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Preface

P
lastic surgery is a unique specialty that is composed of two parts: engineering and
art. The engineering part is concerned with transferring tissues, keeping those tis-
sues alive while they are healing, and minimizing donor site morbidity. This part
of plastic surgery is interesting and challenging but is, in many ways, not so dif-

ferent from other surgical specialties. What is unique about plastic surgery is its artis-
tic aspect: turning a flap that used to be a forehead into something that truly looks like
a nose, or turning a transverse rectus abdominis myocutaneous (TRAM) flap into a
breast. It is this artistry that makes successful plastic surgeons stand out from their peers.
It is this artistic aspect of breast reconstruction that this book addresses.

Many books already exist about flaps, breast surgery, and breast reconstruction.
This book is not meant to replace them. What is unique about this book is its focus
on artistry. Before now, very little has been written on the artistic aspects of breast re-
construction. What this book provides—possibly for the first time—is some basic prin-
ciples for transferring, shaping, and revising a TRAM (or other autologous tissue flap)
so that it really looks like a breast that matches its opposite counterpart. As such, this
book is intended to help improve the aesthetic quality of the reader’s results, whatever
the current level of those results might be.

Although this book includes chapters on the fundamentals of breast reconstruction
and is therefore suitable for the beginning surgeon, the intended target audience is the more
experienced surgeon who seeks superior aesthetic outcomes. The chapters on the free TRAM
flap, breast shaping, breast revision, surgery of the opposite breast, and nipple reconstruc-
tion will be of special interest to such individuals. Although certain opinions presented here
may change in years to come (or be disagreed with by some even today), I believe that
everyone who performs breast reconstruction will find something useful here.

Who then should read this book? This book is for surgeons who believe in 
the importance of breast reconstruction and care about aesthetic outcomes. It is for sur-
geons who believe that they can improve and learn more about their art. It is for 
surgeons who want to do as much as they can to help their patients. If you are such a
surgeon, this book was written for you.

Stephen S. Kroll, M.D.
M.D. Anderson Cancer Center
The University of Texas
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Goals of  Breast 
Reconstruction1

W h y  D o  W e  R e c o n s t r u c t  B r e a s t s ?

F
or most women, mastectomy is a mutilating and deforming operation that has the
capacity to severely damage a woman’s self-image and lead her to question her de-
sirability as a sexual partner.1–3 This can be true even when a loving husband (or “sig-
nificant other”) is providing support and when abandonment by a mate is, in real-

ity, unlikely. Breasts are a potent symbol of femininity, and the loss of a breast can have
important psychological consequences. Some women may be inhibited from entering into
relationships in which their deformity might be revealed, or may withdraw from rela-
tionships with men and even other women. This isolation can be harmful not only to the
patient herself but to her family, coworkers, and anyone else who depends on her. For
some women, fear of possible deformity is significant enough to cause them to refuse can-
cer treatment, even though the absence of a breast can be easily concealed by clothing.

In theory, the loss of a breast can be corrected without difficulty using a pros-
thesis. Unfortunately, for many women a prosthesis is inadequate treatment. In the pri-
vacy of her bedroom, a woman who has undergone mastectomy without reconstruction
is confronted by her deformity each time she undresses and is reminded that she is not
only deformed but at risk for a cancer recurrence. She is limited in her selection of
clothing and must be careful about choosing activities (like swimming or dancing) that
might cause the prosthesis to become dislodged. Moreover, if the prosthesis is large, it
may be uncomfortable, particularly in hot climates. For these and other reasons, use of
an external prosthesis to replace a missing breast is not always a satisfactory option.

Breast reconstruction does not solve all the problems caused by mastectomy, but
it solves many of them. A woman who has had a successful reconstruction (Fig 1-1) can
usually wear almost all types of normal clothing (including many bathing suits) and par-
ticipate fully in recreational activities without showing any external sign of her surgery.
She is not handicapped by her cancer treatment in her daily living and is not reminded
of her breast cancer except when visiting her doctors for routine checkups. She can re-
turn to an active and productive life, working and providing support to her family and
friends as well as receiving it from them. This is important not only to breast cancer pa-



tients but to society at large because breast cancer patients are often in their prime of
life, and are highly productive individuals upon whom the fabric of our society depends.

C o n t r a i n d i c a t i o n s  t o  
B r e a s t  R e c o n s t r u c t i o n
The overwhelming majority of women who have had (or will need) a mastectomy can
undergo successful breast reconstruction, if they choose to. Who should not be recon-
structed? Women who have unrealistic expectations, and who refuse to accept the re-
quired scars, should be rejected as candidates until their expectations become realistic.
This is rarely a problem in patients requesting delayed breast reconstruction, who al-
ready have scars and are likely to be pleased by any improvement in their appearance
that the surgeon can provide. Unrealistic expectations can occasionally be a problem,
however, for women who are requesting immediate reconstruction. Fortunately, the
overwhelming majority of women who request immediate reconstruction understand
that the reconstructed breast will not be flawless and that, if a flap is used, the surgeon
will be required to create scars in the donor site.

Another group of women who should not have breast reconstruction are those in
very poor health, who are not really candidates for any type of elective surgery. Fortu-
nately for reconstructive surgeons, most such patients are aware of their status and do
not request inappropriate reconstruction, so that rejection of such patients is rarely nec-
essary. If a patient who is not an appropriate candidate for elective surgery does request
breast reconstruction, she need not be rejected out of hand. Such a patient can be man-
aged by gently informing her that her current medical condition does not permit breast
reconstruction, but that her health may well improve, and that when it does the sur-
geon will be happy to revisit the issue.
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FIG. 1-1 (A) A 22-year-old woman following right modified radical mastectomy for breast cancer. (B) After breast reconstruc-
tion with a latissimus dorsi flap and a silicone implant. The patient sunbathes and has resumed an active life. (From Kroll SS:
Clin Plast Surg. 1998;25:135–143. Used with permission.) See color insert, p. I-1.
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The third group of patients who should not undergo breast reconstruction are
those whose prognosis for survival is so abysmal that undergoing additional surgery for
reconstruction is unreasonable. Patients with inflammatory breast cancer, for example,
would fall into this category. Unless the reconstruction is mandatory for psychological
reasons, the patient is far better served by being offered a mastectomy without recon-
struction so that she can leave the hospital quickly and spend as much of her remain-
ing time as possible with her family. If the prognosis improves at a later time, she can
always undergo a delayed reconstruction, a possibility that can be suggested by the sur-
geon to maintain some hope.

P a t i e n t  E x p e c t a t i o n s
The goal of breast reconstruction is to return the patient to a state that approximates
the normal as closely as possible so that she is not handicapped in her daily living. The
surgeon tries to create a breast that is shaped naturally, is soft, has sensation, moves like
a real breast, and in short looks and feels like a normal breast. Ideally, the reconstructed
breast should also mature with time and change with the patient’s body weight, as a
normal breast would.

The reconstructed breast should match the contralateral breast as closely as pos-
sible. Ideally, the reconstruction should be symmetric and attractive in the unclothed
state (Fig 1-2), but in practice this goal is not always achieved even in the most expe-
rienced hands. It is therefore best for the surgeon to promise only that the patient will
have good symmetry in clothing, when wearing a brassiere (Fig 1-3). This goal is usu-

Patient Expectations 3

FIG. 1-2 The result of bilateral immediate breast reconstruction with free transverse rectus ab-
dominis myocutaneous (TRAM) flaps. See color insert, p. I-2.



ally easily met and will satisfy most patients. The surgeon naturally tries to surpass that
stated goal, and often will do so. It is more practical, however, to promise less than can
be delivered. In our clinic, patients are told that they will look normal in clothing but
not when nude. Patients who are surprised by a result that exceeds their expectations,
in our experience, are usually happy about their success and not disappointed that the
surgeon did not make a more accurate forecast.

For similar reasons, it is also best to tell patients from the beginning that the breast
mound will need one or more revisions to achieve a satisfactory shape. Although the
surgeon always tries in the initial operation to create a mound that duplicates the con-
tralateral breast as closely as possible, a perfect match is rarely achieved. If, owing to
luck and skill, excellent symmetry is achieved in the initial procedure, no one will be
disappointed because additional surgery is not necessary. On the other hand, patients
and insurance companies may both rebel if procedures that were not expected and
planned for are subsequently required.

S h o w i n g  P h o t o g r a p h s  
a n d  E x a m p l e s  o f  R e s u l t s
Patients often ask to see photos of the results of breast reconstruction, and may ask
specifically to see what the donor site scars look like. Upon request, I do show them
photos but caution them that each patient is different and that their own results may
be significantly better or worse than those depicted in the photographs. In most cases,
the scars look worse in the photographs than they do on real patients. Because of this,
and for other reasons to be discussed below, I encourage patients who wish to know
what our results look like to meet with other patients who have had previous transverse
rectus abdominis myocutaneous (TRAM) flap reconstructions. In many cases, these suc-
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FIG. 1-3 (A) Reconstructed breast lacks symmetry. (B) Despite the imperfection, the patient has symmetry when wearing a
brassiere. In her clothing she looks normal, is satisfied, and at the time of this photo had declined further revision.
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cessfully reconstructed patients are in the clinic for follow-up visits, and are immedi-
ately available. In most cases, they are enthusiastic supporters of breast reconstruction
and are happy to be interviewed and to answer questions. In this way, prospective pa-
tients get to see both the donor scars and the reconstructed breasts, and get a more ac-
curate and three-dimensional concept of what breast reconstruction can accomplish.

In addition to answering questions and demonstrating the location of the scars, pre-
viously reconstructed patients can help tremendously by supplying emotional support. Es-
pecially for women with newly diagnosed breast cancer, meeting with another patient who
has passed successfully through all the trials posed by mastectomy and adjuvant treatment,
and who has emerged happy and relatively unscathed with a soft, lifelike reconstructed
breast, can be very reassuring. This reassurance comes at a time of great anxiety, when it
is desperately needed. It also comes from a source that patients feel they can trust—a pa-
tient like themselves who has no incentive to mislead them. Patients often tell me how
much they appreciated this support when they first came to our clinic, and frequently vol-
unteer to help other women in the same way if ever they should be needed.

N i p p l e  R e c o n s t r u c t i o n
Although the stated goal of breast reconstruction is to achieve a normal appearance in
clothing, nipple and areolar reconstruction should be considered part of the recon-
structive process and should be presented as such from the beginning. Nipple and are-
olar reconstruction adds significantly to the desirable illusion of normalcy, even when
the reconstruction itself is imperfect (Fig 1-4). Although the nipple is concealed in pub-

Nipple Reconstruction 5

FIG. 1-4 (A) A patient after breast mound reconstruction with a free TRAM flap. (B) The same patient after revision of the
breast mound and reconstruction of the nipple, showing significant improvement in her appearance. (From Kroll SS. Nipple and
areolar reconstruction. In: Kroll SS, ed. Reconstructive Plastic Surgery for Cancer. St Louis, MO: Mosby; 1996. Used with permis-
sion.) See color insert, p. I-3.
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lic, it is reassuring to the patient to know that the breast would look relatively normal
in the unclothed state. Because nipple and areolar reconstruction is relatively painless,
simple, and inexpensive, patients should be encouraged to undergo it whenever possi-
ble once the breast mound reconstruction has been completed.

