, there are a growing 
number of surgeons, both young and old, now interested in 
learning these techniques so as to be able to offer better 
outcomes to their patients [14]. So, it is time to revisit our 
pedagogical way of teaching and lack of formal guidelines in 
OPS mentoring.

There are three generations of OP surgeons. The first 
were the few pioneers who formulated this philosophical 
approach to breast cancer surgery and began to do these 
surgeries between 1980 and 1990  in the face of great 
opposition. Most of these surgeons were from European 
countries; however, there were a few scattered in the USA, 
South America, and as far as New Zealand. After increasing 
use and acceptance of breast conserving treatment and 
increasing success with early detection and improved 
survival rates, a wave of young breast surgeons embraced 
this approach. These surgeons were inspired and trained with 
the pioneers or enrolled in fellowships with progressive 
Plastic Surgery Departments in order to obtain specific 
training in plastic and reconstructive techniques. The third 
generation is the new breast surgeons and those of the future. 
These breast surgeons are fortunate to receive comprehensive 
OPS training within the context of their fellowships. These 
specialty programs exist in Brazil, France, Austria, UK, and 
now India. OP breast surgeons may have a primary specialty 
in general surgery, plastic surgery, or gynecology which 
represents the most likely requirements for OPS of the future 
as well. Between the second and the third generations of 
breast surgeons lies the gap in patient care.

This group of surgeons caught in the “gap” currently per-
form most of the breast cancer surgeries around the world 
and they lack specific training in OP techniques or are not 
able to offer breast reconstruction to most of their patients 
due to difficulties or unavailability of plastic surgeons in 
their communities to partner with. Many of these surgeons 
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are now looking for training opportunities with short or 
intensive courses, in order to learn techniques that can help 
them with their patients. They are not young residents or 
fellows, but rather, they are already specialized surgeons out 
in practice, with varying degrees of experience and technical 
skills in breast surgery. How do we provide practical 
guidance for OP mentors to guide these colleagues? What is 
the philosophy behind OP surgery and its implications for 
mentoring? What are the limitations for these different 
courses? How do we set the limits? How can we provide 
educational certification? These questions remain unresolved, 
though fundamental questions for breast surgery in the next 
few years.

The basic question is: “What is OP surgery and what is 
the philosophy behind it? Werner Audretsch, the German 
surgeon who originally coined the term “Oncoplastic 
Surgery,” describes it as “tumor specific immediate breast 
reconstruction” [15]. So, it is not considered a new specialty. 
It is a gray zone between Plastic Surgery and Breast Surgery, 
a common area of interest for both specialties. It does not 
make sense anymore to discuss who should do OPS (and 
consequently who should not do it), because even plastic 
surgeons who have training in all reconstructive techniques 
now should have experience in all breast cancer treatments 
and their consequences in order to decide the best approach 
for each individual patient. They can no longer think only 
about aesthetics. At the same time, breast surgeons have a 
firm oncologic background, but usually do not have training 
or experience in plastic and reconstructive techniques, and 
they have not specifically considered the aesthetic analysis 
of the breast in most surgical situations. However, it is now 
time to recognize that these surgeons should not be limited 
only to oncologic outcomes without consideration and 
attention to the aesthetic outcome. The “old” approach is a 
fragmented process and leads to negative consequences in an 
organ that is aesthetically functional and a critical part of the 
survivors’ quality of life. Most breast cancer patients are 
currently not undergoing breast reconstruction, even in 
developed countries. In contrast to this, OPS is a translational 
way of doing breast surgery, by one surgeon, or by a team. 
Breast reconstruction, whether partial or total, should be an 
integral part of breast cancer treatment, not an option or an 
afterthought [2, 3, 6, 8, 14–18].

Considering that OPS is a group of techniques for breast 
cancer treatment, concerned with oncologic and aesthetic 
outcomes, and that we have many differences in Breast 
Surgery training worldwide, our focus should be on how to 
obtain individualized skills in different techniques. Countries 
like Brazil have breast surgery (“Mastology”) as a specialty, 
so naturally the Brazilian Society of Mastology is now 
including OPS in Residency training programs, and mentors 
are adapting themselves to this new reality. In UK, OPS is a 

subspecialty and belongs to Plastic Surgery and General 
Surgery, but in the USA breast surgery remains firmly as part 
of a General Surgery background [2, 3, 8, 14, 15]. All of 
these different approaches have particular challenges for 
training surgeons.

The time has come for the established breast surgery com-
munity to promote a universal mentoring culture for OPS. In 
previous eras, young surgeons were trained as apprentices by 
a single senior surgeon as a mentor. In more recent times, 
multiple mentors have become the dominant surgical model 
for most surgical specialties which offers the ability to learn 
various methods and techniques lending the potential for a 
broader foundation in skills training [13]. In OPS it is quite 
different. We are mentoring residents, fellows, and special-
ized surgeons from different ages and levels of experience. 
When training surgeons with varying levels of competency 
and knowledge it is critical to include a didactic as well as a 
hands-on component and to require a minimum amount of 
educational criteria and certification. Some countries offer 
facilities for training directly with patients in the operating 
room, others with cadaver labs. Currently there is no stan-
dardized pattern for mentoring such as those that exist for 
other subspecialties. In some circumstances, a single OP sur-
geon could be more effective as mentor than a team, while in 
other situations, a team approach might prove to be best. 
Inevitably, the training for breast surgeons must contain a 
well-defined core curriculum that, at a minimum, covers all 
aspects of the continuum of care and various surgical proce-
dures outlined as Levels I, II, and III (Table 71.1).

Do short courses solve the problem? Of course they can-
not. But they are important, because they address the needs 
of surgeons in practice today and these courses help surgeons 
learn new techniques, refine other ones, and increase their 
interest in learning OPS in order to improve their practice. 
However, while these courses can be very productive, they 
cannot provide ongoing, hands-on mentoring that helps 
expedite the integration of new techniques into practice. If 
possible, this is best done in the apprentice-type of atmo-
sphere with one on one mentoring.

OPS is more than learning in an operating room or in a 
cadaver lab. It is well-planned surgery, and in order to prop-
erly learn the techniques it is necessary to teach preoperative 
evaluation, during the breast markings and the decision-
making process. After the operation, we should deal with 
specific complications (and how to solve them), which are 
different from lumpectomy, mastectomy, axillary dissection, 
or sentinel node biopsy complications. But how to mentor it, 
and for how long? It depends on the previous surgical back-
ground of the mentee, and many other factors as it requires a 
realignment of the surgeons’ thinking and philosophy. OPS 
training is perhaps more subjective than any other surgical 
discipline. The learning curve needs to be standardized yet 
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individualized for each technique and for each surgeon. OPS 
does not represent a new specialty, but rather it is a refine-
ment in the conservative and radical surgical approaches to 
breast cancer treatment given the current “state of the arts” 
from diagnosis through survivorship. Mentors should iden-
tify technical limits and establish the borders for their men-
tees, using a model with levels of competence as presented 
above. Objective variables of technical skills should be based 
on competency-based training.

71.5  Conclusions

Above all else, it is necessary to ensure the safe introduction 
of OPS into surgical practice. Surgeons have two important 
aims to address in this new reality: to perform appropriate 
local control of disease and to focus on the long-term quality 
of life issues important to all breast cancer patients. These 
quality of life issues are a matter of breast surgery decisions 
beginning at the moment a breast cancer diagnosis is made. 
So the curriculum in breast surgery must expand its limits 
and responsibilities in order to change and improve the ulti-
mate reality of breast cancer patients. There is an exciting 
future for OPS mentoring. Instruments for performance 
assessment will be internet based, simulating real cases, with 
virtual reality and telementoring. Finally, OPS is a com-
pletely reshaping and revitalizing breast cancer surgery. But 
the way that this is accomplished will depend on how men-
tors will help the present and future generations of surgeons 
to bridge the gap. Overall, mentoring must be individualized, 
ethically founded, committed to present and future patients, 
and to new potential areas for research.

In the end, OPS is not a single technique or approach, but 
rather, it is a way of thinking differently as a surgeon. It 
entails looking at breast cancer surgery from multiple differ-
ent angles—in much the same way that each patient will 
look at herself in the mirror for years to come after her can-
cer has been removed. And when she looks at her breast, the 
goal is to have her feel a sense of relief—seeing herself as 
whole, healthy, and happy.
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Models for Oncoplastic and Breast 
Reconstruction Training

Gustavo Zucca-Matthes, Mauricio Resende,  
and Cicero  Urban

72.1  Introduction

The high level of responsibility in various vocations draws spe-
cial attention to the educational programs required for compe-
tence. To be an aircraft pilot or naval commander, it is critically 
necessary to have a great number of hours spent at a simulator. 
The same condition must be expected from surgeons. The pro-
gressive evolution of breast surgery is pushing surgeons up to 
improve their skills through different training programs.

During medical school, future doctors deal with different 
models of training. They start with cadaveric dissection and 
animal labs and finally arrive at clinical training guided by an 
experienced surgeon. To be a surgeon, it is necessary to 
spend many hours studying and practicing manual skills. 
Why not train in some kind of surgical simulator as well? In 
fact, this type of training already exists and is commonly 
used for minimally invasive surgeries in laparoscopy and 
robotic procedures. The main point of these devices is to 
closely mimic reality, simulate real clinical scenarios, and 
test and rate performance.

With respect to breast surgery, finding the optimal physi-
cal material to simulate a real breast is not easy. Investigators 
have mentioned the use of foam models trying to simulate 
human tissues. However, the expected level of realism was 
not achieved. This made it necessary to find more anatomical 
models to facilitate surgical training to allow surgeons to 
develop their skills and practice new techniques without risk 
to a real patient.

72.2   Types of Surgical Training

72.2.1  Training Programs

Over time, the apprenticeship method has become the gold 
standard for surgical training [1–4]. The paradigm of “see 
one, do one, teach one” clearly reveals the basic tenets of this 
method. It is a time-honored approach in which a skillful 
tutor provides practical demonstrations and shares theoreti-
cal knowledge with the trainee. Therefore, surgery is learned 
by example and repetition. This model of training demands a 
very large number and variety of cases to train a new sur-
geon. By the end of the 1800s, William Osler and William 
Halsted were responsible for pioneering and popularizing 
this method. They also established a more formal and struc-
tured system involving a team of trainees and mentors. In 
fact, the organization of residency training currently 
employed in the majority of medical schools derives mostly 
from their work. Surgical rotations and close relationships 
between masters and novices help the trainee gain compe-
tence, optimizing and amplifying the learning curve. Finally, 
on completion of the residency program, residents must 
demonstrate their proficiency through board examinations to 
be fully certified.

Although the current apprenticeship system of training 
has a proven track record of success, restrictions in resident 
work hours, financial pressures, patient safety issues, heated 
debates about early specialization, duration of training, and 
the search for a better quality of life have led some renowned 
surgeons to propose more efficient alternatives to this teach-
ing method. Furthermore, technological advances, such as 
computer-based simulators, have allowed young surgeons to 
gain surgical experience in a protected environment with no 
risk to the patient and to quickly improve their skills.

The breast is an important symbol of femininity, and so 
today, we see an increased number of cosmetic surgeries. In 
addition, breast cancer has spread around the world, and 
each country has their own set of customs for the specialties 
involved in breast reconstruction. However, all of them have 
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in common the realization that breast cancer surgery is 
changing and must adapt in order to provide current, safe, 
and refined treatment for women.

Over the last few decades, surgical techniques have 
advanced to the point where breast-conserving surgery 
(BCS) has become the standard of care for treatment of 
early-stage breast carcinomas. By the early 1990s, some 
authors suggested the integration of plastic surgery tech-
niques with BCS in the treatment of breast cancer. 
Conceptually, this approach, referred to as “oncoplastic sur-
gery,” aims at providing safe oncologic treatment through 
careful preoperative planning with the incorporation of plas-
tic surgery techniques in order to obtain good oncologic con-
trol with favorable immediate cosmetic results. Moreover, 
oncoplastic surgery very often offers improved overall aes-
thetic outcomes and seeks to optimize contralateral breast 
symmetry.

In 2003, Rainsbury wrote about future training and skills 
for breast surgeons in the new millennium [5]. He com-
mented that breast surgery was becoming more specialized 
as a result of fellowship training, greater patient demand for 
specialists, increasing trainee expectations, and new skills 
learned by existing breast surgeons. As a result, modern 
training programs need to recognize these requirements by 
supporting interprofessional cross-training initiatives and 
encouraging professional development.

In the United Kingdom, the oncoplastic concept has made 
the breast subspeciality a more popular and attractive career 
option to a new generation of surgical trainees. The general 
surgery programs do not offer adequate numbers of breast 
cancer cases for residents to adequately train, so residents go 
on to breast surgery or surgical oncology fellowships. 
Oncoplastic fellowships must train specialists who have an 
active role in the comprehensive management of breast can-
cer patients, capable of providing the most appropriate can-
cer surgery with the best cosmetic results. Robertson et al. 
proved that trained breast surgeons specialists perform 
implant-based immediate breast reconstructions with a satis-
factory outcome when evaluated by subjective and objective 
analyses.

This leads to the evolution of breast surgery with improve-
ment in surgical techniques looking for better results, espe-
cially regarding breast reconstruction and aesthetic 
procedures. It is important to mention that for good immedi-
ate results, breast reconstruction with implants requires a 
skillfully performed mastectomy.

The goal is to provide education for surgeons with large 
practices in breast surgery, but without oncoplastic or 
reconstructive surgery experience. Also of importance is the 
structure of postgraduate training courses and the level of 

activity of the breast reconstruction training unit. Breast 
cancer centers with high volume should be certified as train-
ing programs [6].

With increased subspecialization as exemplified by the 
growing number of physicians solely devoted to breast sur-
gery, surgeons are required to develop more sophistication in 
a relatively shorter period of time. However, the apprentice-
ship-based method relies on an extended period of time to 
provide the trainee with sufficient experience (Fig.  72.1) 
[7–18]. 