S u m m a r y
Breast reconstruction is not cosmetic surgery. It is reconstructive surgery, performed to
restore a normal form to women who have undergone mastectomy so that they will not
be handicapped in their everyday living. The goal of breast reconstruction is to make
women look normal in their clothing so that they can wear ordinary clothes (and most
bathing suits) and do not need to wear an external prosthesis. The surgeon may try to
surpass this goal and achieve the illusion of normalcy in the unclothed state (and may
well succeed), but to avoid disappointment patients should not be led to expect that
preoperatively. To achieve optimal results, patients usually will need to undergo at least
one revision of the breast mound, followed by subsequent nipple and areolar recon-
struction. To avoid conflict with patients and insurance companies, the surgeon should
thoroughly explain these details before the reconstructive process begins.

R e f e r e n c e s
1. Gilboa D, Borenstein A, Floro S, Shafir R, Falach H, Tsur H. Emotional and

psychological adjustment of women to breast reconstruction and detection of sub-
groups at risk for psychological morbidity. Ann Plast Surg. 1990;25:397–401.

2. Schover LR. The impact of breast cancer on sexuality, body image, and intimate
relationships. CA Cancer J Clin. 1991;41:112.

3. Lasry JM, Margolese RG, Poisson R, et al. Depression and body image following
mastectomy and lumpectomy. J Chron Dis. 1987;40:529–534.
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Why Autologous 
Tissue?2

A
utologous tissue from the abdomen or buttocks behaves very much like normal
breast tissue and is an ideal material for breast reconstruction. Reconstruction
with autologous tissue is more difficult than reconstruction based on implants,
however, and requires more lengthy, complex surgery. Because of that complex-

ity, autologous tissue is used less often than implants by most plastic surgeons in com-
munity hospitals. Among surgeons who are trained to perform it, however, autologous
tissue reconstruction is rapidly becoming the method of choice.1 This chapter will ex-
plain the reasons for this preference and show why autologous tissue reconstruction is
superior, in most situations, to reconstruction based on alloplastic implants.

A d v a n t a g e s  o f  
I m p l a n t - B a s e d  R e c o n s t r u c t i o n
Implant-based breast reconstruction, usually by tissue expansion followed by placement
of an implant filled with silicone gel or saline,2–6 is currently the most widely used
method of breast reconstruction in the United States (Fig 2-1). This technique does
have advantages, and for some patients—especially those for whom autologous tissue
reconstruction is contraindicated because of poor health—the use of an implant can be
the best choice.

The main advantage of implant-based reconstruction is simplicity. The placement
of an implant or tissue expander is technically easy, requires no special equipment, and
can be performed without special training by almost any plastic surgeon in virtually any
hospital. The procedure itself is short, and hospitalization and recovery time is minimal.
In the short term, the cost of implant-based reconstruction is lower than that of recon-
struction with autologous tissue, so implant-based reconstruction is often favored by in-
surance companies and health maintenance organizations, who are concerned more with
the short-term costs to their organization than with any long-term costs to society.



Implants also have the advantage that they can be changed if it is necessary to
make the reconstructed breast moderately larger or smaller. With certain types of im-
plants (permanent expanders), some change in volume can be accomplished without
surgery by injecting saline into a subcutaneous port, provided that the port has not yet
been removed. Large increases in volume, however, are usually limited by the size of
the overlying skin envelope and cannot be accomplished by merely exchanging the im-
plant for a larger one.

Implants can also be used under a latissimus dorsi (or other) flap to replace the
volume of missing breast tissue while the overlying flap replaces absent breast skin (Fig
2-2).7,8 When an implant is used for this purpose, the surgeon does not need to remove
as much tissue from the back as would be required for reconstruction with autologous
tissue alone. Consequently, donor site morbidity (in the back) is minimized, and the size
of the reconstructed breast is not limited by the amount of available tissue.

D i s a d v a n t a g e s  o f  
I m p l a n t - B a s e d  R e c o n s t r u c t i o n

C a p s u l a r  C o n t r a c t u r e
Unfortunately, implants also have significant disadvantages. The patient’s body recog-
nizes the prosthesis as foreign material and forms a capsule of scar tissue around it to
wall off the implant and try to extrude it. Like all scar tissue, this capsule contracts; as
it does the reconstructed breast becomes firmer.8 In milder forms of capsular contrac-
ture, the appearance of the breast is altered so that it no longer feels or appears natural
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FIG. 2-1 A patient 1 year after left breast reconstruction with tissue expansion and insertion
of a silicone gel-filled breast implant.



(Fig 2-3). If the capsular contracture progresses far enough, the breast can become rock-
hard and painful (Fig 2-4).

Capsular contracture occurs around all breast implants, including those used for
breast augmentation. In the case of breast augmentation, moderate amounts of capsu-
lar contracture are camouflaged by the overlying softness of a natural breast. In a re-
constructed breast, however, there is only a thin layer of skin (and sometimes thinned,
stretched-out muscle) to hide contracture-induced changes, so even a small amount of
deformity becomes very apparent. For this reason, capsular contracture is a much more
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FIG. 2-2 (A) A 60-year-old woman after right modified radical mastectomy for treatment of breast cancer. (B) Seven years af-
ter reconstruction with a latissimus dorsi flap overlying a silicone gel-filled implant. (From Plast Reconstr Surg 1992;90:455–462.
Used with permission.)
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FIG. 2-3 (A) A patient 1 year after left breast reconstruction with a silicone gel-filled implant. (B) Seven years later, following
radiation therapy and showing the effects of capsular contracture.
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serious problem for breast reconstruction patients than it is for those undergoing breast
augmentation.

Because the symptoms of capsular contracture increase with time, it is difficult to
state its true incidence. In a series of 87 of my own patients followed for more than 
1 year (with a mean follow-up of 5 years), the incidence of symptomatic capsular 
contracture around silicone gel-filled implants was 47.6%. When polyurethane foam-
covered implants (which have a lower incidence of capsular contracture but are no longer
available) are excluded, the incidence rose to 53.7%.

The incidence of symptomatic capsular contracture can be reduced somewhat by
using saline-filled implants and by placing the implants beneath the pectoralis major
muscle.9 It has been claimed that this approach can reduce the rate of capsular con-
tracture by one half. Even so, some degree of capsular contracture will occur in almost
every case. When radiation therapy must be used, the incidence of symptomatic con-
tracture rises dramatically.

Capsular contracture remains a significant obstacle to breast reconstruction using
implants, even with modern prosthetic devices. I am well aware that many implant man-
ufacturers, and even some surgeons, believe that new implants will solve the problem.
Every few years, a new implant is advertised as having overcome the obstacle of capsu-
lar contracture. Perhaps some day these claims will prove correct, but as of this writing
they have not, and I remain extremely skeptical that they ever will. Capsular contrac-
ture is the human body’s natural response to a foreign object, and overcoming this will
not be easy.

One of the difficulties in evaluating claims of a low incidence of capsular con-
tracture is that each surgeon’s definition of a capsular contracture problem is different.
What one surgeon may consider a symptomatic capsular contracture that requires treat-
ment, others might judge to be an acceptable result. Compared to a soft transverse rec-
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FIG. 2-4 (A) A previously irradiated patient with severe capsular contracture around a silicone gel-filled implant. The breast was
hard and painful. (B) The capsule was diffusely calcified.
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tus abdominus myocutaneous (TRAM) flap reconstruction, almost all implant-based
reconstructions are imperfect and to some degree unlike the opposite breast. On the
other hand, they can create a normal appearance in clothing, and patients are often sat-
isfied with them even when they know that better alternatives exist. Unfortunately, no
standards exist that would allow a fair comparison of results from different institutions.
It is partly for this reason that the debate over the use of breast implants for recon-
struction remains so far from resolution.

O t h e r  P r o b l e m s
Other problems associated with breast implants include breast pain that can be pre-
sent even when capsular contracture is very mild,10 periprosthetic infection (approxi-
mately 1%), and implant leakage (approximately 1% per year). Because implant fail-
ures (leaks) tend to increase with time11,12 and are fairly common, it is best to assume
that the average implant will need to be replaced every 10 years. Thus, the costs of im-
plant-based reconstruction, and requirements for additional surgery, will continue to
accumulate indefinitely. Furthermore, if the patient gains a significant amount of
weight, the opposite breast will get larger while the implant-based breast will not (Fig
2-5), causing an asymmetry that cannot always be solved simply by replacing the 
implant.

Finally, the relationship between the implant and the host is far more fragile than
that between the patient and autologous tissue. If an implant becomes exposed because
of necrosis of overlying skin, it will usually be lost (Fig 2-6). With autologous tissue,
exposure of an underlying flap caused by mastectomy flap edge necrosis usually is of
little consequence and does not interfere with an ultimately successful result (Fig 2-7).

Disadvantages of Implant-Based Reconstruction 11

FIG. 2-5 (A) A woman 1 year after right breast reconstruction with a latissimus dorsi myocutaneous flap covering a silicone gel-
filled implant. (B) The same patient 5 years later, after gaining 50 pounds. The left breast has become larger, while the right breast
is unchanged. (From Kroll SS. Clin Plast Surg. 2998;25:135–143. Used with permission.)
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A d v a n t a g e s  o f  A u t o l o g o u s  
T i s s u e  R e c o n s t r u c t i o n
Autologous fatty tissue is similar in consistency to mature breast tissue and makes an ideal
substitute. Because autologous tissue is part of the patient’s body, nerves can grow into
it, and sensation in autologously reconstructed breasts is usually better than when im-
plants have been used.13 When the patient lies down, autologously reconstructed breasts
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FIG. 2-6 (A) A patient with mastectomy flap edge necrosis following immediate reconstruction with a tissue expander. (B) One
month later, after debridement of the edge necrosis and apparent healing of the wound. (C) The same patient 2 additional months
later, showing implant exposure. The implant was removed, and the reconstruction ultimately failed.

A B C

FIG. 2-7 (A) A patient with mastectomy flap edge necrosis after immediate breast reconstruction
with a free TRAM flap. (B) The same patient after secondary healing, revision, and nipple recon-
struction. The final result was not significantly impacted by the exposure of the underlying TRAM
flap. See color insert, p. I-4.
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fall to the side (Fig 2-8), and they become more ptotic with time, like natural breasts.
Breasts reconstructed with autologous tissue move like real breasts when the patient runs
or walks and appear more natural in a bathing suit. If the patient gains or loses weight,
the reconstructed breast will change along with the natural breast (although not always at
the same rate). When performed properly, autologous tissue breast reconstruction almost
always leads to a better-quality result than can be achieved using implants.

With autologous tissue reconstruction, in contrast to implant-based reconstruc-
tion, time can be the patient’s ally; with increased follow-up scars soften and fade (Fig
2-9), sensation improves, and tissue firmness resolves. After the first year following com-
pletion of the reconstruction, additional surgery is rarely required unless the patient
gains or loses a significant amount of weight or develops a new malignancy. In the long
term, therefore, autologous tissue reconstruction can require less surgery than recon-
struction with implants.14

D i s a d v a n t a g e s  o f  A u t o l o g o u s  
T i s s u e  R e c o n s t r u c t i o n
Autologous tissue reconstruction is more complex, demands a longer initial hospitaliza-
tion, and requires a longer recovery period than does reconstruction based on implants.
The surgical procedures themselves are more difficult, and not every plastic surgeon is
familiar with them. There is a “learning curve,” and experience as well as training is re-
quired for the surgeon to achieve consistently good results. In the hands of poorly trained
surgeons, autologous tissue reconstruction can be dangerous. Because autologous tissue
can be obtained only from the patient herself, there are always some potentially delete-
rious changes in the donor site even when the operation is completely successful. If the
donor site is not repaired properly or if too much tissue is harvested, significant mor-
bidity can occur. Should flap loss occur, salvage is more difficult than is the case after
loss of an implant, which, at least in theory, can be replaced by a new one.

Disadvantages of Autologous Tissue Reconstruction 13

FIG. 2-8 (A) A 61-year-old woman after mastectomy and immediate right breast reconstruction with a free TRAM flap. (B)
Same patient, bending forward. (C) When the patient is supine, the reconstructed breast falls naturally off to the side just like a
real breast.
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L o n g - T e r m  C o s t s  o f  
B r e a s t  R e c o n s t r u c t i o n
Implant-based reconstruction has low initial costs, but as noted above many patients
will continue to need additional surgery to maintain their reconstructed breasts. Be-
cause of problems such as capsular contracture, leakage, infection, and pain, the costs
of implant-based reconstruction continue to accumulate indefinitely.

At The University of Texas M. D. Anderson Cancer Center, we have analyzed the
costs of breast reconstruction with tissue expansion and implants and with autologous tis-
sue (TRAM flaps) to determine which method is more expensive in the long run. We
found, as expected, that the initial hospitalization costs of implant-based reconstruction
are much lower than those of reconstruction with TRAM flaps. During subsequent years,
however, the costs of implant-based reconstruction accumulate at a much higher rate than
do the costs of TRAM flap reconstruction, which are relatively stable. After 4 years of fol-
low-up, the costs of implant-based reconstruction are higher than the costs of recon-
struction with autologous tissue (Figs 2-10 and 2-11).14 Although we have not yet ob-
served significant numbers of patients for periods longer than 4 years, it seems reasonable
to suppose that with additional time the cost disadvantage of implants will increase fur-
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FIG. 2-9 (A) Early result of a pedicled TRAM flap breast reconstruction. (B) After 4 years, the
scars have faded and the patient looks better than she did immediately after the reconstruction.
See color insert, p. I-5.
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ther. If that is true, then the long-term cost of autologous tissue reconstruction will be
significantly lower than that of reconstruction based on tissue expansion and implants.

S u m m a r y
Breast reconstruction can be successfully accomplished with the use of tissue expansion
and implants, with flaps overlying implants, or with autologous tissue alone. We have
found that autologous tissue reconstruction is more successful in creating a breast that
looks and moves like a normal one, and that its use is associated with lower long-term
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FIG. 2-10 A graphic depiction of the total corrected resource costs of unilateral mastectomy
and immediate breast reconstruction in 1993 dollars, showing how the differences between im-
plant-based and TRAM flap breast reconstruction change over time. Although the short-term
costs of implant-based reconstruction are lower, after 4 years the cumulative costs are similar to
or higher than the costs of TRAM flap reconstruction.

FIG. 2-11 A graphic depiction of the total corrected resource costs of bilateral mastectomy and
immediate bilateral breast reconstruction in 1993 dollars, showing how the differences between
implant-based and TRAM flap breast reconstruction change over time. Although the short-term
costs of implant-based reconstruction are lower, after 4 years the cumulative costs are similar to
or higher than the costs of TRAM flap reconstruction.



costs and fewer complications as well. For these reasons, we prefer autologous tissue re-
construction for most patients, reserving implants for those who are not good surgical
candidates and those who will not consent to the surgery required for reconstruction
with autologous tissue. For patients who will allow it, we have found autologous tissue
reconstruction to be highly satisfactory, allowing the creation of reconstructed breasts
that are often mistaken for normal ones. Most patients can undergo successful recon-
struction using the methods described in this book. The remaining chapters will be de-
voted to showing how that is done.
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Why Use 
Free Flaps?3

A d v a n t a g e s  o f  U s i n g  F r e e  F l a p s

A
t The University of Texas M. D. Anderson Cancer Center we believe that free
flaps are the best choice for autologous tissue breast reconstruction in most pa-
tients.1 There are four principal reasons for this belief. First, free flaps cause less
donor site morbidity than pedicled flaps. Second, blood supply to the flap is usu-

ally more robust. Third, the use of free flaps facilitates subsequent revision of the breast
mound, as I will discuss in chapter 20. Fourth, free flaps provide increased flexibility
when transverse rectus abdominis myocutaneous (TRAM) flaps are not possible and
other donor sites must be used. Other minor advantages include a smoother, less dis-
torted inframammary fold. In this chapter, I will discuss these advantages of free flaps,
and suggest ways to make the use of free flaps more practical, less stressful, and more
successful.

R e d u c e d  D o n o r  S i t e  M o r b i d i t y
The most important advantage of using free flaps for breast reconstruction is reduced
morbidity in the flap donor site. When a free flap is used, only that part of a muscle
required to link the blood vessels of the pedicle to the vascular system of the flap must
be harvested.2 In contrast, rotational flaps usually require functional sacrifice of an en-
tire muscle. The free TRAM flap (Fig 3-1), for example, requires sacrifice of only a frac-
tion of the amount of rectus abdominis muscle that would be required for transfer of
a pedicled TRAM flap (Figs 3-2 and 3-3). This reduced muscle loss in patients who
undergo reconstruction with free TRAM flaps reduces postoperative abdominal wall
weakness. Consequently, 93% of patients who have undergone breast reconstruction
with free TRAM flaps are able to perform situps, while only 50% of patients who have
undergone reconstruction with pedicled TRAM flaps are able to do so.3 The difference
in abdominal wall strength is particularly noticeable when the TRAM flap reconstruc-
tion has been bilateral. When bilateral pedicled TRAM flaps have been harvested, only
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FIG. 3-1 (A) The pedicle (arrows) of a free TRAM flap: only minimal muscle tissue has been sacrificed. (B) The donor site.
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FIG. 3-2 The muscle pedicle of a conventional (pedi-
cled) TRAM flap. A large part of the muscle has been in-
cluded with the flap, inevitably causing some loss of func-
tion.



27% of our patients are able to do situps, compared to the 75% who have been able
to do them after bilateral free TRAM flaps. After unilateral TRAM flap harvest, the dif-
ference in situp ability between those with free and pedicled flaps is less noticeable, pre-
sumably due to the presence of an intact rectus abdominis muscle on the opposite side.

The reduced muscle sacrifice also diminishes postoperative pain. Recovery from
the surgery is more rapid and less disabling. This may not be important to every sur-
geon, but patients consider it compelling. For this reason alone, most patients prefer
the free TRAM flap when that option is available.

I n c r e a s e d  F l a p  P e r f u s i o n
The second advantage of the free TRAM flap is a more robust and efficient blood sup-
ply. The deep inferior epigastric vessels that supply blood to the free TRAM flap are
larger in caliber than the superior epigastric vessels that supply the pedicled TRAM flap.
Moreover, in the free TRAM flap, the flap lies in the primary territory of the deep in-
ferior epigastric vessels, so blood does not have to pass through “choke vessels” before
reaching the flap.4 Consequently, circulation is more efficient and, compared to that of
the pedicled TRAM flap, increased.

Advantages of Using Free Flaps 19

FIG. 3-3 (A) A double-pedicled conventional TRAM flap. (B) The donor site defect. Even
more muscle is sacrificed in this procedure. (From Kroll SS. Breast reconstruction with the
TRAM flap. In: Kroll SS, ed. Reconstructive Plastic Surgery for Cancer. St. Louis: Mosby; 1996.
Used with permission.)
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This increased flap blood supply allows the TRAM flap to be folded and sculpted
more aggressively to achieve the desired shape. This increases the surgeon’s options and
improves the appearance of the reconstructed breast. Although some outcomes from
pedicled TRAM flaps are every bit as excellent as those achieved with free flaps, the av-
erage outcome of free TRAM flap breast reconstruction tends to be better.

The improved flap blood supply also allows successful breast reconstruction in 
patients who smoke, without having to resort to the use of double-pedicled flaps (Fig
3-3). When double-pedicled flaps5 are avoided, muscle sacrifice and donor site mor-
bidity are significantly reduced, albeit indirectly.

F a c i l i t a t i o n  o f  B r e a s t  M o u n d  R e v i s i o n
The use of free tissue transfer for breast reconstruction results in a breast mound that
has a superiorly based blood supply. Consequently, the mound can be revised using
techniques similar to those used for breast reconstruction or mastopexy without inter-
fering at all with the blood supply to the flap, or being impeded by the presence of an
inferiorly positioned muscular pedicle. This significantly increases the number of avail-
able options for flap revision, facilitating the creation of an aesthetically successful 
reconstruction.

U s e  o f  A l t e r n a t i v e  D o n o r  S i t e s
The routine use of free TRAM flaps, which requires a working familiarity with micro-
surgery, facilitates the use of other free flaps such as the inferior gluteal,6,7 the superior
gluteal,8 and the Rubens fat pad flap.9 This is true not only for the surgeon but also
for the operating room nurses and other members of the treatment team. Although
there is no rule against the use of alternative free flaps by surgeons who do not perform
free TRAM flaps, surgeons who are not comfortable with free TRAM flaps are unlikely
to feel comfortable attempting these other, more difficult surgical procedures. The every-
day use of microsurgery removes some of the mystery from free-tissue transfer and
widens the surgeon’s options for breast reconstruction when a TRAM flap is not pos-
sible. The routine use of free TRAM flaps also improves the surgeon’s microvascular
experience and potential for success with free flap reconstruction in the head and neck,
extremities, and other areas.

L e s s  D i s t o r t i o n  o f  t h e  I n f r a m a m m a r y  F o l d
Although distortion of the inframammary fold is not inevitably associated with the use of
pedicled TRAM flaps, it is often seen after such reconstruction because of the need to re-
lease the medial portion of the fold and create a tunnel through it. Consequently, and be-
cause of the presence of the muscle pedicle in this tunnel, bulging of the medial portion
of the inframammary fold is common. In most cases this bulging can be corrected sec-
ondarily, but sometimes the distortion will persist even after surgical removal of excess tis-
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Making Free Flaps More Practical 21

FIG. 3-4 (A) An early result of breast reconstruction with a conventional TRAM flap show-
ing some distortion of the inframammary fold caused by the presence of the muscle pedicle. (B)
With time, much of this distortion will subside spontaneously.