72.2.2  Simulators

The development and use of newly created simulators in 
residency or continuing medical educational programs has 
promoted a shift in surgical education [13–17]. Through an 
unlimited number of repeated exercises and in a calm, stress-
free environment, surgeons can theoretically gain extensive 
experience in a brief duration of time. The creation of an 
optimal simulator model as an adjunct to breast and plastic 
surgery education can improve the training process for both 
specialties and allow for more rapid attainment of compe-
tency. Different kinds of simulators or teaching techniques 
have been employed and have revealed good results in differ-
ent aspects of training. The use of foam models allows for a 
three-dimensional structure compared to the standard two-
dimensional reconstructed breast surface used when teach-
ing local flap techniques. It illustrates, for example, how the 
flap is harvested and how the nipple is fashioned in nipple-
areola complex reconstruction. The use of tissue-like phan-
toms is widely used to calibrate and compare imaging 
systems and to train surgeons to operate under image guid-
ance. There are also breast examination models being used to 
teach breast exams, to improve a doctor’s skill of palpation, 
and to increase the effectiveness of this examination to allow 
the physician to become less anxious with this interaction 
and more comfortable with this skill.

Training models have also been developed with adjustable 
breast masses; with varying densities and sizes and physical 
relationships with underlying rib and muscle structures in a 
silicone breast, it makes the phantom very realistic.

72.2.3  Cadaver Lab

Cadaveric dissection is broadly used for specialty laboratory 
training. Recently it has been used for breast aesthetic and 
reconstruction training. However, this practice is hampered 
by the costs involved in the preparation of cadavers and 
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laboratory, not to mention the many ethical issues that make 
this practice difficult in some countries.

72.2.4  Mastotrainer

The Neoderma model called Mastotrainer was created with a 
focus on breast aesthetics and reconstruction [6].

For this model, it was necessary to create differing planes 
of dissection, e.g., subcutaneous tissues, breast, muscles, 
and ribs. The “Mastotrainer” relies on this lifelike recreation 
of the organ and falls into a new class of simulators: 
“R.E.S.T. (Realistic Endo Surgical Trainer) simulators.” 
This technology was introduced in 42 countries and includes 
such specialties as neurosurgery, urology, gynecology, and 
general surgery among others. It makes use of a type of 
moldable rubber that, together with a group of polymers, 
allows for more than 60 types of consistencies ranging from 

mucoid secretions to cartilage. It allows for different color-
ations, which helps in creating a vast variety of different 
anatomical tissue planes as well as lesions. The combination 
of these components stimulates the formation of cysts, solid 
tumors, and masses of different consistency, including ones 
with calcifications and the formation of cleavage planes. 
The Neoderma is used in a customized manner that corre-
sponds with the variable pathologies that can be chosen 
before the training process. These simulators are placed on 
a fiberglass base that allows for the manipulation and prac-
tice on the body part of interest. The used anatomical part is 
discarded after the practice surgery, and the fiberglass base 
is now ready for another surgical unit and training run. 
Manufacturers offer Neoderma technology which mimics 
closely the color, consistency, feel, elasticity, and resilience 
of human tissues. More advanced technologies allow for 
bleeding inside body cavities. There are tissues that can be 
cut by an electric or ultrasonic scalpel and laser as well. 

a

c

d

b

Fig. 72.1 (a) Guided preoperative drawings. (b) Training in the surgical theater. (c) Cadaveric surgical mentoring by an expert. (d) Mastotrainer 
simulator for training in oncoplastic breast surgery
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When practicing suturing, it can provide the appropriate 
resistance to the specific tissues being worked on in addition 
to the type of sutures being used and maneuvers being per-
formed. These advanced teaching techniques decrease the 
learning curve for new professionals when learning to per-
form procedures for the first time.

The “Mastotrainer” was introduced as a new concept of 
simulators for use in surgical training. The Mastotrainer has 
proved very useful in training various surgical techniques, 
with the first version of the simulator being focused on breast 
augmentation and reconstruction following mastectomy. The 
second version of Mastotrainer, simulating larger and ptotic 
breasts, provides hands-on training for preoperative mark-
ings and various mammaplasty techniques, including breast-
conserving surgery, reconstructive lumpectomy, and 
oncoplastic procedures. Third version, medium size breast, 
allows mastopexy, vertical mammoplasty in additional to 
other techniques. More recently the fourth version is a large 
breast model improved. All of the Mastotrainer models are 
valuable for training oncologic, aesthetic, and/or reconstruc-
tive breast surgeries (Fig. 72.2).

This training model allows beginning surgeons to gain 
experience with fundamental surgical skills and principles 
such as making incisions, suturing, and identifying surgical 
planes which will diminish the risk of future preventable 
mistakes that can occur in the practice of surgery. There are 
an enormous list of factors that contribute to error prevention 
such as adequate experience, familiarity with the surgical 
field, and immediate recognition and successful solution of 
prior critical problems. All errors are discussed after the 
exercises are completed, and this is crucial to the surgeon’s 
learning experience and ability to prevent real future morbid-
ity for their patients.

Multiple virtual challenging clinical scenarios can be 
simulated by this program, and the surgeon’s performance 
under stress situations can be evaluated. These tutorials focus 
on improving surgeon performance using both basic and 
more advanced modules.

72.3  Discussion

In aviation, pilot experience is recognized to be invaluable, 
and this is gained in simulation programs and tutoring before 
they fly a plane. They are therefore required to undergo 
yearly training with new technology in different crisis 
simulators. Why not surgeons too?

Medical mistakes are, and will always be, inevitable in the 
practice of medicine. The goal here would be to give the novice 
surgeon experience with difficult operative challenges on a sim-
ulator before he is forced with a similar situation in a live patient.

The continuing evolution of surgical education in breast dis-
ease is a complex process that has been affected by several vari-
ables. During the last decade, many factors, such as an increasing 
demand for subspecialty care by patients and referring physi-
cians, have forced some changes to the current method of train-
ing. In fact, breast and plastic surgeons have been pushed to 
develop their surgical skills in a relatively shorter period of time. 
Surgical training in breast reconstruction has some specific 
requirements. A unique set of instruments is required, as is a 
practice model that closely resembles the different tissue types 
with which a breast surgeon will be faced.

Despite the ability of cadaveric models to provide excel-
lent lifelike simulation of multiple varied reconstructive pro-
cedures, the access, ethical issues, safety, and 
cost- effectiveness of this strategy have impaired the wide-
spread use of such models.

Another nonsurgical issue but perhaps equally important 
role for training centers is to teach the surgeons the value of 
really listening to their patients. Very often aesthetic results 
are poor from the viewpoint of the surgeon, but the patient is 
contented, mainly because she was treated for cancer and 
still has an acceptable breast shape. Of course, aesthetic 
results are important; however, for a breast specialist, the 
results cannot be evaluated in isolation but must take into 
account the goals, motivations, desires, and psyche of the 
woman that is being treated. As a surgeon gains experience 
with oncoplastic methods, the approach is much like a Swiss 

Fig. 72.2 Mastotrainer different generations
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army knife replete with different surgical options, some 
more or less appropriate for the clinical scenario and the 
expectations of the patient. In the twenty-first century, treat-
ment of breast cancer has become more and more individual-
ized, on both the molecular level and on the level of the 
whole human being, respecting the wishes and expectations 
of the patient in front of you. In addition, patients have 
become more demanding, with the increased expectations of 
their treating physicians pushing us to continuously refine 
our surgical techniques. The communication between breast 
surgeons and plastic surgeons is certainly important for this 
improvement in the standard of care regardless of the spe-
cific roles of each surgeon.

Critically important to teaching oncoplastic surgery is the 
use of a variety of methods including demonstrations of the 
relevant anatomy for breast reconstruction, small group tutori-
als, implant workshops, and experience with anatomical dis-
section. Students should perform cadaver-based procedures 
reinforced by teaching videos and live operative demonstra-
tions. The training centers should provide comprehensive 
oncological and reconstructive training with structured educa-
tional supervision, assessment, and feedback.

72.4  Conclusions

A well-organized educational program in oncoplastic breast 
surgery can elevate the current standard of care. We strongly 
believe that surgical simulators will provide a critical experi-
ence in the training of future oncoplastic surgeons to ensure 
the safe transition to surgery on live patients.
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Bioethics and Medicolegal Aspects 
in Breast Cancer Reconstruction

Cicero Urban, Iris Rabinovich, James Hurley II, 
Mario Rietjens, and Karina Furlan Anselmi

73.1  Introduction

The integration of bioethics in reconstructive breast cancer 
surgery is essential, because few diseases represent such a 
complexity from the scientific, psychological, therapeutic, 
ethical, and social point of view as breast cancer. Surgeons 
who are dedicated to this delicate field of work face daily 
situations that demand great sensibility and deep bioethical 
and medicolegal analysis.

Bioethics is one of the most dynamic emerging fields of 
philosophy applied to professional praxis and research in bio-
technology and in medical practice. Although bioethics was 
born in the USA in 1970, in Brazil and in Latin America, it 
appeared only in the mid-1980s and is considered now as late 
bioethics within the global scenario. Yet, it has been taking an 
increasing importance among the main specialized medical 
societies and medical associations. That is so because of its 
relationship with both individual and professional dilemmas 
that affect health professionals, legislators, and citizens. 
Therefore, this chapter will approach the most relevant bio-
ethical issues and medicolegal aspects concerning breast can-
cer treatment, with a special focus on breast reconstruction.

73.2  Current Concept

The concept that has come the closest to the ideal that bioeth-
ics proposes was elaborated by Reich in 1995  in his 
Encyclopedia of Bioethics: “A systematic study of the moral 
dimensions  – including moral visions, decisions, conduct, 
and policies – of the life sciences and health care, employing 
a variety of ethical methodologies in an interdisciplinary 
 setting” [1].

Bioethics must be considered a tool for medical decision- 
making, although being interdisciplinary is its most impor-
tant characteristic. This is what makes it different from 
classical medical ethics, which is traditionally marked by an 
almost exclusive emphasis on the doctor-patient relation-
ship. This deontological approach has proven to not be 
enough to encompass the emerging situations that have been 
aroused in the past decades [2]. Thus the domains of medical 
ethics and of today’s deontology interact with bioethics for 
the resolution of conflicts in research, public health, and 
internal medicine.

73.3  Bioethics and Research  
in Breast Cancer

Breast cancer is one of the most currently researched dis-
eases involving human subjects. The ethical regulations that 
govern such pieces of research were developed from events 
that raised great concern among the academic community 
due to history such as the research performed by the Nazi 
physicians and by the American postwar physicians, espe-
cially those in the study of Tuskegee, in the state of Alabama 
[1, 3].

One of the main bioethical elements found in the regula-
tions for research involving human beings is the expectation 
that the knowledge and advances produced will ideally lead 
to the well-being of all humanity. Therefore, a moral princi-
ple in research with humans is respect for human dignity. 
Two components must be highlighted here. The first one is 
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the choice of subjects for research, aiming to provide the 
subjects themselves and other groups with benefits, and also 
for the advance of science. The second one is the use of mor-
ally acceptable means to reach the same ends. The key point 
in moral objections of research is using another human being 
as a means to legitimate ends. It is unacceptable to treat peo-
ple as a means or an object. Such an attitude harms the dig-
nity that is innate to human beings, as it also downgrades the 
medical professionals, researchers, and humanity as a whole 
[3–5].

Risks in research must be interpreted from the bioethical 
principle of no harm, that is, the duty of forecasting or 
avoiding harm to the subjects involved in research. They 
must not be involved in unnecessary risks. Research with 
humans must be beneficial to society as a whole, but also to 
the subjects themselves. That means that all patients with 
breast cancer involved in research need to be benefited as 
well [3–5]. Professor Umberto Veronesi states that “si cura 
meglio dove si fà ricerca,” which means we can treat patients 
better where we can perform research. It is necessary that 
this principle be respected and advocated by members of the 
institutional review board and also by the sponsors involved 
and by the researchers themselves.

The ethical approach to this research needs to center on 
the patient with cancer. Sometimes the expectations, 
interests, and hopes of the patient in research are not 
proportional to their real benefits. In order for their free and 
clear consent to be established in its full potential, the 
transmission of information must be technically adequate, 
individualized, and with clear language. Therefore, a positive 
and collaborative relationship between researcher and 
research subject is established. Considering the patients with 
breast cancer, it is important to highlight the vulnerability 
existing among patients diagnosed with a serious, chronic, 
and potentially mutilating disease. These patients demand 
special attention as to free and clear consent in order to 
respect their autonomy.

Research in breast surgery that involves patients either 
directly or indirectly (for instance, those researches that use 
health records or test results) must follow the principles 
specified in international recommendations like the Helsinki 
Declaration, the norms for good clinical practice, and the 
Human Rights Declaration. Research protocols must go 
through the approval of an Institutional Review Board, in 
agreement of each country’s standards. Research involving 
areas such as genetics and human reproduction and research 
with new drugs with industry cooperation need special 
attention in order to protect patients and prevent them from 
being the subject of exploitation in research that involves 
significant conflict of interest, especially in developing coun-
tries and vulnerable populations [5]. Particularly, in breast 
reconstruction research, patients should be respected in 
regard to their privacy, with special care with photos.

73.4  Breast Cancer and Public Health Care

The remarkable American bioethicist Daniel Callahan has 
had severe criticism to the ways of western medicine. He 
argues that one of western medicine’s main problems is 
setting unlimited horizons for its range of work. This lack of 
limits and the uncontrolled expansion (even disregarding the 
health-disease relationship) end up resulting in an increase 
of medical care costs that not always corresponds to an 
improvement in most people’s health. Therefore, the use of 
sophisticated resources, with high costs and benefits that are 
not always proportional to such costs, has turned modern 
medicine into an impossible project to be accomplished [6].

One of the examples that can be mentioned regards the 
USA, a country that spends over 2 trillion dollars on health, 
which corresponds almost to the amount spent by all the 
other countries together [7, 8]; there are over 46 million 
Americans out of the health system. Suffice it to say that one 
of the key points of Barack Obama’s presidential past 
campaign was health reform in the USA. This is something 
that will become even more difficult to be completed in a 
period of a global economic crisis.

Breast cancer, as a health problem all over the world, may 
bring important consequences if erroneous decisions in 
health policies are made. In Brazil, breast cancer is the main 
cause of death from cancer among females. The use of only 
2–3% of the gross internal product (GIP) on health (in the 
USA more than 15% is used) results in an ethical dilemma of 
considerable proportions within the public health system, 
which is known by all Brazilian health professionals. The 
public health system in Brazil is a Universalist one, and it is 
similar to most of European models (guaranteed by article 
196 of the Brazilian Federal Constitution of 1988—“…
health is the right of all people and the duty of the State…”). 
However, as it happens in many European countries, the 
State cannot keep its costs unlimited, so it risks becoming 
bankrupt. That is why in the specific case of breast cancer, 
mammographic screening and timely access to updated 
treatments are inadequate given the distribution of existing 
resources. So the Universalist model does not manage to 
reach everybody equally. The unequal conditions in 
diagnosing and treating breast cancer in the Brazilian 
environment have not been properly studied yet. The 
damages in terms of life expectancy and years lost on work 
are noticeable and may increase in the forthcoming years.

The aim of health policies on cancer in developed coun-
tries is focused on prevention and early diagnosis. The mam-
mographic screening test and the routine clinical exam may 
reduce mortality caused by breast cancer by 25–30% among 
women over 50  years of age. Such measures aim to find 
tumors of smaller size, which implies treatments will have 
more effective results and at lower costs. An example of how 
this can work is ductal carcinoma in situ (DCIS), which is the 
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sort of breast tumor with the highest incidence in developed 
countries. Over 90% of the cases are not palpable, and their 
diagnosis is only possible through mammography. There is 
no need for chemotherapy or sentinel node biopsy as well as 
axillary dissection. The rate of cure is approximately 100%, 
and for most of patients with breast preservation techniques.

Considering that the potential of years wasted with breast 
cancer is second only to cardiovascular diseases, its economic 
and social importance is evident. The reduction in the 
mortality of breast cancer, first noticed in the USA and then 
followed by Sweden and England and now reaching most of 
the countries in the European Union, is a result of investments 
in detection and access of most of the population to better 
diagnostic and therapeutic modalities. It is clear that the 
early diagnosis not only benefits women in terms of survival 
and less mutilating surgeries but also reduces treatment costs 
and keeps an important portion of society with breast cancer 
economically active.

On the other hand, in developing countries in reproductive 
age groups, breast cancer is considered a substantial problem 
with similar importance to major global priorities such as 
maternal mortality [8, 9]. Advanced tumors demand thera-
peutic resources at higher costs. Results in terms of disease-
free survival, however, are less satisfactory than at the early 
breast cancer stages. Local recurrences and distant metastasis 
require the use of chemotherapy schemes, hormone therapy, 
radiotherapy, and monoclonal antibodies of growing com-
plexity in relation with those applied to more precocious 
tumors. Besides that, they diminish the labor capacity of these 
patients and require longer rehabilitation periods. A patient 
with metastatic breast cancer currently under the recom-
mended treatment will cost the state and health insurance 
companies more than the transplant of organs and a few 
mammography and ultrasonography devices.

In developing countries, an increase in both the incidence 
of cases and in the mortality caused by this disease is 
expected [8, 9]. Therefore, it is imperative that the population 
has access to early diagnosis and proper treatment at the 
right time. These are some of the challenges in breast cancer 
that public health systems all over the world have to face. In 
this situation, bioethics may work as an element of facilitation 
in the formation of governmental decisions, following the 
example of other countries such as the USA and Italy, which 
have national committees of bioethics involved in public 
health matters.

73.5  Genetics and Breast Cancer

Although a positive family history is reported between 15% 
and 20% among women with breast cancer, congenital breast 
cancer occurs only in 5–6% of all cases [10], and mutations 
in genes BRCA1 or BRCA2 are found in most of these cases 

[11]. Although mutations of the BRCA 1 and BRCA2 genes 
are most frequent, there are gene mutations associated with 
hereditary syndromes that may increase familial risk for 
breast cancer such as P53, PTEN, CDH1, STK11, MLH1, 
MSH2, MSH6, and PMS2 [12]. Today genetic tests to 
identify such mutations are commercially available. The 
frequency of these mutations is rare; however, they occur in 
approximately 0.1% of the population in general [12]. The 
prevalence of mutations BRCA is higher among Ashkenazi 
Jewish women, reaching 2% [13]. These genes are considered 
tumor suppression genes, and they work on repairing 
DNA.  When there is a mutation, this function is not 
performed properly, which allows for the formation of a 
tumor. Transmission is dominant autosomal, but the 
penetration is incomplete; therefore, genetic mutation points 
to a higher susceptibility of developing a breast cancer, but 
that does not occur in all cases. It is estimated that a person 
holding mutation in gene BRCA1 or BRCA2 has a risk of 
developing breast cancer around 50–87% throughout life, 
and a risk of developing ovary cancer between 15% and 44% 
[14, 15].

Genetic consultaion and a genetic test should be proposed 
when (a) the patient has a personal or family history that 
points to a genetic condition susceptible to cancer (the crite-
ria established by the National Comprehensive Cancer 
Network are as follows: family history of a patient in the 
family with ovarian cancer, a history of breast cancer before 
age 50, a history of triple-negative breast cancer diagnosed 
before 60 years of age, two primary breast cancers in the 
same individual, breast cancer at any age with a first-degree 
relative with a history of breast cancer before age 50 or ovar-
ian cancer at any age or two high-grade relatives with breast 
cancer and or pancreatic cancer at any age, individual with 
no personal history of cancer but with a family history of two 
primary cancers in the same individual, male breast cancer, 
and family history of three or more family tumors such as 
pancreas, prostate, sarcoma, adrenal, lung, leukemia, colon, 
stomach, endometrial, and thyroid) [16]; (b) the genetic test 
may be adequately interpreted; (c) test results contribute to 
the diagnosis or influence the clinical or surgical treatment of 
the patients or of their families with risk of congenital can-
cer. It is recommended that the genetic test be only per-
formed together with genetic advice pre- and posttest, which 
must include a discussion over possible risks and benefits of 
early detection of cancer and the modalities of prevention 
[17].

It is critical to interpret results adequately. There are three 
types of results: (a) positive result (the mutation with 
deleterious effects in BRCA1 or BRCA2 was found, and it 
put the person at risk by increasing the development of a 
breast cancer and ovarian cancer), (b) negative result (there 
is a mutation known by the family, but the person tested is 
not a holder of such mutation), and (c) inconclusive or 
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undetermined (no mutation is identified in the person tested, 
and there is no case of mutation known in the family, or a 
mutation was found in the test but its meaning is unknown).

The choice for undergoing the diagnostic test must be 
exclusively made by the patients. They must be aware of 
their choice to either accept or refuse the genetic test. In the 
pretest advice session, all of the important and necessary 
information must be given to the patient. This must cover the 
advantages and limitations of the test, the possible types of 
results, and the measures to minimize risk that can be taken. 
Informed consent is, therefore, a mandatory prerequisite for 
any type of genetic test. The principle of autonomy is the 
base of informed consent, and it is essential for preserving 
the individual’s freedom and his right to make choices [18].

When an inherited breast cancer syndrome is suspected in 
a family, the first person that has to be tested is the relative 
affected with the disease. Once the test identifies the 
mutation, a genetic test to this specific mutation can be done 
in the other family members. Each relative has 50% chance 
of being a mutation carrier [19].

If the genetic test is positive for a mutation, one of the 
most effective methods that can be considered to reduce the 
breast cancer risk is prophylactic surgery. The prophylactic 
surgery includes prophylactic bilateral mastectomy and/or 
prophylactic bilateral salpingoophorectomy. If the patient 
doesn’t want to undergo a prophylactic surgery, chemopre-
vention (tamoxifen) and surveillance (clinical breast exami-
nation, self breast examination, mammography, and 
magnetic resonance imaging) could also be discussed [19].

Although there are no randomized prospective trials that 
evaluated the efficacy of prophylactic bilateral mastectomy, 
and not many studies approached this issue, the literature 
shows that bilateral prophylactic mastectomy reduces the 
risk of breast cancer by approximately 90% in BRCA 1/2 
mutation carriers and high-risk breast cancer patients [20–
24]. Even though the accomplishment of a prospective 
randomized trial would be the best way to evaluate the 
efficacy of the prophylactic surgery, it probably would be not 
possible because not many patients would accept to be 
randomized to do a prophylactic surgery or nothing.

In terms of surgery, there are four kinds of prophylactic 
mastectomy: total mastectomy, skin-sparing total 
mastectomy, nipple-sparing mastectomy, and areola-sparing 
mastectomy. The lack of prospective randomized studies 
comparing these different techniques makes more difficult to 
establish which one is the ideal approach. The total 
mastectomy initially appears to be the safest procedure, 
because it removes the breast tissue, skin, and nipple-areola 
complex; on the other hand, the aesthetic outcome is poor. 
The skin-sparing mastectomy emerged as an alternative to 
total mastectomy, with better aesthetic outcome because it 
preserves the skin and, when it is associated with a 
reconstruction procedure, can reach a better outcome. 

Recently, the subcutaneous mastectomy (nipple-sparing 
mastectomy) has appeared as a surgical variation that 
consists in preservation of the skin and the nipple-areola 
complex ensuring an even better aesthetic result, with a more 
natural appearance of the breast. This technique however 
brings a serious concern, because a greater amount of tissue 
is preserved along with the nipple-areola complex and this 
could be associated with a higher incidence of cancer. 
Although this fear came from pathologic studies that shown 
the presence of cancer cells in the nipple ducts, there are 
insufficient data to support this argument, and some studies 
has already demonstrated good results with this technique 
[19, 25]. At last, the areola-sparing mastectomy consists in 
the preservation of the skin and the areola and the removal of 
the breast and the nipple. There are insufficient data with this 
kind of surgery in terms of aesthetic-functional outcomes 
and/or long-term oncologic results.

Privacy and confidentiality: respect to the privacy of 
patient’s genetic information demands that the result of the 
test be not revealed to anyone without the consent of the 
individual tested. When family mutations are identified, 
individuals should be strongly encouraged to share results 
with other family members who are also at risk, especially 
when risk reduction measures can be taken [17]. However, 
some people may not feel like revealing genetic information 
to other members of the family. The doctor may face an 
ethical dilemma if the patient refuses to reveal genetic 
information to relatives that are at risk. In such situations, the 
subject of reliability is in conflict with the ethical principle of 
avoiding damage to others [18]. Most authors do not support 
the revealing of family genetic information without the 
patient’s consent, unless the possibility of serious damage 
exists and is very high [26, 27].

Another important aspect to be considered is genetic dis-
crimination. This refers to less favorable or adverse treat-
ment that an individual without traces or symptoms of the 
disease gets, based on their genetic or genotypic characteris-
tics [26]. The affected individual may experience discrimina-
tion from insurance companies and job agencies. The fear of 
discrimination is one of the most commonly identified rea-
sons among women who are not willing to take a BRCA 
genetic test [28–30]. Considering that, preserving the indi-
vidual’s confidentiality of genetic information is very 
important.

Finally, the psychosocial influences that the result of the 
genetic test will bring to the life of the patient must be consid-
ered. Knowing that a genetic mutation is present and the con-
sequences of the personal risk of breast cancer may affect a 
person in various ways. Women with positive test results 
might experience a wide variety of emotions such as anxiety, 
depression, fear, and anger. Women who have already had 
breast cancer may feel disturbed when learning that they have 
the risk of developing other types of cancer. Also, individuals 
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might have a feeling of guilt, despite the existence of a pos-
sible mutation. Bearers of mutation BRCA may experience 
“transmission sense of guilt” for they can transfer an increased 
genetic risk of cancer to their children, while non-bearers 
may experience the “survivor’s sense of guilt” for being 
among the members of the family who did not inherit the 
mutation. Therefore, a proper psychological preparation of 
the patient before performing the genetic test is important.

73.6  Clinical Bioethics

Clinical case study: A 37-year-old, white, homemaker, Catholic, 
diagnosed with breast cancer, T2N0, ER/PR positive, and 
HER-2 negative. She is in her 7th week of pregnancy and wants 
to have an immediate breast reconstruction. The breast surgeon 
was asked to give an opinion of the case.

Regardful medical virtues such as integrity, compassion, 
and altruism are determinant for the exercise of medicine [24]. 
Albert Jonsen, professor emeritus of medical ethics at the 
University of Washington, created a practical method to aid in 
the resolution of complex clinical cases, like the one presented 
above. It is based on four fundamental points: medical indica-
tions, patients’ preferences, quality of life, and contextual 
aspects [2]. A favorable point of this method is that it allows 
for a shared bioethical sense that is easy to understand.

73.6.1  Medical Indications

It is the relationship between pathophysiology and therapeu-
tic/diagnostic interventions that are indicated to solve the 
case properly. It refers to the application of medical and sci-
entific knowledge. Whenever possible (and when such con-
ditions are available), they must be based on clear scientific 
evidence. In breast oncology, around 60–80% of all deci-
sions can use data from evidence-based medicine (MBE), in 
contrast with general medicine, in which a little more than 
15% of the clinical decisions are based on consistent scien-
tific evidence, and around 40% are based solely on profes-
sional expertise, since they do not provide published clinical 
studies that could respond to all existing questions. Important 
points to be considered and those with bioethical 
implications:

• What is the patient’s health problem?
• Is it a severe or a chronic problem? A critical one? An 

emergency? Is it reversible?
• What are the targets of the treatment?
• What are the probabilities of success?
• What are the perspectives of failure of the treatment?
• To sum up, how can the patient benefit from the treatment 

in question?

73.6.2  Patients’ Preferences

In all medical treatments, patients’ preferences, based on 
their own values and perceptions as to the benefits and risks, 
are ethically relevant. The following points must be clarified 
before decision-making:

• Did the patient express their preferences concerning the 
treatment?

• Was the patient correctly informed about the risks, bene-
fits, and their consent?

• Is the patient mentally capable and legally competent?
• If incapable, who is the legally responsible individual?
• To sum up, is the patient’s autonomy being respected?