A B

sue (Fig 3-4). This type of distortion is rarely seen after a free TRAM flap, since there is
no tunnel and no need to release any part of the inframammary fold (Fig 3-5).

M a k i n g  a  S m a l l e r  B r e a s t
Paradoxically, it can be more difficult to make a small breast with a TRAM flap than
to make a large one. The larger the muscle pedicle, the more difficult it is to reduce
the size of the flap without endangering blood supply. Although using a free flap does
not solve all the problems associated with making a small breast, the robust blood sup-
ply does allow more aggressive shaping and makes obtaining a symmetrical result more
likely (Fig 3-6).

M a k i n g  F r e e  F l a p s  M o r e  P r a c t i c a l
Some surgeons avoid free flaps because they see them as complex affairs that are usu-
ally not finished until late at night, are associated with high anxiety levels, and have a
high incidence of emergent returns to the operating room and failures. Usually, these



opinions have been formulated during residency training after watching relatively in-
experienced surgeons struggle to overcome obstacles they were not properly trained to
deal with. Free flaps do not have to be complicated and frustrating. At M. D. Ander-
son Cancer Center, we view free flaps as routine everyday procedures and often as the
easiest way to solve a reconstructive problem. Although failures do occur, our incidence
of flap loss in free flap breast reconstruction has been less than 1%,10 a figure not sub-
stantially different from the failure rate of pedicled flaps. Free flaps can be simplified,
and made more practical, by following several simple rules.

S t a r t i n g  E a r l y  a n d  F i n i s h i n g  E a r l y
The first rule of free flap surgery is to avoid finishing the procedure late at night. The
surgeon’s goal is to finish the free flap by 6 PM so that the surgical and operating room
teams are not stressed by excessive overtime and can perform their functions in a rou-
tine manner. Even more important, an early finish allows detection of postoperative
thrombosis or other pedicle obstruction (which usually appears in the first few hours
after wound closure) before the anesthesiologists and other operating room personnel

22 C H A P T E R 3 WHY USE FREE FLAPS?

FIG. 3-5 A free TRAM flap breast reconstruction, showing a completely smooth inframam-
mary fold. See color insert, p. I-2.



have gone home for the day. Consequently, if a return to the operating room is re-
quired it can be accomplished relatively quickly, increasing the chance of successful sal-
vage of the flap. Moreover, a rapid and early return to the operating room avoids the
need for surgery in the middle of the night, an additional source of schedule disrup-
tion and fatigue that interferes with proper function of the operating suite.

To avoid finishing free flaps late at night, every operation involving a possible free
flap should be started as early as possible, as the first case of the day. This not only gives
the microvascular surgeon a better chance for an early finish, but allows the most com-
plex portion of the free flap to be completed while the daytime nurses, who are usually
the most experienced and knowledgeable (and know where to find spare instruments
or microscope bulbs should that be necessary) are on duty. In my experience, anasto-
moses that must be performed at night are often delayed by nonspecialized nurses who
do not know where to locate microvascular sutures or other critical materials. That sit-
uation can usually be avoided by insisting on an early start for all complex procedures,
especially those that will involve free flaps.

In our institution, no exceptions are allowed to this rule. Having a firm regulation
like this discourages well-meaning colleagues from asking the microsurgeon to allow ex-
ceptions for short cases to be performed prior to the free flap as a personal favor. In-
variably, the “short case” takes longer than expected and, combined with the operating
room turnaround time, delays the free flap so that it finishes late. Unfortunately, most
colleagues do not realize how detrimental these delays are to the success of the free flap.
For that reason, it is best to have a firm rule so that exceptions cannot be made.

Making Free Flaps More Practical 23

FIG. 3-6 A small breast reconstructed with a free TRAM flap. Paradoxically, this is much more
difficult than reconstruction of a larger breast.



An early finish is also facilitated by avoiding delays and making constant progress
throughout the procedure. In teaching hospitals, the surgeon may have to share parts
of the operation with relatively inexperienced residents and fellows. This is permissible
provided that the trainees are properly supervised and that the case is not unduly pro-
longed. It is the attending surgeon’s responsibility, however, to ensure that adequate
progress is being made. If the trainees are not capable of making adequate progress, the
attending surgeon has responsibilities to the patient and to the operating room that re-
quire taking over the surgery and getting things back on schedule.

H a v i n g  t h e  R i g h t  E q u i p m e n t
High success rates require good equipment. Modern microscopes, instruments, and su-
tures are much better than those of years past and make microsurgery easier and more
successful. To ensure a high success rate, however, it is essential to have equipment of
the highest quality. Moreover, it must be well maintained and work properly. Using
jeweler’s forceps with tips that do not meet correctly and will not hold sutures, for ex-
ample, is frustrating and can lead to poor anastomoses and flap failure. Microsurgical
instruments are delicate and can easily be damaged by operating room personnel dur-
ing cleaning or storage. If the operating room staff is not used to working with micro-
surgical instruments, the surgeon needs to take a personal interest in the instruments
and ensure that they are properly cared for.

Instruments used for breast reconstruction should be long enough to reach easily
into the axilla (Fig 3-7). Short instruments make the surgeon struggle to reach the anas-
tomosis, and can lead to tremor and poor technique. Longer instruments are more ex-
pensive, but are essential to achieving high success rates.

Many surgeons have successfully performed free flaps with loupes.11 I have done
this myself and agree that it is fully possible. Some would argue that an operating mi-
croscope is unnecessary, but I would not agree. A good operating microscope (Fig 3-8)
provides more light, better resolution, a greater depth of focus, and a wider field of view
than loupes can. A microscope also facilitates working with finer sutures, such as 10-0
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FIG. 3-7 Long (15 cm) microsurgical instruments suitable for performing anastomoses in the
axilla. Instruments shorter than this greatly increase the difficulty of the anastomoses.



nylon. Loupes are adequate when the vessels are large and the surgery is uneventful. Many
excellent surgeons are getting good results with them. When an unforeseen problem
arises, however, especially if it involves anastomosis of very small vessels, the microscope
may allow a successful resolution when a pair of loupes might not. A good microscope
reduces surgical stress and increases success rates, and in my opinion should be available
in any center that plans to perform more than a few free flap procedures each year.

U s i n g  S i m p l e  a n d  R e l i a b l e  T e c h n i q u e s
Microsurgery is much easier and more reliable when flaps with long pedicles and large-
caliber vessels are used.10 Fortunately, the most widely used free flap for breast recon-
struction is the free TRAM flap, which has a pedicle that is relatively long and easy to
work with. The surgeon should take the time to dissect the pedicle (the deep inferior
epigastric vessels) all the way to its origin, so that it is as long as possible. Making the
pedicle long makes positioning of the flap on the chest easier and increases the caliber
of the vessels. Moreover, a long pedicle facilitates positioning of the flap during the
anastomoses so that the flap is not in the surgeon’s way. For this reason, I prefer a long
pedicle even when using the internal mammary vessels (which otherwise do not require
a long pedicle) as recipients.

H a v i n g  A d e q u a t e  A s s i s t a n c e
Although it is possible to perform a free flap procedure without assistance, free flaps are
much easier to do with adequate help. A well-trained assistant can make the anasto-
moses much easier, and can perform parts of the operation independently, greatly speed-
ing up the procedure and increasing the chances of success. One capable assistant is all
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FIG. 3-8 Leica-Wild M-80 microscope. This microscope has excellent resolution and lighting,
and is suitable for microvascular free tissue transfer.



that is required for most breast reconstructions, but for bilateral reconstruction or in
obese patients it is better to have two or more assistants, if possible. In that way fatigue
will be less of a factor and the surgeon can pay more attention to obtaining an aes-
thetically good result.

M o n i t o r i n g  t h e  F l a p  P o s t o p e r a t i v e l y
Although every effort should be made to prevent pedicle obstruction, careful postoper-
ative flap monitoring is required so that if thrombosis does occur it can be treated early
enough that flap salvage is possible. There are several effective methods of monitoring
flaps and some disagreement about which is best. Almost all experienced microsurgeons,
however, would agree that the most essential element in flap monitoring is an experi-
enced and intelligent nurse. Flap monitoring must be performed by someone with suf-
ficient expertise to recognize the signs of an obstructed pedicle early enough to do some-
thing about it.

Because most episodes of thrombosis occur early in the postoperative course, we
have found that hourly flap monitoring for the first 3 postoperative days is usually suf-
ficient.12 This monitoring is performed in a “flap unit,” which is simply an ordinary
group of hospital rooms where all patients who undergo free flap procedures are sent
(unless they are required for other reasons to be in the intensive care unit). In that way,
a small group of nurses become experts at recognizing flaps that require attention. This
expertise is invaluable and has increased our success in flap salvage regardless of what
monitoring technique is being used.

S u m m a r y
Provided that adequate equipment and personnel are available, free flaps can be a very
practical and effective method of autologous tissue breast reconstruction. The advan-
tages of free tissue transfer include reduced donor site morbidity, increased flap blood
flow, a superiorly based blood supply that facilitates breast mound revision, and an in-
creased choice of donor sites. At M. D. Anderson Cancer Center, the free TRAM flap
is the most commonly used breast reconstruction technique, and one that has achieved
excellent results with a low failure rate.

Free flaps do not necessarily have to be complex and time-consuming. With good
equipment, adequate training, sufficient planning, and early start times, a procedure
that includes free flaps can be completed without excessively stressing the surgeon, the
patient, or the operating room team.
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Immediate Breast 
Reconstruction4

A d v a n t a g e s  o f  
I m m e d i a t e  R e c o n s t r u c t i o n

B
reast reconstruction can be immediate (right after the mastectomy) or delayed
(months or years later). Many years ago, virtually all breast reconstructions were
delayed for fear that immediate reconstruction would compromise adjuvant treat-
ment or make cancer follow-up more difficult. Today, those arguments are largely

considered invalid, and immediate reconstruction is becoming more and more popu-
lar.1–3 This change has occurred because immediate reconstruction has many advan-
tages, both for the patient and for the surgeon who performs the reconstruction.

C o n v e n i e n c e
The first advantage is patient convenience. For the patient, the prospect of waking up
from the anesthetic after her mastectomy with the breast mound already reconstructed
is far more attractive than that of having to return to the hospital for another major
operation months or years later. A major operation, with its attendant preoperative vis-
its, blood tests, hospital stay, and convalescence, is very inconvenient for patients, many
of whom are in the prime of their lives and have significant responsibilities at work or
at home. For such patients, the ability to recuperate from both the mastectomy and the
breast mound reconstruction at the same time and in one hospital stay saves valuable
time and is very appealing. From the patient’s point of view, immediate reconstruction
is always a more attractive option than reconstruction that is delayed.