73.6.3  Quality of Life

Besides preserving the life of the patient, another major tar-
get of medical intervention is to reestablish, keep, and 
improve the quality of life. What is the expectation with and 
without the treatment for the patient to go back to a normal 
life? The questions that must be clarified:

• What problems may impede the evaluation of the patient’s 
quality of life?

• What physical, mental, and social limitations will the 
patient present with after treatment?

• Is present or future condition of the patient be considered 
undesirable?

• What are the plans to offer the patient some comfort or 
palliation?

73.6.4  Contextual Aspects

The care of patients is influenced either positively or nega-
tively by the family and by a variety of contexts such as per-
sonal, emotional, psychological, religious, financial, 
educational, legal, institutional, scientific, and social. The 
questions that must be clarified:

• Are there family problems that may influence therapeutic 
decisions?

• Are there any financial problems?
• Are there any medical or nursing problems?
• Are there any religious or cultural problems involved?
• What about the allocation of resources?
• Is there any reason for breaking confidentiality?
• And how about legal matters?
• Is there any research/teaching involved?
• Is there any conflict of interest?
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Some important points emerge from this type of method-
ology. One of the most important of them is that no bioethi-
cal analysis of clinical problems should be performed 
without a deep scientific knowledge and clinical experience 
of the matter. A lack of knowledge invalidates any conclusion 
a posteriori. The second one is that a bioethical background 
is fundamental to the specialist decision.

By applying Albert Jonsen’s method to help the breast 
surgeon find an answer to the clinical dilemma, one can find 
(a) medical indications—it refers to a 37-year-old patient 
with a breast neoplasia in the 7th week of pregnancy who is 
asking to maintain the pregnancy (in some countries it is not 
allowed to perform unless the patient is at risk to die) and 
wants a breast reconstruction. The patient is not a good 
candidate for neoadjuvant chemotherapy due to the risk of 
malformation. Since the patient is not in an urgent situation, 
there is no need to make an immediate decision—the decision 
can be discussed with the bioethical committee, patient, and 
family. Breast reconstruction in this case can be done with 
less aggressive techniques like expander/implants, without 
compromising the pregnancy or oncologic treatment. (b) 
Patient’s preferences—the patient requested a breast 
reconstruction and to maintain the pregnancy. She is legally 
competent. (c) Quality of life—the quality of life without 
reconstruction is expected to be worse. The patient has a 
chance to return to a normal life, and the absence of the 
breast will cause damage to her quality of life in the near 
future. (d) Contextual aspects—there are legal-medical 
implications for abortion in Brazil, and the patient would not 
terminate the pregnancy influenced by her Catholic origins 
[31]. Breast reconstruction in this case, once it is well 
documented in the medical records and properly authorized 
by the patient, is ethically acceptable in such case.

Albert Jonsen’s method improves the knowledge about 
conflicts, protects patients’ autonomy, and integrates medical 
decisions. On the other hand, although it examines these situ-
ations and organizes them systematically, it does not solve 
them in all cases. The conflicts may occur within each of these 
points mentioned. Decision-making is sometimes so complex 
that it is necessary to resort to technical support from a consul-
tancy professional with bioethical competence in the resolu-
tion of problems or, preferentially, of a bioethical committee.

73.7  Medicolegal Aspects in Breast  
Cancer Reconstruction

According to the American Society of Plastic Surgeons in 
2010, 93,083 breast reconstruction procedures were 
performed. Seventy-four percent of these used either saline 
(20%) or silicon (54%) implants. Another 19.5% were 
accomplished using various flaps including TRAM, latisimus 
dorsi, DIEP, and others. Twenty-two percent of the implants 

were ultimately removed. According to Mark Gorney from 
The Doctors’ Company [32, 33], 31% of claims against 
plastic surgeons involve elective breast operations. Of these, 
55% are related to scarring or tissue loss/necrosis, and 45% 
are related to augmentation or reconstruction of the breast 
done with expanders and subsequent implants [33]. As 
oncoplastic surgery done by breast surgeons is a relatively 
new concept in the USA, further evaluation in this area is not 
available but will be carefully examined in the near future. 
This section will outline several areas that both plastic and 
oncoplastic breast surgeons need to address to limit their 
liability. These include patient selection and expectation, 
communication, informed consent, documentation, and 
event management.

73.7.1  Patient Selection and Expectations

It is important to realize that patients that present for purely 
aesthetic breast procedures are very different in their 
expectations from those that need reconstruction as part of 
their breast cancer treatment. The former will want a result 
that is better than their baseline in terms of aesthetics and 
symmetry. These patients will not present ordinarily with a 
breast cancer diagnosis and may be unrealistic in their 
expectations. The ability of the surgeon to perform to these 
expectations is fundamental. The cancer patient will undergo 
a destructive procedure to cure their cancer, and the final 
result is not usually expected to be as good as the original 
breast. Reconstructive surgeons should be well suited to this 
task with appropriate training. Though expectations are 
somewhat lower, a near normal breast with symmetry should 
be accomplished. This, of course, is made harder by the 
removal of breast tissue, chemotherapy, and radiation 
therapy. These patients may also return some time after their 
initial care for further aesthetic-functional adjustments and 
surgery. The surgeon should be able to handle this as well. 
Surgeons should learn to identify these patients when they 
present to serve them in the most appropriate manner.

When dealing with a patient’s expectations, a careful his-
tory is very important to ascertain the patient’s motives and 
desires. This requires good patient contact, empathy, atten-
tion, and questioning. It may also be useful to talk with sig-
nificant others such as spouse or family members to further 
determine the results desired.

Not only are patient factors important in planning surgery, 
but the surgeon’s comfort level with the patient, experience, 
and training are also variables to consider before operating. 
The patient must have reasonable expectations regarding 
what is possible, and the surgeon must be comfortable that 
he can deliver the desired result. If not, then not operating or 
referring the patient to someone more qualified is certainly a 
good outcome.
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73.7.2  Communication

Honest and timely communication is of utmost importance 
in any doctor-patient encounter. Being on time in the office 
or giving the patient a cell phone number or email address is 
powerful communication. Eye contact, body language, and 
vocabulary choice also come together to send a message to 
the patient and her family, either good or bad. The ability to 
communicate and establish a relationship will significantly 
add to the credibility of the surgeon. The acronym HEAL 
[34] has been very useful in establishing and continuing 
relationships with patients and families especially in times of 
poor outcomes. H is for hear. Hear what your patients and 
families are trying to say. E is emotions. Address the patient’s 
and family’s emotions. A is for ask and answer. Ask patients 
and their families to tell you what they already know and 
answer what they want to know. Finally, L is loyalty. Foster 
already existing loyalty and rebuild that portion that may 
have been lost. Most medical malpractice cases are caused 
by no or misunderstood information and the patient’s or 
family’s need to learn the facts of the care given [34, 35]. The 
surgeon must learn to be a good communicator and, thus, 
educator of his patients. This education informs the patient 
of the disease process, prognosis, treatments, and alternatives 
and explains possible negative outcomes. This begins with 
the first handshake and never ends.

73.7.3  Informed Consent

The process of informed consent is the foundation of the 
doctor/patient relationship. Through this interaction, the 
patient comes to understand her diagnosis, options for 
management, potential outcomes and risks of each option, 
and what can be expected as an ultimate result. From this 
information, the patient can choose a course of action by 
including her own preferences and desires. Informed consent 
is not a simple form the patient signs but a process that begins 
with the first consultation and continues with each encounter. 
It involves the previously mentioned areas of patient 
selection, communication, and management of expectations. 
It is the surgeon’s best friend in malpractice litigation. It is 
one of the first areas of examination by plaintiff’s attorneys 
and, if absent or weak, is almost always included in 
complaints.

In documenting informed consent, a preprinted form 
(Fig.  73.1) is usually required, but in addition hospital or 
office notes should reflect the thought process the surgeon 
and patient have taken in support of the final written consent. 
These notes should include the patient’s thoughts, 
expectations, and specific refusal of offered options. A 
specific summary statement should be included in the notes 
(e.g., I have talked with the patient at length regarding her 

diagnosis, proposed procedure, potential risks, possible 
benefits, and alternative modes of therapy. Risks discussed 
included but were not limited to _________. She under-
stands the procedure, accepts the risks, and wishes us to pro-
ceed. We will do so in the near future.) Risks should be listed 
but this is not meant to be all inclusive. Table 73.1 lists the 
most common potential risks of oncoplastic surgery. A good 
informed consent process will not only protect the surgeon 
but enhance the relationship with the patient.

73.7.4  Documentation

Documentation is the cornerstone of any malpractice 
defense. Good documentation may convince a plaintiff’s 
attorney not to pursue a case. In addition, it certainly is 
valuable when reviewing a patient’s care and outcomes as 
well as making treatment plans. Documentation includes 
many aspects of the medical record. The hospital chart 
should be complete in a timely manner including the history, 
physical, consents, operative notes, and discharge summary. 
The office records should include all interactions and 
contacts with the patient such as telephone calls, literature 
given to the patient, notes of office visits, consents, 
correspondence, and photographs (preop and postop). The 
office notes should include history, physical, diagnostic 
results, diagnosis, treatment plans, referrals, alternatives, 
risks, and the patient’s desires and expectations. Of course, 
no record should be altered after being signed off as this 
greatly weakens the credibility of the medical record. Late 
entries are allowable if identified as such. The records should 
also be legible.

73.7.5  Event Management

Despite the surgeon’s best efforts, poor outcomes do occur 
(Table  73.1). Patients and their families are often very 
disappointed in these results. They have trusted the surgeon 
to meet their expectations, and when that does not occur, 
trust is shaken, and the surgeon is likely to be second guessed. 
It is at this point that the relationship with the patient may be 
lost. The surgeon must continue to communicate. A full and 
honest explanation to the patient and family is required. 
Sincere and empathic apologies may also help to ease the 
disappointment. In this regard, many lawsuits are filed sim-
ply because of lack of explanation [36]. These patients and 
families may not have been personally approached by their 
surgeon or feel that there may be something “covered up.” 
Many plaintiffs file complaints to find the truth.

In addition, some progressive malpractice insurers wish 
to be notified of adverse events when they happen to 
help  guide the surgeon in recovering the patient’s trust. 
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Fig. 73.1 Informed consent model for oncoplastic and reconstructive surgery from Our Lady of Grace Hospital Breast Unit, Curitiba, Brazil
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Fig. 73.1 (continued)
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This interaction is important as the surgeon and his ego are 
most vulnerable at this time. The initial impulse is to avoid 
the situation and that is precisely the wrong approach [37–
39]. Advice from an event manager can prove to be quite 
helpful in avoiding litigation. Many feel that this transpar-
ency is full of potential problems, but, in fact, this approach 
can actually decrease the frequency of lawsuits, increase 
credibility, and maintain the physician-patient relationship.

73.8  Conclusions and Perspectives

Bioethics has been walking together with the development of 
biotechnology and with its dilemmas, which go far beyond 
the technical-scientific debate. Within reconstructive breast 
cancer surgery specifically, there is the need for introducing 
bioethics and medicolegal aspects in the educational pro-
grams for specialists. It is true that technological develop-
ment has improved the possibilities of the diagnosis and 
therapy of breast cancer, but the individual experience of 
those who deal with this malady daily is not the only object 
of scientific calculation. In addition to scientific competence, 

the physicians must have the humility to recognize their role 
and their limits: taking care above curing. This is the most 
important virtue to be cultivated by the breast surgeon with 
the aid of bioethics, reducing claims and improving breast 
cancer patient’s survival and quality of life.
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pertuzumab, 190
trastuzumab, 189–190

Areola grafting, 423–424, 426–428
Areola reconstruction

skin grafts, 666, 667
tattooing, 666, 668

Areola sharing with concentric circle method, 666
Areolotome, 353
Arimidex, Tamoxifen, Alone or in Combination (ATAC) trial, 180
Aromatase inhibitors (AIs), 175, 180–181
Atypical ductal hyperplasia (ADH), 80, 90
Atypical lobular hyperplasia (ALH), 80, 90, 100, 101
Augmentation mammaplasties, 482
Augmentation of reconstructed nipple, 494, 496

cost analysis, data on, 497
infection rates, data on, 497
non-radiated patients, data regarding capsular contracture in, 

496–497
radiation therapy, capsular contracture data regarding reduction 

after, 497
Autoaugmentation techniques, 368, 370
Autologous breast reconstruction, 259

history, 573
with myocutaneous flaps, 727

Autologous fat transfer, 604
Autologous fat transplantation, 774
Autologous latissimus dorsi breast reconstruction

autologous latissimus dorsi flap
fatty extensions, latissimus dorsi muscle, 542
latissimus dorsi muscle, 541–542

breast reconstruction with, 546–547
capsular contracture, 549
complications

donor site, seroma formation at, 548–549
donor site, skin morbidity at, 548
dorsal hematoma, 550
dorsal pain, 550
latissimus dorsi myocutaneous flap necrosis, 547
loss/insufficient breast volume, 549–550
postoperative dorsal hematoma, 547
recipient site, skin morbidity at, 548
scapular sequelae, 549

immediate autologous latissimus dorsi reconstruction and 
immediate nipple reconstruction, 548

indications/contraindications, 542

musculocutaneous latissimus dorsi flap, 541
objectives of, 542
surgical procedure

design, 543, 544
flap, positioning and modeling of, 545–546
lipomodelling, 546
preoperative planning, 542–544
surgical technique, 544–545

Autologous lower pole sling (LPS), 523–526
Autologous reconstruction, 208–209

breast reconstruction after RT, 721–723
breast reconstruction before RT, 717–719

Axilla, 575
Axillary lymph node, 54
Axillary lymph node dissection (ALND), 77, 114, 116, 247, 250, 252
Axillary lymph node with metastatic mammary carcinoma, 114
Axillary sentinel node biopsy (SNB)

indications, 247–248
macrometastatic disease, 250
micrometastatic disease, 249–250

Axillary surgery
ALND, 247
clinically positive axilla, 250–251
ductal carcinoma in situ (DCIS), 248–249
male breast cancer, 249
management of axilla, 251–252
multicentric cancers, 249
neoadjuvant chemotherapy, 251–252
prophylactic mastectomy, 248
recurrent disease/new primary breast cancers, 252–253
SNB

indications, 247–248
macrometastatic disease, 250
micrometastatic disease, 249–250