C o s t
The second advantage is reduced cost.4 Because recovery from the mastectomy and the
reconstruction is simultaneous, the patient requires fewer total days in the hospital than
would be needed if the two procedures were done separately. Moreover, the costs of an



additional anesthetic induction and required preoperative testing and office visits for
the extra operation are eliminated. Finally, because immediate reconstruction is tech-
nically easier than delayed reconstruction (see below), multiple revisions are less likely
to be required to achieve a satisfactory breast shape.

S a f e t y
The third advantage is safety. Modern general anesthesia is relatively safe; however, ad-
verse incidents, though uncommon, do occur. In eliminating one induction of general
anesthesia, the risk of the reconstructive process is lowered.

P s y c h o l o g i c a l  F a c t o r s
The fourth advantage is the psychological one of avoiding the mental anguish of hav-
ing to live with the deformity of mastectomy5–7 for several months (or more) until a
delayed reconstruction can be performed. Following mastectomy and immediate re-
construction, the patient is able to see the reconstructed breast mound as soon as she
awakens from the general anesthetic, and never has to confront the deformity of an ab-
sent breast. This reduces her fear of the mastectomy, and encourages the acceptance of
mastectomy when it is required.

A e s t h e t i c  O u t c o m e
The fifth advantage is better aesthetic outcome.8 Immediate reconstruction allows use
of a skin-sparing mastectomy, which preserves the uninvolved breast skin for use in the
reconstruction. If this is done correctly, preservation of the breast skin envelope and the
inframammary fold makes shaping of the breast mound much easier and more accu-
rate. Furthermore, scarring is reduced. Consequently, the aesthetic results tend to be
better (Fig 4-1). Even when a skin-sparing mastectomy is not used, preservation of the
inframammary fold helps the reconstructive surgeon to position the breast properly.
Also, by looking at the mastectomy specimen, the reconstructive surgeon has a better
idea of how much tissue will be required to replace it and achieve symmetry with the
opposite breast. Immediate reconstruction also avoids the problem of established scar
tissue, which in delayed reconstruction hampers expansion of the breast skin to its orig-
inal dimensions and can be difficult to release adequately.

F a c i l i t a t i o n  o f  F r e e  F l a p  R e c o n s t r u c t i o n
Finally, if a free transverse rectus abdominis myocutaneous (TRAM) flap9–11 is to be
used in the reconstruction, dissection of the thoracodorsal artery and vein for use as re-
cipient vessels is considerably easier in immediate reconstruction. In many cases, they
will already have been exposed by the oncologic surgeons during the course of an axil-
lary dissection and will be immediately available. Even when an axillary dissection has
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not been performed, however, they will at least not be surrounded by scar tissue from
previous surgery, and their exposure will be facilitated by the dissection performed dur-
ing the mastectomy.

D i s a d v a n t a g e s  o f  
I m m e d i a t e  R e c o n s t r u c t i o n
A disadvantage of immediate reconstruction is that it is inconvenient for the general
surgeon, who must arrange a preoperative consultation with the plastic surgeon and
must schedule the mastectomy at a time when both surgeons are available. Also, if au-
tologous tissue reconstruction is planned, the operating room will be tied up by the
plastic surgeon for several hours if not for the entire day, making it impossible for the
general surgeon to perform additional procedures in that room.

Immediate reconstruction ideally would not interfere with adjuvant treatment, but
in practice sometimes it does. If there is partial flap necrosis or prolonged wound
drainage, chemotherapy or radiotherapy may be delayed. Fortunately, these delays are
usually not longer than a week or two, but there is always some risk of a more signifi-
cant delay. We have found that such delays can be minimized by using flaps that have
the best possible blood supply, such as free TRAM flaps.9

Disadvantages of Immediate Reconstruction 31

FIG. 4-1 (A) Preoperative plan for a skin-sparing mastectomy. (B) Result of immediate re-
construction with a TRAM flap. (From Kroll SS, Baldwin B. Plast Reconstr Surg. 1992;90:
455–462. Used with permission.) See color insert, p. I-6.
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Finally, if postoperative radiotherapy will be required, the reconstructed breast will
be exposed to radiation that could potentially injure it. We have found that well-
vascularized autologous tissue usually tolerates radiotherapy very well, at least for the
first several years;12 however, late deleterious effects are possible, and at this time the
full extent of such changes over the long term has not been determined.

S k i n - S p a r i n g  M a s t e c t o m y  a n d  
R o l e  o f  t h e  G e n e r a l  S u r g e o n
Breast cancer is not skin cancer, and for most patients removal of overlying breast skin
is unnecessary. Skin that is within 1 cm of the tumor should be removed, but other-
wise the breast skin envelope can be preserved for use in the reconstruction.13,14 Re-
moval of the nipple, the areola, the breast, and the biopsy scar (if present) is usually
sufficient (Fig 4-1). This preservation of uninvolved breast skin makes shaping of the
reconstructed breast much easier and also reduces the amount of visible scarring in the
breast. Moreover, what scarring is present tends to be lower on the breast, allowing the
patient to wear low-cut dresses and bathing suits without showing her scars.

Immediate reconstruction with skin-sparing mastectomy is a team effort, and the
general surgeon is a critical member of the team. If the general surgeon is committed
to the concept of skin-sparing mastectomy and cares about the aesthetic outcome of re-
construction, the results will invariably be improved by that commitment.

The first part of the general surgeon’s role is in patient selection. Not all patients
are good candidates for breast reconstruction, even though most patients would prefer
to have it. Ideal patients are young, healthy, and nonobese. Older patients also can be
candidates, depending on their state of health and motivation. It is difficult to define
universal criteria in patient selection for breast reconstruction, because patients, sur-
geons, and situations vary widely. In general, however, extreme obesity is a relative con-
traindication,15,16 as are other major health problems. The general surgeon needs to use
his or her judgment and encourage patients who would benefit the most from imme-
diate breast reconstruction to consult the plastic surgeon and consider it.

The second part of the general surgeon’s role is in choosing a plastic surgeon to
work with. Not all plastic surgeons are equally committed to breast reconstruction, and
not all are equally talented. The general surgeon should attempt to work with someone
who is interested in breast reconstruction, willing to commit the necessary time and ef-
fort, properly trained in autologous tissue reconstruction, and artistically talented enough
to achieve aesthetically successful results.

The third aspect of the general surgeon’s role is in the operating room. Skin-
sparing mastectomy is technically more difficult than a conventional wide-field mastec-
tomy because of the limited incisions and longer mastectomy flaps. Additional effort and
help will be needed for retraction of the skin, and it can be more difficult to visualize
the depths of the wound. The general surgeon must pay attention to the inframammary
fold and try not to violate it. Dissecting past the inframammary fold does not signifi-
cantly increase the amount of breast tissue removed, but it does destroy an important
landmark that helps the plastic surgeon to correctly position and shape the breast.
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Similarly, the general surgeon should attempt not to dissect medially past the edge
of the breast. Excessive medial dissection reduces the blood supply of the mastectomy flaps,
making necrosis of them more likely. It also forces the plastic surgeon to create a new
medical breast border with sutures, introducing the possibility of error and distortion.

In preserving the breast skin envelope, the general surgeon also has the responsi-
bility for keeping it alive by maintaining its blood circulation (Fig 4-2). This is done
by maintaining an adequate and uniform thickness to the flaps throughout the dissec-
tion. The thickness required varies from patient to patient. Usually a plane can be iden-
tified between the breast tissue and the subcutaneous fat. The surgeon must try to re-
move all the true breast tissue, while preserving as much of the subcutaneous fat as
possible so that the blood supply to the mastectomy flaps is maintained.

If an axillary dissection is performed and if a free TRAM flap9,11,17 is planned,
the general surgeon should take great care to preserve the thoracodorsal vessels so that
they can be used as recipients for the free flap. Injuries to these vessels, or cutting off
a small branch without clipping or ligating it, can cause severe spasm that can make
subsequent execution of the free flap difficult. Also, the surgeon should try to avoid ty-
ing together arterial and venous branches of the thoracodorsal vessels with one ligature
very close to the main vessels because that can make separation of the thoracodorsal
artery and vein (required prior to the anastomoses) technically very difficult.

Finally, the general surgeon should try to avoid tapering the breast excision so much
that the plastic surgeon cannot tell exactly where the borders of the mastectomy defect
are. If the edges of the mastectomy defect are obvious to the plastic surgeon, he or she
can suture the autologous tissue flap to them, allowing the reconstructed breast to re-
place exactly what has been removed and to blend into the chest wall in a natural way.

R o l e  o f  t h e  P l a s t i c  S u r g e o n
The plastic surgeon also has a role in patient selection and, like the general surgeon,
should select appropriate candidates and discourage those who are physiologically (but
not necessarily chronologically) too old, too obese, or too unhealthy to undergo suc-
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FIG. 4-2 (A) Mastectomy flap edge necrosis after immediate free TRAM flap breast reconstruction. (B,C) The same patient af-
ter debridement, healing, revision, and nipple reconstruction (see color insert, p. I-7). Because autologous tissue was used, the
mastectomy flap necrosis did not significantly compromise the final result. (From Kroll SS. Plast Reconstr Surg. 1994;94:637. Used
with permission.)
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cessful reconstruction. He or she also has a role in selection of the most appropriate
procedure. For marginal candidates, the choice of procedure may significantly influence
the chances for success. For example, very obese patients are often not candidates for
TRAM flap breast reconstruction but may be appropriate candidates for reconstruction
with an extended latissimus dorsi flap18 (usually combined with a contralateral breast
reduction). Similarly, patients who are in their late 60s may be better served with a 
simpler procedure such as an extended latissimus dorsi flap or reconstruction using 
an implant.

The plastic surgeon also has the responsibility to inform patients of the risks of
the procedure and of the fact that revisions are usually necessary. These revisions are
usually relatively minor, and many of them can be performed in the clinic or office,
but patients need to be told about them in advance. Patients should be aware of what
to expect in the way of donor site scars. It is often helpful if they can talk to other pa-
tients who have previously undergone the procedures.

Obviously, the plastic surgeon’s role also includes actually reconstructing the breast
mound, making any necessary revisions, and reconstructing the nipple/areolar complex.
These procedures will be covered in subsequent chapters.

O n c o l o g i c  A s p e c t s  o f  
I m m e d i a t e  R e c o n s t r u c t i o n
Before immediate reconstruction became so widely available, and even today in some
quarters, concerns were often raised about the oncologic risk of immediate breast re-
construction. Some oncologists worried that immediate reconstruction might increase
the risk of local recurrence, particularly if a skin-sparing mastectomy were used. Re-
cent evaluation of data at The University of Texas M. D. Anderson Cancer Center,
however, has shown that for patients with early (T1 and T2) breast cancer, there are
no differences in the rates of local tremor recurrence or systemic metastasis between
patients who underwent skin-sparing mastectomy and those who had conventional
wide-field mastectomy.19 Moreover, the 5-year local recurrence rates (6.7% for skin-
sparing mastectomy; 7% for wide-field mastectomy) are similar to those published for
patients who had similar tumors treated elsewhere with mastectomy but without re-
construction.