Axillary web syndrome (AWS), see Cording

B
Baker’s classification, 601
Batwing mastopexy lumpectomy, 329, 331–332
BCS, see Breast conserving surgery
BCT, see Breast-conserving therapy
Berrino’s classification, 436
b-fibroblast growth factor (bFGF), 773
Biazus technique, 435
Bilateral breast augmentation, 422
Bilateral mastectomy, 24, 35

with de-epithelialised lower flaps, 149
with LD flap, 150

Bilateral nipple-sparing mastectomy, 149, 513–516
Bilateral prophylactic mastectomy (BPM), 37, 157, 809
Bilateral rupture, 611
Bi-level classification system, 286
Bilobed flap, volume replacement techniques, 392, 398
Bioethics

clinical bioethics
contextual aspects, 831–832
medical indications, 831
patients’ preferences, 831
patient study, 831
quality of life, 831

genetics, 829–831
public health care, 828–829
research, 827–828

Biomarkers, 185–186
Bipedicled flap, 729
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Bipedicled TRAM flap
abdominal flap, 570
abdominal wall issue, 566–567
breast footprint, 568, 570
image profile, 568, 569
indications, 566
partial flap loss, 571
patient education, 567–568
patient selection, 567
preoperative care, 567–568
unilateral reconstructions, 565

Birds beak deformity of the lower pole, 292
Bisphosphonates, 184
Body-jet system, 656
Bone-modifying agents

anthracycline-and taxane-based regimens, 186–188
biomarkers, 185–186
bisphosphonates, 184
capecitabine, 188
carboplatin, 188–189
chemotherapy, 186
CMF regimen, 188
denosumab, 184, 185

Bostwick’s method, 532
BPM, see Bilateral prophylactic mastectomy
Brachial plexopathy, 200
BRCA carriers

chemoprevention, 38
surgical management

breast-conserving surgery, 34–35
contralateral prophylactic mastectomy, 35–36
nipple-sparing mastectomy, 36–37
risk-reducing mastectomy, 36, 37

BRCA1/2 genetic mutation, surveillance of patients with, 38
Breast Analyzing Tool (BAT), 796
Breast anatomy

aesthetic-functional breast anatomy, 13
surface anatomy, 13–15
surgical anatomy

blood supply and overlying skin, 16
breast innervation, 19–20
chest wall muscles, 20–22
fascia, 14
horizontal septum, 16
inframammary fold, 21–23
internal mammary artery, 17–18
lateral mammary artery, 17
ligaments of cooper, 16
raising flaps, 14–15
venous drainage, 18–19

Breast augmentation
partial breast reconstruction, 736–737
total breast reconstruction

adjuvant radiation therapy, 738–739
definitive implant reconstruction, 738
flowchart, 741
latissimus dorsi flap, 738
nipple-sparing mastectomy, 738
periareolar approach, 739–740
risk factors, 740, 741
single/two stage implant, 738
skin-sparing mastectomy, 738
surgical outcome, 740
with and without radiation therapy, 739

Breast cancer conservative treatment (BCCT), 414
Breast Cancer Conservative Treatment. cosmetic results  

(BCCT.core), 796

Breast cancer pathology
axillary lymph node dissection, 116
breast-conserving surgery, 95–96
diagnostic procedures

excisional biopsy, 91
fine-needle aspiration biopsy, 87
intraoperative frozen section, 91
needle core biopsy (CBX), 87–91

lumpectomy or partial mastectomy, 91–94
mastectomy, 94–95
pre-analytic standardization, 96–97
prognostic and predictive factors

androgen receptor (AR), 120
estrogen receptor (ER), 116–118
human epidermal growth factor receptor 2 (HER2), 116, 118–119
Ki67, 119–120
multigene assays, 120–121
progesterone receptor (PR), 116–118

sentinel lymph node biopsy, 113–116
staging, 116
tumor grade, 112–113
type

DCIS (see Ductal carcinoma in situ (DCIS))
invasive carcinoma (see Invasive carcinoma)

Breast cancer patient and reconstructive consultation
bilateral prophylactic mastectomy in high-risk women, 157
evaluation of candidates, 147
guiding principles, 143–144
implants and expanders, 148–149
latissimus dorsi (LD) flaps, 150–151
lipofilling/lipomodelling, 152
nipple-sparing mastectomies, 153, 154
opposite breast, 153–155
patient consultation, 144–145
patient preferences, 158
patient’s fitness for reconstructive surgery

diabetes mellitus, 146
obesity and diabetes, 146
smoking, 145–146
smoking cessation, 146

post-mastectomy radiotherapy, 146–147
revisional surgery consultation

De-Ep flap, 155
left breast mastectomy, 155
partial breast reconstruction, 156

skin-sparing mastectomy (SSM), 152–153
superior and inferior gluteal artery perforator flaps (SGAP and 

IGAP flaps), 152
timing of breast reconstruction, 157–158
tissue matrices, 148–149
TRAM and DIEP, 150–152
transverse upper gracilis flap (TUG flap), 152
whole breast reconstruction, 147–148

Breast cancer-specific survival (BCSS), 34
Breast conservation limitations, 285
Breast conserving surgery (BCS), 95–96, 174, 311

adjuvant breast radiation, 196–197
alternative oncoplastic techniques for

breast augmentation, 374
defects, late corrections of, 398–401
oncoplastic techniques, 373–374
randomized trials, 373
surgical approach, 374
volume displacement techniques (see Volume displacement 

techniques)
volume replacement techniques (see Volume replacement 

techniques)
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Breast conserving surgery (Cont.)
delayed reconstruction after

complications, 449, 450
conservative treatment, 433
fasciocutaneous flaps, 442
fat grafting, 441–442, 445, 446
latissimus dorsi myocutaneous flap, 442, 445, 447–448
locoregional oncological control, 433–434
mastopexy/eduction mastoplasty, 441
opposite breast, reduction/pexia of, 441
partial mastectomy defect, reconstruction techniques, 437
partial mastectomy defect, timing of reconstruction, 436–440
prosthesis, 449, 450
reconstruction with breast conservative treatment, 434
sequelae, etiology and classification of, 434–436
transverse rectus abdominis myocutaneous flap, 449

pedicled flaps in, 403–404
complications, 416
cosmetic outcomes, 413–416
incisions and raising, 407
indications, patient and flap selection, 406
LD miniflaps, 408–409
oncological outcomes, 413
oncoplastic breast-conserving techniques, 403
perforator flaps (see Perforator flaps)
planning and patient positioning, 406–407
volume replacement, 416–417

Breast-conserving therapy (BCT), 72, 76, 275, 327, 359, 710
candidacy for, 73–74
selecting candidates for, 195–196

Breast hypertrophy, 476
Breast imaging

BI-RADS®, 45–46
diagnostic methods of breast cancer

breast cancer screening, 43–45
symptomatic patients, evaluation of, 45

magnetic resonance (see Magnetic resonance (MR))
mammography (see Mammography (MG))

Breast Imaging Reporting and Data System (BI-RADS®), 45–47, 51, 55
Breast implants, 455

antibiotic prophylaxis, 591–592
evolution of, 456
exposure and extrusion

augmentation, 595
expander decubitus, 598–599
high-grade capsular contraction, 597–598
reconstruction, 595–597

incidence rates, 590
pocket irrigation, 592–593
risk factors, 590–591
silicone, controversy, 460
types of, 456

double chambered implants, 457
polyurethane-coated implants, 458
saline implants, 456
silicone gel implants, 456–457
titanium microstructure implants, 458–460

Breast irradiation, 476
Breast island flap, 385
Breast reconstruction, 463

complications, 466
contraindications, 464
expander selection, 464
gradual expansion with tissue expanders, 463
patient selection, 463, 464
planning and technique, 464–471

Breast training competencies
elements, 814

ethics, 817–818
patient-centered oncoplastic surgery approach, 814
research, 818
skill development, 815–817

Brown adipose tissue (BAT), 758
Burow’s triangles, 377–379

C
Capecitabine, 188
Capsular contracture (CC), 527, 591, 661–662

diagnosis, 601
fibrous periprosthetic shell, 601
physiopathology, 602
prevention

ADM-assisted breast reconstructions, 603
drainage, 603
fat grafting, 603
filling material, 602
irrigation, 603
pharmaceutical, 603
placement, 602–603
prophylactic antibiotics, 603
surgical incision, 603
texturing, 603

treatment, 604–605
Capsulectomies, 482–483
Capsulotomies, 483
Carboplatin, 176, 177, 188–189
Carlson classification, 257–258
Cavity shave approach, 236–237
CC, see Capsular contracture
CDH1  gene mutations, 104
Cell-assisted lipotransfer (CAL), 759
Cellulitis post reconstruction, 790–791
Center for Epidemiologic Studies Depression Scale (CES-D), 800
Central lumpectomy, 329, 330
Central quadrant techniques

oncoplastic surgery
batwing mastopexy lumpectomy, 329, 331–332
central lumpectomy, 329
donut mastopexy lumpectomy, 332, 333
reduction mastopexy lumpectomy modifications, 332–335

planning for, 277, 279, 280
Chemotherapy, 434
Chest wall muscles, 20–22
Clustered microcysts, 53, 54
Coleman’s technique, 656
Combined mammaplasty techniques, 422–425
Comedo ductal carcinoma in situ, 97
Comedo necrosis, 99
Complicated cysts, 53, 54
Contralateral augmentation mammoplasty, 468, 469, 471
Contralateral breast, 199, 319, 349, 350, 368, 396, 399, 400, 475, 479, 

581–583, 666, 762
examination, 75
superior pedicle techniques, 362

Contralateral breast cancer (CBC), 34, 154, 183
Contralateral mammaplasty, 481–482
Contralateral mastopexy, 468
Contralateral prophylactic mastectomy (CPM), 35–36, 809
Contralateral symmetrical procedure, 663
Contrast-enhanced spectral mammography (CESM), 72
Cooper’s ligaments, 307, 311, 534
Cording, 791–792
Core needle biopsy (CNB), 173
Cribriform carcinoma, 104
Cuadrantectomy, 435
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Cutaneous suspension technique, 479–481
Cyclophosphamide, 131, 174, 175, 186, 187, 252
Cyclophosphamide-methotrexate-fluorouracil (CMF), 188, 216
Cyst, 58
Cytori Therapeutics’ Celution System, 656

D
DCIS, see Ductal carcinoma in situ
De-Ep flap and nipple reconstruction, 151
Deep inferior epigastric perforator (DIEP) flaps, 78, 146, 150–152, 

158, 163, 223, 573, 575, 625, 633
intraoperative assessment, 598

Deep inspiration breath-hold (DIBH) technique, 199, 200
De-epithelialised lower mastectomy flaps, 149
De-epithelialized dermal flap, implant reconstruction, 259
Defects after breast-conserving surgery, 659
Defects after mastectomy, 659–662
Definitive expander, 537
Definitive form-stable implants, one-stage breast reconstruction with

aesthetics, 485–486
complications, 484–485
contraindications, 475
contralateral mammaplasty, 481–482
multidisciplinary preoperative evaluation, 473–474
patient selection, 473–476
preoperative evaluation, 476
secondary revisions, 482–484
technique, 476–481

Definitive implant device, insertion of, 522–523
Delayed breast reconstruction, 26, 29, 366, 367

after breast-conserving surgery
complications, 449, 450
conservative treatment, 433
fasciocutaneous flaps, 442
fat grafting, 441–442, 445, 446
latissimus dorsi myocutaneous flap, 442, 445, 447–448
locoregional oncological control, 433–434
mastopexy/eduction mastoplasty, 441
opposite breast, reduction/pexia of, 441
partial mastectomy defect, reconstruction techniques, 437
partial mastectomy defect, timing of reconstruction, 436–440
prosthesis, 449, 450
reconstruction with breast conservative treatment, 434
sequelae, etiology and classification of, 434–436
transverse rectus abdominis myocutaneous flap, 449

association with fasciocutaneous thoracodorsal flap, 585
complications, 585–586
fasciocutaneous flaps, 442
vs. immediate breast reconstruction, 206
indications and patient selection

definitive implants or temporary expanders, 580–581
implant-based/autologous techniques, 579–580
timing of reconstruction, 579

latissimus dorsi myocutaneous flap, 442, 445, 447–448
postoperative care, 585
preoperative evaluation, 581–582
preoperative procedure, 582–584
surgical technique

scar excision, 584
before skin incision, 583–584
using upper abdominal skin flap, 585
without upper abdominal skin flap, 585

Denosumab, 184, 185
Dermal barrier flap, 535

skin-reducing mastectomy, 536

Dermoepidermal full-thickness grafts, 666
Dermoglandular flaps

central quadrant planning for, 279
volume displacement techniques, 376–377

breast rotation, 377
Burow’s triangles, 377–379
double independent pedicle mammaplasty, 383–385
geometric compensation, 385, 388, 389
plug flap, 385–387
shutter technique, 377, 379
superomedial (and superolateral) pedicle mammaplasty, 382–383

Dermoglandular rotation flap, 320
Diabetes mellitus, 146
DIEP flaps, see Deep inferior epigastric perforator flaps
Disabilities of the Arm, Shoulder and Hand (DASH score), 416
DNA methylation patterns, 132
Docetaxel, 186–189
Dome cutaneous defect, 344
Dome mastopexy

areola, upper edge of, 339
breast tumor, 340
design, 339, 340
extensions, 341, 342

neoadjuvant chemotherapy with calcifications, 346
palpable left subareolar thickening, 341–346

incision, 339
nipple line, 339, 340
skin incision, 339
superior edge, 340–341

Donor-site complications
abdominal flaps

functional complications, 625–627
wound healing complications, 626–629

latissimus dorsi flap
functional complications, 627–628
wound healing complications, 628–630