Another possibly valid concern is that the reconstruction might make early de-
tection of local recurrence more difficult. However, this would not be true for the
great majority of local recurrences, which are superficial and are easily palpated just
under the patient’s skin. Superficial recurrences of that type are not hidden by the re-
constructed breast and in fact are sometimes more easily detected, since the tumor is
separated from the chest wall by the soft breast mound and not easily confused with
scar tissue. Deep tumor recurrence on the chest wall, however, can be camouflaged
by an overlying breast mound. One could argue, however, that such chest wall re-
currences are manifestations of systemic disease and are not likely to be affected by
early diagnosis and treatment, making early diagnosis somewhat moot. Fortunately,
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such recurrences are rare, so their early detection is not of great importance to the
majority of patients.

B i l a t e r a l  I m m e d i a t e  
B r e a s t  R e c o n s t r u c t i o n
Bilateral breast reconstruction is becoming increasingly common, both for patients with
bilateral breast cancer and for some patients with unilateral tumors who are at unusu-
ally high risk for a second primary tumor in the opposite breast, such as those with 
familial breast cancer (Fig 4-3). Immediate breast reconstruction after bilateral skin-
sparing mastectomy allows both breasts to be reconstructed simultaneously using the
same reconstruction technique.20 Usually the technique chosen in our institution is the
bilateral TRAM flap, with half of the TRAM flap used for each breast. A bilateral skin-
sparing mastectomy preserves some of the original breast volume in the form of the skin
envelope and subcutaneous fat, reducing the amount of tissue needed for reconstruc-
tion of each breast mound. This reduction of required flap volume is not important in
unilateral reconstruction, nor in bilateral reconstruction of patients who are moderately
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FIG. 4-3 (A) Operative plan for bilateral immediate free TRAM flap breast reconstruction in
a patient with unilateral breast disease. (B) The result 1 year later. The patient has also had a
hysterectomy. (From Kroll SS. Clin Plast Surg. 1998;25:251–259. Used with permission.)
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obese or even of average build. For thin patients, however, it can be very important in
achieving adequate breast size when bilateral reconstruction is required.

W h e n  t o  C h o o s e  
I m m e d i a t e  R e c o n s t r u c t i o n
Because of the numerous advantages described above, immediate reconstruction is the
preferred option for almost all patients with early-stage (T1 and T2) tumors who know
that they want to have reconstruction of their breast. If the patient is unsure that she
wants reconstruction, however, the reconstruction should be deferred since it can al-
ways be done at a later time as a delayed procedure. If the patient has a very advanced
(T4) tumor, immediate reconstruction may be required just to cover the defect of the
chest wall. If the defect is suitably located and if there is sufficient tissue available, the
flap that is required for chest wall reconstruction can sometimes be shaped into a fac-
simile of a breast.

For patients with T3 tumors, the decision for or against immediate reconstruc-
tion is more difficult. Patients with these more advanced malignancies are at much
higher risk of developing both systemic and local recurrence, and so have a lower prob-
ability of benefiting over a long term from their breast reconstructions than do patients
with early-stage tumors. Postoperative radiotherapy will probably be required, and per-
forming immediate reconstruction mandates irradiation of the reconstructed breast. Af-
ter reconstruction, the irradiation will be more difficult to administer (because the chest
wall is no longer flat), and the reconstructed breast mound will be subjected to, and
can be damaged by, the effects of the radiation. Delaying the reconstruction avoids these
problems. On the other hand, delayed reconstruction is always technically more diffi-
cult than immediate reconstruction, and is especially so after the patient has received
radiotherapy. With good technique, successful and safe irradiation of the chest wall is
possible despite the presence of a reconstructed breast mound. Provided that excessive
doses are not used, we have found that TRAM flaps, and especially free TRAM flaps,
tolerate radiation therapy quite well. From the plastic surgeon’s point of view, there-
fore, there is no clear argument for or against immediate reconstruction of patients with
T3 breast cancers.

Our philosophy at The University of Texas M. D. Anderson Cancer Center has
changed over the years, and we have become more willing to offer immediate recon-
struction to some patients, especially younger ones, with T3 tumors. If the patients are
strongly in favor of having immediate reconstruction, and if their prognosis is not un-
usually poor so there is some potential for long-term survival, we are generally willing
to perform reconstruction immediately. In doing this, we must accept the likelihood of
an increased incidence of tumor recurrence in our patient population, and the disap-
pointments that will be occasionally encountered as a result. Fortunately, improved sys-
temic adjuvant treatment has allowed many of these patients with more advanced tu-
mors to survive in a relatively normal state for many years, despite the presence of
recurrent disease. Many such patients have been very grateful for their reconstructions,
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and have told us that their restored breasts have made their lives better. For those pa-
tients who feel that the reconstruction is important enough to them that they are will-
ing to accept the necessary risks, therefore, we are usually willing to perform immedi-
ate reconstruction if the patient is physically a good candidate.

W h e n  N o t  t o  C h o o s e  
I m m e d i a t e  R e c o n s t r u c t i o n

A m b i v a l e n c e
Immediate reconstruction should not be performed when the patient is ambivalent about
undergoing the procedure. If the patient is unsure about having reconstruction, it is
better to defer the reconstruction until the patient has lived for some time with the de-
formity of mastectomy and has developed the necessary motivation to become a good
patient. Ambivalence about the reconstruction is a red flag for psychological instabil-
ity, and such patients should be avoided until the ambivalence is clearly resolved.

M a r k e d  O b e s i t y
Immediate reconstruction should not be performed when the patient is markedly obese
(the definition of which will be given in later chapters), but has some potential for los-
ing weight and becoming an acceptable candidate for reconstruction with a TRAM flap.
If she is not likely to or unwilling to lose the excess weight, she can be evaluated for
immediate reconstruction with an extended latissimus doris flap, as described in chap-
ter 12. If she is not a good candidate for that procedure, however, the reconstruction
should be deferred until the patient does lose enough weight to become an acceptable
surgical candidate, even if that means deferring the reconstruction indefinitely.

P o o r  T u m o r  P r o g n o s i s
Immediate reconstruction ordinarily should not be offered to patients with such a poor
prognosis for survival that they are unlikely to benefit enough from the reconstruction
to justify the investment of time and effort required. A patient who becomes terminally
ill just after the reconstruction has been completed has usually not received a fair re-
turn on her investment. Unless the patient refuses to undergo the necessary mastectomy
unless reconstruction is also performed, she will be better served by undergoing only
the mastectomy and deferring the reconstruction. If she overcomes the odds and 
survives longer than expected, a delayed reconstruction can always be undertaken at a
later time.
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S u m m a r y
Immediate breast reconstruction is more convenient for patients, less expensive, less
risky, less distressing, and achieves better aesthetic results than delayed reconstruction.
Immediate reconstruction can be combined with a skin-sparing mastectomy to achieve
the best possible aesthetic outcome without any significantly increased risk of tumor re-
currence. For the general surgeon, performing a skin-sparing mastectomy is more dif-
ficult than performing a conventional wide-field mastectomy. The way the mastectomy
is performed affects the quality of the breast reconstruction result, and the general sur-
geon who performs a skin-sparing mastectomy is therefore an important member of the
reconstructive team. Skin-sparing mastectomy also facilitates the performance of bilat-
eral TRAM flap reconstruction, especially in thin patients.
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Delayed Breast 
Reconstruction5

R o l e  o f  D e l a y e d  B r e a s t  R e c o n s t r u c t i o n

D
espite the many advantages of immediate reconstruction, there will always be a
need for delayed breast reconstruction. Immediate reconstruction is not available
in all medical centers, forcing many patients to seek delayed reconstruction even
though they might have preferred that their reconstruction were immediate. Also,

because of a change of mind or an improved prognosis, some patients who initially de-
clined breast reconstruction may subsequently decide to seek it. In either scenario, pa-
tients will arrive in the plastic surgeon’s office months or years after mastectomy re-
questing delayed breast reconstruction.

For the plastic surgeon, even though immediate reconstruction is preferable,1 de-
layed breast reconstruction has some positive aspects. There is no need to schedule the
operation jointly with a general surgeon, and the reconstruction can start at the begin-
ning of the operating room day. Postoperative irradiation will not be required, and
chemotherapy will not delay any needed revisions. Moreover, the patient will have lived
with her mastectomy defect for a while and will perceive almost any type of result as
an improvement. She is likely to be pleased with her outcome even if it is less than per-
fect, and unlikely to be critical of efforts the surgeon has made to help her.

Although delayed reconstruction is technically more difficult than immediate re-
construction, good results are nevertheless obtainable (Fig 5-1) and should be sought
diligently. In this chapter, I will discuss ways in which that goal can be achieved.

S p e c i a l  P r o b l e m s  o f  D e l a y e d  
B r e a s t  R e c o n s t r u c t i o n
Delayed breast reconstruction presents a number of special problems. Because no effort
will have been made to spare uninvolved skin, much more tissue is usually missing in



delayed reconstruction than would have been the case in immediate reconstruction, es-
pecially if a skin-sparing mastectomy2,3 would have been used. More skin is usually re-
quired from the flap that has been selected to perform the reconstruction with, and
more tissue volume as well. Finding enough skin to make an adequate breast is not usu-
ally a problem in transverse rectus abdominis myocutaneous (TRAM) flap4–7 breast re-
construction, but it can be an obstacle when an alternative flap must be used. The sur-
geon needs to consider this preoperatively and plan the reconstruction so that sufficient
skin will be available. It is helpful to measure the distance on the breast meridian from
the clavicle to the inframammary fold, on both the mastectomy side and the contralateral
breast (Fig 5-2). The difference between the two measurements is the width of flap skin
paddle that will be required to achieve symmetry. To ensure having enough skin, a
TRAM flap is usually the best choice. If a TRAM flap cannot be used or if there is not
sufficient skin available from it or an alternative flap to create ptosis, a contralateral
mastopexy or breast reduction may be required for symmetry.

F r e e  F l a p  v e r s u s  P e d i c l e d  F l a p
At The University of Texas M. D. Anderson Cancer Center, free TRAM flaps are gen-
erally preferred8 to pedicled TRAM flaps (because free flaps have a better blood supply
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FIG. 5-1 (A) A 49-year-old patient after right mastectomy. (B) The same patient 1 year after
delayed breast reconstruction with a pedicled TRAM flap. (From Kroll SS, Miller MJ, Schus-
terman MA, Reece GP, Singletary SA, Ames F. Ann Surg Oncol. 1994;1:457–461. Used with
permission.) See color insert, p. I-8.
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and less donor site morbidity), but we are always prepared to perform a pedicled TRAM
flap if the situation calls for it. The most common contraindication to a free TRAM
flap is unsuitable blood vessels in the flap or recipient area, a problem that may not
necessarily be apparent preoperatively. Unsuitable recipient vessels are more likely to be
encountered in delayed reconstruction, when the previous surgery has caused scarring
or vessel damage in the axilla. Before planning a free TRAM (or other) flap using the
thoracodorsal vessels as recipients, the surgeon should check the patient for latissimus
dorsi muscle function on the side of the mastectomy. If the latissimus dorsi muscle is
functioning, the thoracodorsal artery and vein, which lie directly adjacent to the tho-
racodorsal nerve, are usually intact and patent. Even if they are intact preoperatively,
however, they may be damaged during their dissection, so the surgeon needs to have
an alternative plan ready. The backup plan could be a pedicled TRAM flap or use of
the internal mammary vessels as an alternative recipient site.

Free Flap versus Pedicled Flap 43

FIG. 5-2 Preoperative plan for delayed TRAM flap breast reconstruction. The difference be-
tween the distance from the clavicle to the inframammary fold on the mastectomy side and that
on the normal side represents the width of skin paddle required to achieve symmetry without
contralateral mastopexy.



C h o i c e  o f  R e c i p i e n t  V e s s e l s
The choice of recipient vessels for free flap breast reconstruction is usually between the
internal mammary vessels (Fig 5-3) and the subscapular system vessels in the axilla (Fig
5-4); these would include the subscapular artery and vein, the thoracodorsal vessels, and
the circumflex scapular vessels.

In our institution we have traditionally preferred to use one of the vessels in the
axilla, especially the thoracodorsal artery and vein. Their size is consistently adequate,
and although the anatomy varies from patient to patient, the surgeon can find at least
one suitable pair of recipient vessels from this group in almost every patient unless pre-
vious surgery has destroyed them. Although the dissection is occasionally complicated
by the presence of scar tissue, it is almost always possible to find good recipient vessels
in the axilla and successfully execute the anastomosis.

I have found it useful to begin each delayed free flap breast reconstruction with
two teams whenever possible (even if each team sometimes consists only of a single sur-
geon). One team begins raising the TRAM or other free flap, while the other team re-
opens the old mastectomy scar, elevates the mastectomy flaps to create a pocket for the
free flap, and explores the axilla. The thoracodorsal vessels should be sought inferiorly,
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FIG. 5-3 The internal mammary vessels, after removal of the third costal cartilage. The artery is usually larger than the vein, but
not always. (A) Photo (arrow points to internal mammary vessels). (B) Drawing of internal mammary vessels.
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just superficial to the latissimus dorsi muscle and sometimes more medial than would
be the case were there no scarring from previous surgery. Usually there is scarring su-
perficial to the vessels, but not deep to them, so the dissection is easier than might be
expected. If the vessels are identified first inferiorly, below the point where the anasto-
moses will be performed, the chance for successful anastomoses will not be compro-
mised if the vessels are injured during this initial identification.

Once the vessels are located, they are traced superiorly under loupe magnification
(3.5 or 4.5 power). They should be freed up as far as possible superiorly, usually until
either the circumflex scapular branch or the axillary vessels themselves are reached, so
that the thoracodorsal vessels can be rotated anteriorly and the anastomoses performed
as superficially (anteriorly) in the axilla as possible (Fig 5-5).

When the subscapular vessel system is adequately dissected in this way, there is
almost always adequate pedicle length to allow comfortable anastomoses and proper po-
sitioning of the flap on the chest wall without vein grafts when a free TRAM flap, a
Rubens fat pad free flap, or even a free inferior gluteal flap is used. If a superior gluteal
flap is used, however, a vein graft will almost always be necessary.

Occasionally, the thoracodorsal vessels are unusually small and are unsuitable for
use as recipients. In such cases, it is not unusual to find a larger-than-usual circumflex
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FIG. 5-4 The subscapular vascular system. The most commonly used recipient vessels are the
thoracodorsals. If these are too small, the circumflex scapular or subscapular vessels may be suit-
able. See color insert, p. I-9.



scapular artery or an unusually long subscapular artery that can be used instead. When
the thoracodorsal vessels are small, the surgeon should therefore expose and examine
the circumflex scapular vessels. Before abandoning the thoracodorsal vessels, however,
2% papaverine solution should be applied liberally to the thoracodorsal vessels for 15
minutes to ensure that the apparent small size is not just temporary, and due to spasm
induced by the dissection. This is especially important if there has been traction on the
artery, which is very sensitive to even minor injury and easily goes into spasm.

Another alternative is the internal mammary vessels, which can be very satisfac-
tory and in fact are preferred by many surgeons.9–11 These vessels are almost always free
of scarring from previous surgery and can be accessed by removing the third or fourth
costal cartilage. Removing the fourth costal cartilage provides the easiest access and gives
the best size match for end-to-end anastomosis of the artery, but sometimes the vein at
that level is small. Using the third costal cartilage for access requires more skin retrac-
tion but provides a larger vein. The artery will also be slightly larger at that level. In
the unlikely event that the artery is too large for an end-to-end anastomosis, an end-
to-side anastomosis can be used. In the overwhelming majority of cases, however, an
end-to-end anastomosis is practical and is the best choice. I find that the vessels are
more likely to be of adequate size on the patient’s right side, and am therefore more
likely to choose the internal mammary vessels as recipients when it is the right breast
that must be reconstructed.

The veins may vary in size, in distance from the sternum, and in number. One
solution to the problem of variability in internal mammary vein size is to perform a
color Doppler ultrasound examination of the vessels preoperatively.9,10 This examina-
tion can determine the size, location, and number of veins—information that is very
useful in deciding not only whether use of the internal mammary vessels would be ap-
propriate, but which costal cartilage to resect for access to the vessels. In many cases,
the vein branches somewhere between the second and fifth costal cartilage. If the car-
tilage resected for access is above the site of the branching, the vein will be single, larger,
and easier to use as a recipient vessel.
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FIG. 5-5 The thoracodorsal vessels dissected far proximally so that they can be rotated anteri-
orly and the anastomoses can be performed superficially in the axilla.



I find dissection of the internal mammary vessels a bit more difficult than dissec-
tion of the subscapular system vessels, but perhaps that is only because I do it less of-
ten. Many very tiny and fragile venous branches supply the intercostal muscles, and
these branches can cause troublesome bleeding during dissection through that tissue.
This difficulty is compensated for, however, by a better position of the surgeon for the
anastomosis. In delayed reconstruction, both of the patient’s arms can be placed at her
sides, rather than outstretched as they would have to be for an anastomosis in the ax-
illa. This allows both the surgeon and the assistant to stand close to the anastomosis
and in whatever position they find most comfortable, greatly facilitating the microsur-
gical portion of the procedure.

Movement of the operative field under the microscope with respiration can affect
the surgeon’s view of the anastomoses, but that is a relatively minor problem. If it is
bothersome, the anesthesiologist can stop ventilating the patient for a few seconds while
a suture is placed. One drawback to use of the internal mammary vessels is that if they
are damaged during their dissection the surgeon may lose the option of performing an
ipsilateral conventional TRAM flap as an alternative. This is not a significant problem
in cases of unilateral breast reconstruction, but can be important when the reconstruc-
tion must be bilateral.

My own feeling about recipient sites is that the vessels in the axilla are very ver-
satile and useful for most free flap breast reconstructions and are almost always the first
choice for immediate reconstruction. For delayed reconstruction, the choice will vary
from surgeon to surgeon. I generally prefer the thoracodorsal vessels if the axilla has rel-
atively little scarring but believe that it is important to be able to use the internal mam-
mary vessels should the situation require it. I do find that with increasing experience,
I am using the internal mammary vessels more and more often, especially in cases where
there has been previous irradiation and in patients who preoperative Doppler ultrasound
examination indicates that the vascular anatomy is favorable.

S c a r  T i s s u e
Delayed breast reconstruction is always complicated by the presence of scar tissue. In
addition to making dissection of axillary recipient vessels more difficult, scar tissue also
can prevent the remaining breast skin from returning to its original position. To achieve
a soft and aesthetically successful reconstruction, such scar tissue must be completely
released. Usually there is a sheet of scar tissue deep to the mastectomy flaps, which must
be aggressively released so that the mastectomy flaps can expand to their original di-
mensions. Only after this has been done can the missing tissue be accurately and suc-
cessfully replaced.

P r e v i o u s  I r r a d i a t i o n
The previously irradiated chest wall presents the surgeon with special difficulties, some
of which cannot be corrected. Radiation causes cellular injury that the body does not
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fully repair, so chronic radiation damage does not improve with time but instead dete-
riorates. Consequently, the irradiated tissues surrounding an autologous breast recon-
struction will usually not blend into the tissues of the reconstruction as well as they
would without irradiation. Often, irradiated skin will have to be sacrificed during the
reconstruction, increasing the amount of skin required from the flap. The quality of re-
sult that can be obtained in a patient with previous irradiation (Fig 5-6) is therefore
less optimal than that which can usually be achieved in a nonirradiated patient. To
avoid disappointment, patients should be made aware of this prior to reconstruction.

In a previously irradiated patient, scar tissue is likely to be more dense and diffi-
cult to release than in a nonirradiated patient, and a vertical releasing incision in the
lower mastectomy flap (Figs 5-7 and 5-8; also see chapter 17) is more likely to be re-
quired. Dissection of recipient vessels in the axilla may also be more difficult. The sur-
geon should be prepared for these challenges. Obviously, one way to solve the problem
of a difficult dissection in a heavily scarred axilla is to use the internal mammary ves-
sels as recipients; they may well have been irradiated but will not have had previous
surgery.

Finally, the surgeon should remember that not all radiation is equal. The extent
of injury depends on the dosage and the way the radiation was administered. Some ir-
radiated patients will have heavy chest wall damage and need a chest wall reconstruc-
tion instead of, or in addition to, a reconstructed breast. Others will have had lower
doses and have little or no perceptible injury to their chest wall skin (Fig 5-9). Each
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FIG. 5-6 (A) A patient after right near-radical mastectomy and heavy irradiation. (B) The same
patient 3 years after TRAM flap breast reconstruction. The result is suboptimal, in part because
the reconstructed breast is surrounded by radiation-damaged skin.
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FIG. 5-8 (A) A patient after bilateral mastectomy and irradiation of the left side, with a plan
for bilateral reconstruction. Note that a skin-sparing mastectomy had been done on the right,
but not on the left. (B) The same patient after bilateral free TRAM flap breast reconstruction.
A vertical releasing incision was required in the left inferior mastectomy flap.
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FIG. 5-7 (A) The vertical releasing incision for the inferior mastectomy flap. This is indicated when the skin is too tight to al-
low adequate expansion of the lower breast panel even after release of all scar tissue. (B) After the releasing incision, the lower
breast skin brassiere expands to accommodate the volume of the flap.
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patient must be approached individually, and the surgical approach will vary with the
circumstances.