Donor site repair, 558
Donut mastopexy lumpectomy, 332, 333
Dorsal hematoma, 550
Dorsal pain, 550
Double chambered implants, 457
Double independent pedicle mammaplasty, 383–385
Doxorubicin, 174, 186, 252
Drain care, 790
Dual plane technique, 482
Ductal anatomy, 327
Ductal carcinoma in situ (DCIS), 73, 74, 81, 94, 95, 111, 224, 243, 310

ALH, 101
with apocrine morphology, 100
architectural patterns, 98
axillary surgery, 248–249
calcifications, 97, 99
classification of, 97
comedo necrosis, 99
cytomorphologic variants of, 97
E-cadherin, 101, 102
high-grade, 97
intermediate nuclear grade, 97
LCIS, 100–103
low-grade, 97
margin width and local recurrence, 241–243
necrosis, 97
nuclear grade, 99
Paget’s disease, 97, 101
solid-papillary DCIS, 97
with spindle cell morphology, 97, 100
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E
E-cadherin, 101, 102
Edema, 58
Eduction mastoplasty, 441
Elderly, breast reconstruction in

after left modified radical mastectomy and no reconstruction, 707, 709
characteristic, 707
complications, 710
definition, 707
oncologic safety, 710
psychological benefit, 707, 708
quality of life, 707, 708
reconstruction types

breast conservative treatment, 710
mastectomy, 710–711

right breast
breast conservation for carcinoma in situ, 707, 708
multifocal tumor of right breast, 707, 708
preoperative and postoperative results, 707, 709

Electrocautery, 310
Embryonic stem cells (ESCs), 757
Emotional issues, 3–4

pros and cons, 5
Encapsulated papillary carcinoma (EPC), 106, 108, 109
Endocrine therapy

aromatase inhibitors (AIs), 180–181
tamoxifen, 179–180

EndoPredict test, 135
EPC, see Encapsulated papillary carcinoma
Epigastric skin flap, 556
Epirubicin, 186
Estrogen receptor (ER), 116–118
European Organization for Research and Treatment of Cancer Breast 

Cancer-Specific Quality of Life Questionnaire (EORTC 
QLQ-BR23), 798, 799

Evaluating Measures of Patient-Reported Outcomes (EMPRO) tool, 799
Evolution of art, 7–9
Evolution of science, 5–7
Excisional biopsy, 91
Expander reconstruction, 493, 494
Extensive intraductal component (EIC), 73, 75, 94
Extranodal or extracapsular extension (ECE), 115

F
Fasciocutaneous abdominal flaps, 423, 425
Fasciocutaneous flaps, 442
Fasciocutaneous superior abdominal flap, 425, 428
Fasciocutaneous thoracodorsal flap, 585
Fat grafting, 441–442, 445, 446, 528

immediate complications, 663
indications

capsular contracture, 661–662
contralateral symmetrical procedure, 663
defects after breast-conserving surgery, 659
defects after mastectomy, 659–662
irradiated local tissue damage, 662
nonspecific pain therapy, 662
rippling correction, 661

late complications, 663
lipoaspirated specimen, 655
oncological concern, 655–656
surgical technique

donor site, 655, 656
fat processing techniques, 656–658
recipient site, 658–659

Fat harvesting, 656

Fat infiltration, 546
Fat injection, see Lipofilling
Fat processing techniques

enzymatical and biological preparation, 657
mechanical preparation, 657, 658
no-touch technique, 656–657

Fat transfer
lipomodelling, 546
safety

biological considerations, 779
oncologic safety, 779–780 
see also Lipofilling

Fat transplantation, see Lipofilling
Fibroglandular tissue, 329, 332
Fibrosis, 147
Fine-needle aspiration (FNA) biopsy, 87, 173
Finland Herceptin (FinHer) trial, 189
Flap remodeling, 558–559
Flat epithelial atypia (FEA)/columnar cell, 90
Florid lobular carcinoma in situ, 103
Fluorouracil, 186
Fluorouracil, doxorubicin, and cyclophosphamide (FAC), 188
5-fluorouracil, epirubicin, and cyclophosphamide (FEC), 187, 188
Forced adduction maneuver, 544
Foreign bodies, 53, 54
Fragmented surgical approach, 9, 10
Free flap breast reconstruction

abdominal wall
DIEP flap, 575
donor site, 574
SIEA flap, 575–576
TRAM flap, 575

advantages, 573
autologous, 573
care delivery requirements, 577–578
contraindications, 574
disadvantages, 573
gluteal flap

donor site, 574
IGAP flap, 576
SGAP flap, 576

indications, 573
long-term recovery, 578
recipient vessels

axilla, 575
cephalic vein, 577
chest, 574–575
internal mammary artery and vein, 577
lateral thoracic vein, 577
thoracoacromial vein, 577
thoracodorsal artery and vein, 577

thigh flaps
donor site, 574
gracilis myocutaneous flaps, 576
profunda artery perforator flap, 576–577

types, 574
Free flap reconstructions, 29
Full-field laser Doppler imaging (FFLDI), 517, 527
Functional Assessment of Cancer Therapy-Breast (FACT-B), 

798–800
Functional complications

abdominal flaps
abdominal wall repair, 625, 626
DIEP flap, 625, 626
laparoscopic hernia repair, 625, 627
monopedicle TRAM flap, 625, 626
pTRAM flap, 625
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latissimus dorsi flap, 627–628
Fungating lesions, 3, 4

G
Gene expression profiling, 108, 111
Geometric compensation, 385, 388, 389
Glandular density, 286
Glandular displacement

anatomy
nipple, blood supply of, 308
planes, 307–308
surface markings, 308

factors
breast size, 308–309
margins, 310
ptosis, 309
tumor characteristics, 309
tumor localization, 309–310

muscle, elevation of breast off, 312
oncoplastic techniques, 307
preparation for, 312
purse-string repair, 314–315
radial closure, 313–314
skin flap, raising, 311
skin incisions

breast incision planning principles, 310
curvilinear, 311
inframammary, 311
periareolar incision, 310–311
radial, 311

subcutaneous tissue, mobilization of, 315–317
Swiss experience

dermoglandular rotation flap, 320
excision, questions after, 319–320
incision, questions before, 319
intramammarian flap reconstruction, 320
lateral advancement, 322–324
round block technique, 320–322

transverse closure, 312–313
triangular, 314
tumor resection and shave cavity margins, clipping of cavity, 

311–312
Glandular flaps, 289–290, 375–377

planning for, 277, 278
Glandular rotation, 375
Gluteal-based free flaps, 573
Gracilis myocutaneous flaps, 576
Grisotti flap, 280, 334

H
Halsted radical mastectomy, 3, 4
Halsted’s mastectomy, 25, 580
Health-care systems, structure of, 27
Hematomas, 484
HER2, see Human epidermal growth factor receptor 2
Herceptin Adjuvant (HERA) trial, 189
Hereditary breast cancer

associated risks, 33–34
BRCA carriers (see BRCA carriers)
BRCA1 gene, 33, 34
BRCA2 gene, 33, 34
BRCA1/2 genetic mutation, surveillance of patients with, 38

Hernias, 567
Hidden primary tumor, 60, 62
Historical perspective, 6

Holmstrom’s flap, 425
Homologous recombination deficiency (HRD), 177
Hormone reposition therapy (HRT), 55
Human adipose-derived stem cell, 757–758

application
advantages, 761
congenital breast and chest wall deformity correction, 762
contralateral breast symmetric procedure, 762
fat harvesting, 761, 762
irradiated tissue improvement, 763
oncoplastic breast surgery, 761, 762
postmastectomy pain syndrome, 763
scar correction, 763
specimen, 761, 762

cell isolation, 758–759
multilineage differentiation, 759, 761
phenotypic characterization, 759–761

Human epidermal growth factor receptor 2 (HER2), 116, 118–119, 
130, 175–176

Hypofractionation, 196

I
IDC, see Invasive ductal carcinoma
ILC, see Invasive lobular carcinoma
IMA, see Internal mammary artery
IMF, see Inframammary fold
Immediate autologous latissimus dorsi reconstruction, 548
Immediate breast reconstruction, 26, 28–29, 477

bystander effect, 727
flaps, 729, 730
implants, 727–729
PABC (see Pregnancy-associated breast cancer)
radiation effects, 729–732

Immediate breast reconstruction (IBR), 223
Immediate implant-/ADM-based breast reconstruction

ADM-based lower pole support
acute and chronic pain, 528
ADM insertion, 520, 522
autologous LPS, 523–526
capsular contracture, 527
complications, 523, 526–528
definitive implant device, insertion of, 522–523
fat grafting, 528
IMF, 522
LMF, 522
radiotherapy, 527–528
skin envelope necrosis, 526–527

classification, skin-sparing mastectomy, 506–510
implant selection

definitive implant vs. tissue expander, 517, 520
dimension assessment, 520

individualised selection, analysis and planning, 501
lower pole support, case for, 502–503
LPS/ADM, 503, 504
perfect skin envelope, creation of, 501–502
skin-sparing mastectomy, 505
stable pocket, creation of, 502

Immediate nipple reconstruction, 548
Immediate partial breast reconstruction techniques

class II techniques
inferior pedicle techniques, 281, 283
periareolar techniques, 279–281
superior pedicle techniques, 280, 282

class I techniques
central quadrant techniques, 277, 279, 280
glandular flaps, planning for, 277, 278
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Immediate reconstruction, 26–29, 225–227, 366, 545–546
Implant

extrusion, 485
malposition, 502
monopedicled TRAM flap and, 559–561
oncoplastic surgery, nonconventional techniques in with, 421
replacement, 483–484

Implant based breast reconstruction (IBBR), 610
acellular dermal matrices, 497
acute intraoperative issues, 490
autologous techniques, 489
biologic materials, 490
expander reconstruction, 493, 494
permanent implant, 490
pre-pectoral direct-to-implant reconstruction, 493–496
pre-pectoral reconstruction, 497
reconstructed nipple, augmentation of (see Augmentation of 

reconstructed nipple)
significant issue, 490
subpectoral implant reconstruction, 491–493
two-stage expander-implant reconstruction, 489

Implant rupture
aesthetic outcomes, 610
clinical diagnosis, 611
cohesive silicone gel, 610
iatrogenic damage, 609
incidence, 610
long-term clinical consequences, 609
low-molecular-weight siloxanes, 610
magnetic resonance imaging, 611, 612
mammography, 611
mechanisms, 609
silicone bilaterally infiltrating breast tissue, 609, 610
treatment, 612
ultrasound, 611

IMV, see Internal mammary vein
Induced pluripotent stem cells (iPSCs), 757
Inferior circular capsulotomy, 483
Inferior gluteal artery perforator (IGAP) flap, 576
Inferior pedicle, 374, 557
Inferior pedicle mammoplasty, 296, 297
Inferior pedicle techniques

partial breast reconstruction
complications and outcomes, 369–370
contraindications, 365–366
indications, 365
inferior pedicle, 365
inferior technique, benefits of, 365
preoperative planning, 367
reconstruction, 368–369, 371
resection, 367–368
surveillance, 369
timing of, 366–367

planning for, 281, 283
Inflammatory breast cancer, 227, 257
Inframammary fold (IMF), 13–15, 21–23, 359, 360, 413, 502

autologous LPS, 523–526
immediate implant-/ADM-based breast reconstruction, 522
indications, 616
mammary asymmetry, 615
repositioning of, 483
surgical planning, 616
surgical techniques

allograft approach, 617
anchor approach, 617, 618
external approach, 616

internal approach, 616–617
lipofilling, 618, 621–623
muscle flap recontruction, 618–621

Inframammary sulcus (IMS), 534
Intensity-modulated radiotherapy (IMRT), 208, 210
Intercostobrachial nerve, 575
Internal mammary artery (IMA), 17–18, 574, 575, 577
Internal mammary vein (IMV), 574, 575, 577
Intracapsular rupture, 611, 612
Intramammarian flap reconstruction, 320
Intramammary lymph node, 54
Intraoperative frozen section, 91
Intraoperative radiation, 319
Intraoperative radiotherapy, 422
Intraoperative sonography, 319
Intrinsic subtypes, 129–131
Invasive cancer

consensus guidelines, 241
factors influencing local control in, 239–240
margin width and local recurrence, 237–238

Invasive carcinoma, 354–355
acinic cell carcinoma, 109
adenoid cystic carcinoma, 108
apocrine differentiation, carcinoma with, 107
CDH1  mutations, 104
cribriform carcinoma, 104
EPC, 106, 108, 109
grading of, 112
IDC, 103
ILC, 103, 104
invasive micropapillary carcinoma, 105
invasive papillary carcinoma, 106
low-grade adenosquamous carcinoma, 110
low-grade fibromatosis-like metaplastic spindle cell carcinoma, 

111
metaplastic carcinoma, 106
mucinous carcinoma, 105
neuroendocrine features, 108
secretory carcinoma, 108
signet ring cells, carcinoma with, 107
size, 110–112
tubular carcinoma, 104

Invasive ductal carcinoma (IDC), 103, 113, 197
Invasive lobular carcinoma (ILC), 73–75, 81, 103, 197
Invasive micropapillary carcinoma, 105
Invasive papillary carcinoma, 106
Inverted “T” mastectomies, 531
Inverted T technique, 348
Ipsilateral breast, 73–75
Ipsilateral breast recurrence (IBR), 34
Irradiated local tissue damage, 662

J
J-mammoplasty, 300, 301

K
Ki67, 119–120

L
Langer’s lines, 165
Lateral chest wall flaps, 404
Lateral chest wall perforator flaps, 404–406
Lateral cutaneous branch, 405
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Lateral fold (LMF), 522
Lateral intercostal artery perforator (LICAP), 403, 404, 410–413
Lateral mammary artery, 16, 17
Lateral mammary fold (LMF), 502
Lateral muscular cutaneous fixation, 478
Lateral thoracic artery (LTA), 17, 405
Lateral thoracic artery perforator (LTAP), 403, 404, 410–413
Lateral thoracodorsal (LTD) flap, 404
Latissimus dorsi (LD) flap, 144, 148, 208, 209, 276

functional complications, 627–628
inframammary fold reconstruction, 619–621
musculocutaneous flaps, 426–427
wound healing complications, 628–630

Latissimus dorsi miniflaps (LDm), 408–409
division of, 408, 409
harvesting, 408
postoperative appearance, 409
resection defect, reconstruction of, 409
volume replacement, 415

Latissimus dorsi muscle, 20, 404
autologous latissimus dorsi flap, 541–542
fatty extensions, 542

Latissimus dorsi musculo-adipose flap, 430
Latissimus dorsi musculocutaneous flap, 729
Latissimus dorsi myocutaneous flap

delayed reconstruction, 442, 445, 447–448
necrosis, 547

Lazy-S oblique lateral incision, 524
LCIS, see Lobular carcinoma in situ
Left breast mastectomy, 155
Lejour’s technique, 360
Lejour/vertical mammoplasty, 302
Letrozole, 183
Letrozole monotherapy, 181
LICAP, see Lateral intercostal artery perforator
Li-Fraumeni syndrome, 33
Ligaments of cooper, 16
Lipofilling, 152, 227–228, 441–442, 445–446, 528, 618, 621–623, 

655, 656, 763
Lipomodelling, 152, 156, 546
Liposuction, 442
Lipotransfer, see Lipofilling
Liquid silicone, 455
Lobular carcinoma in situ (LCIS), 80, 90, 100–103
Local recurrence, 370
Long thoracic nerve, 575
Lower pole sling (LPS), 502–504
Low-grade adenosquamous carcinoma, 110
Low-grade fibromatosis-like metaplastic spindle cell carcinoma, 111
LTAP, see Lateral thoracic artery perforator
Luminal androgen receptor (LAR), 120, 130
Luminal A tumors, 130
Lumpectomy, 91–94, 378
Luteinizing hormone-releasing hormone (LHRH) analogues, 183
Lymphadenomegaly, 58
Lymphatic drainage, 18
Lymphedema, 791

M
Macromasty, 319
Macrometastatic disease, 250
Magnetic resonance (MR)

abnormal findings
associated findings, 57–58
focus, 56

masses, 56–57
non-mass-like enhancement, 57, 58

clinical applications for breast cancer
hidden primary tumor breast with positive axillary lymph node, 

60, 62
high-risk patients, 60, 61
inconclusive findings, conventional imaging exams, 66
local recurrence, postoperative evaluation, 64–66
mammary prosthesis, evaluation of, 66–67
neoadjuvant chemotherapy, 63–64
papillary lesion with pathological discharge, 64–65
preoperative staging, 60, 62–63

kinetic curve, 58–60
normal findings, 55–56

Magnetic resonance angiography (MRA), 78
Magnetic resonance imaging (MRI), 43–45, 174

image acquisition, 71–72
limitations of, 80–81
neoadjuvant chemotherapy (see Neoadjuvant chemotherapy 

(NAC))
oncologic preoperative planning

axillary staging, 77–78
BCT, 72–74
contralateral breast, 75
DCIS, 74
EIC, 75
ILC, 74–75
indications, 73
occult primary breast cancer, 77
positive surgical margins, prevention of, 74
postoperative residual/recurrent disease, assessment of, 75–76
residual and recurrent disease in reconstructed breast, 76–77

reconstructive presurgical planning
perforators, identification of, 78
predicting breast volume and outcome, 78–79

Male breast cancer, 249
MammaPrint, 134, 186
Mammary asymmetry, 615
Mammogram, 345
Mammography (MG), 43–45, 460

abnormal mammographic findings
architectural distortion, 49, 51
asymmetries, 49
calcifications, 47–50
masses, 46–48
solitary dilated duct, 49

abnormal ultrasound findings
axillary lymph node, 54
calcifications, 53
clustered microcysts, 53, 54
complicated cysts, 53, 54
foreign bodies, 53, 54
intramammary lymph node, 54
masses, 51–54
skin masses, 53
vascularity and elasticity, 54–55

normal mammographic findings, 46, 47
Mammoplasty pattern, 359
Mammoplasty techniques, 347
MapQuant Dx, 134
MarginProbe™, 237
Mastectomy, 94–95, 336, 700, 710–711
Mastectomy skin flap necrosis, 145
Mastopexy, 441, 482
Mastotrainer, 823–824
Medial-lateral posterior pedicle, 482
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Medical documentation, photographic principles of
marking carpet, pre and post-surgery positions, 139
technical aspects

lighting, 140
positioning, 139–141
storing of images, 140

three-dimensional surface image, 140, 142
Medicolegal aspects

communication, 833
documentation, 833
event management, 833, 836
informed consent, 833–835
patient selection and expectations, 832
potential complications, 833, 836

Memorial Sloan Kettering Cancer Center (MSK), 72
Menopause Rating Scale (MRS), 798
Menopause Specific Quality of Life Questionnaire (MENQOL), 798
Mesenchymal stem cells (MSCs), 757
Metaplastic carcinoma, 106
MG, see Mammography
Microarray comparative genomic hybridization (aCGH), 108
Microglandular adenosis (MGA), 90
Microinvasive carcinoma, 111
Micrometastatic disease, 249–250
MicroRNAs (miRNAs), 131–132
Microsurgical free tissue transfer, 790
Miniflap, 286
Modified inverted T mammoplasty, 302
Modified oncoplastic mammaplasties, 377

double independent pedicle mammaplasty, 383–385
geometric compensation, 385, 388
plug flap, 385
superomedial (and superolateral) pedicle mammaplasty, 382–383

Modified radical mastectomy (MRM), 76
Modified Scarff-Bloom-Richardson system, 112
Molecular apocrine, 120
Molecular classification

DNA methylation patterns, 132
intrinsic subtypes, 129–131
microRNAs (miRNAs), 131–132
multiomics integrated signature-based breast cancer subtypes, 

132–133
Molecular trapping, 775
Monopedicled TRAM flap, 553

anatomy, 553–554
complications, 559, 561
donor site repair and closing, 558
flap remodeling, 558–559
history, 553
and implant, 559–561
and pregnancy, 561, 562
secondary TRAM flap reshaping, 561, 562
surgical technique, 554–558

MRI, see Magnetic resonance imaging
Mucinous carcinoma, 105, 108
Multicentric cancers, 249
Multicolored inking, 335
Multidisciplinary approach, 6–7
Multiomics integrated signature-based breast cancer subtypes, 132–133
Muscle flap recontruction, 618–621
Muscle-sparing technique, 567
Musculocutaneous flaps, 425

latissimus dorsi, 426–427
rectus abdominis flap, 427

Musculocutaneous latissimus dorsi flap, 541
Myofascial flaps, 409

N
Necrosis, 97, 267, 268

cases, 638
minimal skin necrosis, 636
moderate flap loss, 634–636
total flap loss, 634

Needle core biopsy (CBX), 87–91
breast stereotactic biopsy specimen radiograph, 87, 88
calcium phosphate-rich calcifications, 88, 89
FEA, 90
invasive carcinoma, 90
LCIS, 90
MGA, 90
tissue blocks, 88

Neoadjuvant chemotherapy (NAC), 63–64, 115–116, 174, 257, 346
axillary surgery, 251–252
breast-conserving surgery, 95–96, 240–241
pathologic complete response (pCR), 79
postmastectomy radiation, 218–219
predictors of pathologic response, 79–80
residual disease, assessment of, 80
response assessment, 79

Neoadjuvant endocrine therapy, 174–175
Neoadjuvant treatment

HER2-positive breast cancer, 175–176
measurement of response, 174
neoadjuvant chemotherapy, 174
neoadjuvant endocrine therapy, 174–175
pathologic complete response (pCR), 174
pretreatment evaluation, 173
triple-negative breast cancer (TNBC), 176–177

Neoderma model, see Mastotrainer
Neural buffered formalin (NBF), 97
Nipple-areola complex (NAC), 13–15, 18–20, 36, 37, 223, 265–267, 

286, 288, 289, 314, 327, 329, 347, 349, 441
advantages and limitations, 665
alloplastic material or filler injection, 665
areola reconstruction

skin grafts, 666, 667
tattooing, 666, 668

free graft, 537
nipple reconstruction

grafts, 666, 668, 669
H-flap, 670–671
local flaps, 669–670
modified “arrow flap” with immediate  

tattooing, 671–673
modified star flap, 671, 672
quadrapod flap, 670

reconstruction, 723–724
repositioning, 290, 375
treatment planning, 665
undermining, 288
upright position, 665

Nipple areolar skin-sparing mastectomy (NASSM), 76
Nipple reconstruction, 158

grafts, 666, 668, 669
H-flap, 670–671
local flaps, 669–670
modified “arrow flap” with immediate tattooing, 671–673
modified star flap, 671, 672
quadrapod flap, 670

Nipple-sparing mastectomy (NSM), 21, 36–37, 91, 153, 154, 
223–225, 506, 508–517, 648, 738

complications, 267–269
cosmetic outcome, 269–270
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indications and selection criteria, 265–266
oncologic safety, 270–271
specimen, 95
surgical technique, 266–267

Nonconventional techniques, in oncoplastic surgery (OS)
combined mammaplasty techniques, 422–425
fasciocutaneous abdominal flaps, 423, 425
fasciocutaneous superior abdominal flap, 425, 428
with implants, 421
intraoperative radiotherapy and bilateral breast augmentation with 

implants, 422
musculocutaneous flaps (see Musculocutaneous flaps)
partial breast reconstruction, trends and future of, 429, 430
reshaping with nipple and areola grafting, 423–424, 426–428

Non-irradiated breast reconstructions, 604
Nonspecific pain therapy, 662
“Nontraumatic” blunt cannula technique, 656
Normal wound repair process, 773
NSM, see Nipple-sparing mastectomy

O
Obesity, 146
Occult primary breast cancer, 77
Oncologic principles for breast reconstruction

adjuvant therapies
radiation treatment, 225–227
systemic therapy, 227

mastectomy options
NSM, 224–225
skin-sparing mastectomy, 223–224

reconstruction options
immediate vs. delayed reconstruction, 225
prosthetic vs. autologous reconstruction, 225

special issues
inflammatory breast carcinoma, 227
lipofilling, 227–228
partial breast reconstruction, 228

Oncologic safety
delay in adjuvant treatment, 784
fat transfer, 779–780
margins, 784–785
oncologic outcomes, 783–784
radiation therapy, 785

Oncoplastic lumpectomy, 335
Oncoplastic surgeon, 814
Oncoplastic surgery (OPS), 285, 359

advantages of, 302
breast-conserving therapy, 327
central quadrant techniques

batwing mastopexy lumpectomy, 329, 331–332
central lumpectomy, 329
donut mastopexy lumpectomy, 332, 333
reduction mastopexy lumpectomy modifications, 332–335

complications, 335
complications of, 303
current surgical practice, 303–304
curriculum, 10
ductal anatomy, 327
fragmented approach, 9, 10
growth of, 303
guidelines, 11
history, 9–10
indication for, 302–303
integrated holistic approach, 9–10
international community, 10
level II

lower inner quadrant, 293–295
lower outer quadrant, 300–301
lower-pole location, 291–293
quadrant-per-quadrant Atlas, 291
retroareolar location, 301–302
upper inner quadrant, 294, 296
upper outer quadrant, 298–300
upper pole, 295–298

level I, step-by-step approach for
glandular flaps, 289–290
glandular resection, 288–289
NAC repositioning, 290
NAC undermining, 288
nipple recentralization, 288
skin undermining, 288
surgical concept, 287

long-term outcomes, 336
margin status, 303
mastectomy, 336
multicolored inking, 335
net asymmetry, 9
nonconventional techniques in

combined mammaplasty techniques, 422–425
fasciocutaneous abdominal flap, 423, 425, 428
with implants, 421
intraoperative radiotherapy and bilateral breast augmentation 

with implants, 422
musculocutaneous flaps (see Musculocutaneous flaps)
partial breast reconstruction, trends and future of, 429, 430
reshaping with nipple and areola grafting, 423–424,  

426–428
oncoplastic lumpectomy, 335
oncoplastic surgical techniques, 328
oncoplastic validation, 303
perioperative planning, 328–329
postoperative management, 335
preoperative planning, 328

breast quadrants, 276
decision planning flowchart, 277
immediate partial breast reconstruction techniques (see 

Immediate partial breast reconstruction techniques)
individualized risk factors, 276
patient selection, 275–276

procedures, 11
resection margins, 335
selection criteria

bi-level classification, 286
elements, 285
excision volume, 285–286
glandular density, 286
oncoplastic classification system, 286
patient counselling, 286–287
tumour location, 286

standard preoperative workup, 336
survival rates, 303

Oncotype Dx, 120, 121, 134
Oncotype Dx®, 185, 186
One-stage breast reconstruction

aesthetics, 485–486
complications, 484–485
contraindications, 475
contralateral mammaplasty, 481–482
multidisciplinary preoperative evaluation, 473–474
patient selection, 473–476
preoperative evaluation, 476
secondary revisions, 482–484
technique, 476–481
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Ovarian ablation, 183
Ovarian suppression, 183–184

P
Paclitaxel chemotherapy, 186, 187
Paget’s disease, 97, 101
Palbociclib, 183–184
PAM50 multigene gene expression-based assay, 134
Partial breast reconstruction, 156, 228

after breast augmentation, 736–737
after reduction mammoplasty

bilateral NAC necrosis, 743
fat necrosis, 742
flowchart, 744
oncoplastic mammoplasty, 743
risk factors, 742–744

complications and outcomes, 369–370
contraindications, 365–366
indications, 365
inferior pedicle, 365
inferior technique, benefits of, 365
surgical technique

preoperative planning, 367
reconstruction, 368–369, 371
resection, 367–368

surveillance, 369
timing of, 366–367

Partial mastectomies, reconstruction in, 165–166
Partial mastectomy defect, 91–94, 335

reconstruction techniques, 437
timing of reconstruction, 436–440

Pathologic complete response (pCR), 79, 95, 131, 173, 174, 218
Patient-centered oncoplastic surgery approach, 814
Patient-Reported Outcome Measures (PROM), 29
Pectoralis-AlloDerm pocket, 479–480
Pectoralis major muscle, 20
Pectoralis minor muscle, 20
Pectoralis muscle/thoracic wall invasion, 58, 332
Pedicled flaps, breast conserving surgery, 403–404

complications, 416
cosmetic outcomes, 413–416
incisions and raising, 407
indications, patient and flap selection, 406
LD miniflaps, 408–409
oncological outcomes, 413
oncoplastic breast-conserving techniques, 403
perforator flaps (see Perforator flaps)
planning and patient positioning, 406–407
volume replacement, 416–417

Pedicled TRAM flap, 145
Perforator flaps

lateral chest wall perforator flaps, 404–406
LICAP and LTAP flaps, 410–413
SEAP and TE flaps, 410, 413
TDAP flaps, 410

SEA flaps, 406
TDAP flaps, 404

Periareolar mammoplasties
areolotome, 353
gland remodeling, 352
invasive carcinoma, 354–355
numerous studies, 351
oncoplastic surgery, 351
patient selection, 348
purse-string suture, 352
Round Block periareolar technique, 347–348

skin marking, 349
surgical technique

breast incision, dissection and remodeling, 350–351
patient marking, 348–349

Periareolar techniques, 279–281
Periprosthetic capsular contraction, 485
Pertuzumab, 190
Platelet-derived growth factor (PDGF), 773
Pleomorphic ILC, 103, 104
Pleomorphic LCIS (PLCIS), 101, 103
Plug flap, 385–387
Poly Implant Prosthèse (PIP) implant, 610
Polymicrobial factors, 602
Polyurethane, 455
Polyurethane-coated implants, 458
Posterior axillary fold, 328
Postmastectomy breast reconstructions, complications of, 168
Postmastectomy pain syndrome (PMPS), 763
Postmastectomy radiation, 215

complications of, 219
evidence, 216
high-risk subgroup, identification of, 217–218
NAC, 218–219
nodal status on locoregional recurrence, 216
in patients with T1-2 tumors and 1-3 positive lymph nodes, 

216–217
for positive margins, 218

Postmastectomy radiotherapy (PMRT), 146–147, 205, 206, 226
breast reconstruction after RT

alloplastic reconstruction, 720–721
autologous reconstruction, 721–723
microvascular surgery, 722

breast reconstruction before RT
acute changes, 716, 717
alloplastic reconstruction, 714–715
autologous reconstruction, 717–719
late changes, 716, 717
Memorial Sloan Kettering protocol, 715
postoperative radiotherapy to tissue expander, 715, 716
tissue expander vs. permanent implant, 716–718

at cellular level, 713
delayed-immediate technique, 719
delayed vs. immediate breast reconstruction, 206
impact of reconstruction on delivery and quality, 209–211
indications, 713
mastectomy and anticipated radiotherapy, 713–715
nipple-areolar complex reconstruction, 723–724
pathophysiology, 714
reconstructed breast mound, 714
sequelae of, 714
therapeutic use, 713

Post-mastectomy reconstruction
benefits of, 30
breast cancer reconstruction service development, 25
disease factors, 27
education and training, 28
health-care systems, structure of, 27
immediate breast reconstruction, 26
implant reconstruction, 25
patient factors, 26, 27
reconstruction rates, 26, 27
region of treatment, 26, 27
type of procedure

delayed reconstruction, 29
immediate reconstruction, 28–29
interpretation, 29–30

Postoperative dorsal hematoma, 547
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Pregnancy-associated breast cancer (PABC)
chemotherapy, 700
clinical examination, 699
definition, 699
gestational age, 700
“healthy mother” effect, 699–700
immediate breast reconstruction decision algorithm, 700–702
management, 699
mastectomy, 700
“milk rejection” sign, 699
nipple discharge, 699
prevalence, 699
prognosis, 699
rationale

aesthetic modifications, 701, 703
first trimester, 702
lactation, 702–704
physiological changes, 701, 702
second and third trimesters, 702

surgery under anesthesia, 700
Preoperative and postoperative nursing considerations

cording, 791–792
drain care, 790
lymphedema, 791
microsurgical free tissue transfer, 790
monitoring tissue perfusion with autologous reconstruction, 

789–790
oncoplastic surgery, 787
pain/arm sensations, 789
physical activity, 791–792
reconstructive surgery, 787–788
seroma, 790
support system, 788–789
surgical site assessment and monitoring, 790–791
teaching with patient, 788

Pre-pectoral direct-to-implant reconstruction, 493–496
Pro-angiogenic cytokines, 774–775
Profunda artery perforator (PAP) flap, 576–577
Progenitor cells, 775–777
Progesterone receptor (PR), 116–118
Prognostic gene expression signatures, 133–135
Programmed cell death ligand 1 (PDL-1), 135
Programmed death receptor 1 (PD-L1), 129
Prophylactic mastectomy, 248, 808–809
Prosthetic vs. autologous reconstruction, 225
Psychological aspects

breast reconstruction, 806–808
immediate vs. delayed reconstruction, 808
plastic surgeon, 809–810
prophylactic mastectomy, 808–809
psychosocial and psychopathological outcomes, 806
regrets vs. satisfaction with prophylactic mastectomy, 809
‘tree of knowledge’ depiction, 805, 806

Ptosis, 309, 319
Pull-up techniques, 669
Purse-string repair, 314–315
Purse-string suture, 352

Q
Quadrantectomy defect, 423, 430
Quality of life

CES-D, 800
EORTC QLQ BR-23, 799
EORTC QLQ-C30, 799
EORTC trial 10,801, 799
FACT-B, 799, 800

RAND 36-Item Health Survey 1.0, 800
Rosenberg self-esteem scale, 800
SF-36, 798, 799
STAI, 800
WHOQOL-100, 799

R
Racquet mammoplasty, 298–300
Radial closure, 313–314
Radial margin approach, 233–235
Radiation dermatitis, 198
Radiation treatment, 225–227
Radiotherapy (RT), 335, 470, 537

ADM-based lower pole support, 527–528
aesthetic and satisfaction consideration, 211
capsular contracture data regarding reduction after, 497
delayed vs. immediate breast reconstruction, 206
physiopathology of, 205
PMRT, 205, 209–211
reconstruction in previously irradiated fields, 211
type of reconstruction

allogeneic reconstruction, 207–208
autologous reconstruction, 208–209
TRAM, 207

Raising flaps, 14–15
Ralstonia pickettii, 494
RAND 36-Item Health Survey version 1.0, 800
Rectus abdominis flap, 427
Rectus abdominis muscle, 20–22, 555
Rectus sheath, 557
Recurrence score (RS), 134
Recurrent disease, 76–77
Reduction mammoplasty, 320

partial breast reconstruction
bilateral NAC necrosis, 743
fat necrosis, 742
flowchart, 744
oncoplastic mammoplasty, 743
risk factors, 742–744

total breast reconstruction, 744–746
Reduction mastopexy lumpectomy modifications, 332–335
Reductive mammaplasty, 482
Residual Cancer Burden (RCB), 96
Residual disease, 75–77, 80
Residual invasive carcinoma post-neoadjuvant therapy, 111, 112
Response Evaluation Criteria In Solid Tumors (RECIST), 79
Retromammary bursa, 16
Revision surgery (RS)

after BR with autologous tissue
algorithm, 689
with left breast neoplasia, mastectomy, and radiotherapy, 

689–693
observed defects, 689, 690
with right breast neoplasia, mastectomy, radiotherapy, and 

delayed BR, 689–691, 694–695
techniques, 689, 690

after BR with expanders/prostheses
breast prosthetic reconstruction, 684, 685
correction of defect with replacement of prosthesis, 676, 684, 

686
immediate breast reconstruction with temporary expander, 681, 

682
with left breast neoplasia, 685–687
LF indication, 687–689
NAC reconstruction, 684, 685
observed defects, 679, 680
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Revision surgery (Cont.)
radiotherapy, 684, 685
right breast mastectomy, 684, 685
secondary breast reconstruction, 679–681, 687, 688
sequelae evaluation, 685, 687
single-stage reconstruction, 681, 683, 684
skin-reducing mastectomy, 679
symmetry correction, 681
techniques, 679, 680
two-stage reconstruction, 681, 683

algorithm, 678–679
consultation

De-Ep flap, 155
left breast mastectomy, 155
partial breast reconstruction, 156

correction of conservative surgery sequelae with/without 
oncoplastic surgery, 676

patient evaluation, 677–678
Rippling, 485, 486
Risk-reducing (prophylactic) mastectomy, 95
Risk-reducing mastectomy (RRM), 36, 37
Rotation glandular flap, 289
Rotation of implants, 485
Round block mammoplasty, 296–298
Round block periareolar technique

breast oncoplasty, 347
conservative surgery, 347
indications and absolute and relative contraindications, 348
oncoplastic surgery, 347
patient selection, 348
periareolar approach, 348
periareolar mammoplasties, 347–348
pre-and post-operatory of quadrantectomy  

and periareolar, 355–356
Round block technique, 320–322, 374

S
Saline implants, 456
Salmon injection plate, 16
Scars

after scar revision and brachytherapy  
treatment, 649, 650

autologous donor site, 648
bilateral keloid scars, 649, 650
breast conservative treatment, 647
improvement method

antitumor or immunosuppressive agent, 649
corticosteroid injection, 648–649
cryotherapy, 649
5-fluorouracil injection, 649
laser abrasion, 649
pressure compression, 649
radiation therapy, 649
silicone gel sheet, 649
surgical treatments, 648

NAC area, 648
total mastectomy, 647–648

Schultes, Johan, 3
Secondary TRAM flap reshaping, 561, 562
Secretory carcinoma, 108
Selective estrogen receptor modulator (SERM), 179
Sentinel lymph node biopsy, 113–116, 501

axillary lymph node with metastatic mammary  
carcinoma, 114

extranodal extension, 115
post-neoadjuvant systemic therapy, 115–116

Sentinel lymph node biopsy (SLNB), 77, 700
Sentinel lymph nodes (SLNs), 91
Sequential bilateral skin-reducing mastectomies, 518–520
Sequential therapy

BIG 1-98, 181
optimal duration, 182–183
ovarian suppression, 183–184
palbociclib, 183–184

Seromas, 484, 790
Serratus anterior artery perforator flap (SAAP), 405
Serratus anterior muscle, 20
Shaved margin approach, 234–236
Short Form Health Survey (SF-26), 798, 799
Shutter technique, 377, 379
SIEA, see Superficial inferior epigastric artery
Silicone, 460
Silicone gel implants, 456–457
Single-photon emission computed tomography  

(SPECT), 78
Skin blood perfusion, 537
Skin envelope necrosis, 526–527
Skin grafts

areola reconstruction, 666, 667
nipple reconstruction, 666, 668, 669

Skin incisions, glandular displacement techniques
breast incision planning principles, 310
curvilinear, 311
inframammary, 311
periareolar incision, 310–311
radial, 311

Skin masses, 53
Skin-reducing mastectomy (SRM), 503, 506, 679

breast cancer surgery, 531
classification, 531
complications, 535, 537–538
definition, 532
dermal barrier flap, 536
history, 531–532
indications, 534
oncoplastic surgery, 531
operative procedure, 534–536
preoperative planning, 534
psychological aspects, 538
T-inverted scar, 536
total subcutaneous mastectomy, 536
wise pattern, 536

Skin-sparing mastectomy (SSM), 21, 76, 152–153, 223–224,  
468, 505, 506, 531, 647, 738

classification of, 506–510, 533
complications, 259–260
cosmetic outcome, 260
for immediate breast reconstruction, 257
oncologic safety, 260–261
surgical technique

autologous breast reconstruction, 259
de-epithelialized dermal flap, implant  

reconstruction, 259
incisions and Carlson classification, 257–258
mastectomy, 258–259
one-stage implant reconstruction with acellular dermal  

matrix, 259
two-stage expander-implant-based reconstruction, 259

Smoking, 476
Society of Breast Imaging (SBI), 60
Solitary dilated duct, 49
Stable pocket creation, 502
State-Trait Anxiety Inventory (STAI), 800
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Stem cells
adipose tissue, 758
BMSCs, 757–758
human ADSCs, 757–758

application, 761–763
cell isolation, 758–759
multilineage differentiation, 759, 761
phenotypic characterization, 759–761

mesenchymal stem cells, 757
in vitro cell manipulation and expansion, 763
white and brown adipose tissues, 758

Steroidal and nonsteroidal third-generation aromatase inhibitors, 
180

Stromal vascular fraction (SVF), 758
Subcutaneous tissue, mobilization of, 315–317
Subpectoral implant reconstruction, 491

direct-to-implant reconstruction, 492, 493
operative technique, 491–492

Superficial inferior epigastric artery (SIEA), 208, 575–576, 633
Superficial tissue layer, 329, 330
Superior and inferior gluteal artery perforator flaps (SGAP and IGAP 

flaps), 152
Superior epigastric artery (SEA), 406
Superior epigastric flap perforator (SEAP), 410, 413
Superior gluteal artery perforator (SGAP) flap, 576
Superior pedicle mammoplasty, 291, 292, 360
Superior pedicle techniques, 280, 282, 374

aesthetic outcomes, 362
complications, 362
contralateral breast, 362
oncologic outcomes, 362
patient selection, 359–360
preoperative planning, 360
surgical technique, 360–362

Superolateral pedicle mammaplasty, 382–383
Superomedial (and superolateral) pedicle mammaplasty, 382–383
Suppression of Ovarian Function Trial (SOFT), 184
Surgical margins, breast-conserving surgery

cavity shave approach, 236–237
DCIS, margin width and local recurrence, 241–243
invasive cancer

consensus guidelines, 241
factors influencing local control in, 239–240
margin width and local recurrence, 237–238

issues, 237
neoadjuvant chemotherapy, 240–241
radial margin approach, 233–235
shaved margin approach, 234–236

Surgical mentoring, 818–820
Surgical site infection (SSI), 589

breast implants
antibiotic prophylaxis, 591–592
incidence rates, 590
pocket irrigation, 592–593
risk factors, 590–591

capsular contracture, 591
Surgical training

cadaver lab, 822–823
Mastotrainer, 823–824
programs, 821–823
simulators, 822

SurgiMend, 503
Swiss experience

dermoglandular rotation flap, 320
excision, questions after, 319–320
incision, questions before, 319
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