S u m m a r y
Despite the advantages of immediate reconstruction, delayed breast reconstruction will
always be required for some patients. Delayed reconstruction is technically more diffi-
cult than immediate reconstruction, especially in previously irradiated patients. All scar
tissue must be released so that whatever original breast skin is present can expand into
its original position, making the defect apparent. Missing skin must then be replaced,
along with the missing breast volume. This is most easily done with a TRAM flap, al-
though other flaps can be used successfully. We prefer to use free flaps with the sub-
scapular vascular system, especially the thoracodorsal vessels, as recipients; but the in-
ternal mammary vessels can be used as well and are preferred by some surgeons.
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FIG. 5-9 A patient 4 years after bilateral free TRAM flap breast reconstruction. She had been
treated previously with mastectomy and radiotherapy on the left side, but there is no apparent
difference between the irradiated (left) and nonirradiated (right) sides. See color insert, p. I-10.
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Bilateral  Breast 
Reconstruction6

R
econstruction of both breasts can be done either synchronously or asynchronously.
Asynchronous reconstruction occurs when the two breasts are reconstructed at
different times. When this happens, each breast is reconstructed separately, per-
forming what is essentially two unilateral reconstructions. If a transverse rectus

abdominis myocutaneous (TRAM) flap1–4 was used for reconstruction of the first breast,
another technique will have to be used for the second one because a TRAM flap can
only be harvested once from each patient. In such a case, symmetry can be difficult to
obtain. It is particularly difficult to match a TRAM flap reconstruction to a recon-
struction performed with tissue expansion and an implant or any other technique that
does not use autologous tissue (Fig 6-1). If the two reconstruction methods are more
similar and only autologous tissue is used, symmetry can be much better (Fig 6-2). Only
rarely, however, will it approach what can be achieved by reconstructing both breasts
simultaneously using the same approach for the two sides (Fig 6-3). It is this simulta-
neous reconstruction of both breasts, using the same technique (most often TRAM
flaps) for each side, that I will address in this chapter.

A d v a n t a g e s  o f  B i l a t e r a l  R e c o n s t r u c t i o n
Bilateral breast reconstruction has several advantages. It is usually relatively easy to
achieve symmetry in bilateral breast reconstruction, provided that the mastectomies
were performed in a similar way. Because one of the most important goals of breast
reconstruction is symmetry, bilateral breast reconstruction is in many ways less 
challenging than unilateral reconstruction, and it often provides better aesthetic 
results.

Because fairly good symmetry is usually achieved in the initial breast mound re-
constructions, revision surgery is required less often than after unilateral reconstruction
and is of lesser magnitude (Fig 6-4). Another advantage of bilateral reconstruction is
that the patient recovers from both right and left breast operations simultaneously. Con-



sequently, bilateral reconstruction is usually much less costly in terms of both patient
effort and dollars than might be expected.5,6 Moreover, bilateral reconstruction is more
convenient for the patient than undergoing two separate reconstructions.

D i s a d v a n t a g e s  o f  
B i l a t e r a l  R e c o n s t r u c t i o n
In bilateral reconstruction, the initial reconstruction of the breast mounds, particularly
if free flaps are used, can be long and tedious. Even when the surgery is uncomplicated,
bilateral mastectomy with immediate bilateral free TRAM flap breast reconstruction can
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FIG. 6-1 Example of asymmetric bilateral breast re-
construction. The right breast was reconstructed with a
pedicled TRAM flap, the left with tissue expansion and
an implant. Although both breasts have acceptable shape,
they do not match.

FIG. 6-2 Asymmetric bilateral breast reconstruction
with two different autologous tissue techniques. The left
breast was reconstructed with a TRAM flap and the right
with a superior gluteal free flap. The symmetry is better
than if an implant had been used for one side.



easily take 10 hours to complete. With obese patients, the required time and work are
greatly increased. If experienced surgical assistance is available, the time can be reduced
somewhat,7 but the procedure is always long and exhausting. Should there be intraop-
erative complications, the surgery can be greatly prolonged, making the procedure stress-
ful for the operative team.

If the surgical teams are not careful about hemostasis, blood loss can be signifi-
cant and transfusion with all its attendant risks can be required. This problem, how-
ever, can usually be avoided or minimized. At our institution, most surgeons use elec-
trocautery dissection; intraoperative blood loss is usually less than 500 ml and
transfusions are ordinarily not required, even for bilateral reconstruction. Moreover, we
encourage patients to donate a unit of blood several weeks preoperatively so that au-
tologous blood is available if transfusion is required. These efforts do not eliminate the
risk of a transfusion reaction, but they do reduce it considerably.
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FIG. 6-3 Bilateral simultaneous breast reconstruction with free TRAM flaps. In this patient,
who had bilateral breast cancer, the symmetry is good because the same technique was used for
both sides. (From Kroll SS. Clin Plast Surg. 1998;25:251–259. Used with permission.) See color
insert, p. I-11.



C h o i c e  o f  T e c h n i q u e
At The University of Texas M. D. Anderson Cancer Center, the most popular tech-
nique for bilateral breast reconstruction is, by far, TRAM flaps.8,9 The reasons for this
popularity include the pliability of the transferred tissue, the ease with which the donor
site can be hidden with normal clothing, and the flatter abdomen that usually is ob-
tained as a result of the surgery. Virtually the entire procedure can be performed with
the patient in the same position, sitting her upright for the final breast mound shap-
ing. There is usually sufficient tissue to make two adequate breasts, even in very thin
patients (see below), especially if free TRAM flaps are used.

Because of their reduced donor site morbidity, we prefer free TRAM flaps to con-
ventional TRAM flaps. Because of the possibility that the recipient vessels could be
small, absent, or injured, however, we tell all patients that despite our preference for
the free flaps, pedicled TRAM flaps might have to be used instead. This is more likely
to occur in delayed reconstruction, especially if previous radiotherapy has been admin-
istered, but even then is uncommon.

If a patient cannot have TRAM flaps because of a previous abdominoplasty or ex-
treme obesity, a good second choice is the use of bilateral extended latissimus dorsi
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FIG. 6-4 (A) A patient 3 weeks after immediate bilateral free TRAM flap breast reconstruc-
tion. Without any revision, the symmetry is excellent. Minimal additional work was required to
complete the reconstruction. (B) The same patient after one revision and followed by bilateral
nipple reconstruction. (From Kroll SS. Clin Plast Surg. 1988;25:251–259. Used with permis-
sion.) See color insert, p. I-10.
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flaps.10 This is a simpler operation and is especially appropriate if the patient is obese,
if the skin of the back is especially lax, or if the size of the breasts required is very small.
In our institution, extended latissimus dorsi flaps are a common method of breast re-
construction, second in popularity only to TRAM flaps.

If TRAM flaps are impossible and the patient cannot have (or refuses) bilateral
extended latissimus dorsi flaps, the remaining choices are bilateral Rubens fat pad free
flaps11 or gluteal flaps.12–15 These alternative flaps are more difficult than the previ-
ously described methods and require more time to perform. Because of this, we rarely
use them for bilateral reconstruction, although they certainly are capable of providing
excellent results.

It is worth noting that reconstruction with implants, while not ideal, is often less ob-
jectionable in the case of bilateral reconstruction than in unilateral reconstruction. Although
the risk of capsular contracture is not avoided, the symmetry is likely to be better after bi-
lateral implant-based reconstruction than when trying to match a natural breast with an
implant-based mound. For patients who are not good candidates for autologous tissue re-
construction, bilateral implant-based reconstruction can sometimes be a good choice.

R a t i o n a l e  f o r  t h e  U s e  o f  F r e e  
F l a p s  i n  B i l a t e r a l  R e c o n s t r u c t i o n
Pedicled TRAM flaps can be very effective for reconstructing the breast mounds in bi-
lateral reconstruction, in many ways more so than in unilateral reconstruction. When
a hemi-TRAM flap is used to reconstruct one breast mound, perfusion of tissue across
the relatively avascular midline is not required. Consequently, partial flap loss is un-
common, and the advantage of better blood supply enjoyed by the free TRAM flap is
less meaningful. For this reason, for the breast mounds themselves, the pedicled and
free TRAM flaps are nearly equal, except perhaps in patients who are heavy smokers.

In the donor site, however, there is a vast difference between bilateral pedicled
and free TRAM flaps. Bilateral pedicled TRAM flaps require sacrifice of much more
muscle than do free flaps, and this muscle loss can significantly weaken the abdomen.
After bilateral conventional TRAM flaps, only 26% of my patients have been able to
do situps, compared to 75% after bilateral free TRAM flaps. The use of free TRAM
flaps greatly reduces the amount of muscle sacrifice and thereby reduces donor site mor-
bidity. It is for this reason, and not because of differences in the breast mounds, that
we prefer free TRAM flaps for bilateral reconstruction in most patients.

E x t e n d e d  F r e e  T R A M  F l a p  
i n  T h i n  P a t i e n t s
Because of the excellent blood supply to free TRAM flaps, they can be manipulated in
ways that conventional TRAM flaps cannot. In the case of very thin patients, the flap
design can be extended as far laterally as the operating table will allow (Fig 6-5). When
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each flap is transferred to the contralateral breast, the extended lateral flap tail can be
folded double (Fig 6-6) to increase breast mound volume and projection. This maneu-
ver will allow reconstruction of breasts of reasonable size even in very thin patients (Fig
6-7). It will not permit the creation of very large breasts, but thin patients do not re-
quire large breasts; on such patients, large breasts usually look unnatural. The extended
flap technique is especially useful for thin, small-breasted patients who have previously
had breast augmentation. For these patients, by using extended bilateral free TRAM
flaps, breasts of a size similar to their previous augmented ones can be obtained with-
out having to resort to the use of implants.
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FIG. 6-5 (A, B) Design for extended free TRAM flaps for immediate bilateral breast reconstruction in a very thin
patient. The flaps are extended laterally as far as the operating table will allow.
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FIG. 6-6 Extended free TRAM flap folded double, to increase breast projection.



R e p a i r i n g  t h e  F a s c i a l  D o n o r  
S i t e  o f  B i l a t e r a l  T R A M  F l a p s
Often, the most problematic part of any bilateral TRAM flap breast reconstruction is
closure of the fascial donor site.16,17 In some cases, the difficulty of this closure can be
significantly reduced by the technique used during flap elevation. Because tissue sur-
vival across the midline is not required, less flap perfusion is necessary than is the case
in unilateral reconstruction. In raising the flaps, if the surgeon finds one lone vascular
perforator entering a flap fairly laterally, it may be advisable to sacrifice that single per-
forator in order to preserve more abdominal fascia and facilitate the subsequent donor
site closure—especially if the lateral perforator is relatively small. The decision of whether
to sacrifice perforator(s) or fascia will depend on the vascular anatomy and the degree
of abdominal laxity that is present.
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FIG. 6-7 Result of immediate bilateral breast reconstruction with extended free TRAM flaps
(same patient as shown in Fig 6-9).



Alternatively, an isolated lateral or medial perforator can be preserved, but the fas-
cia incised around it and preserved in situ in a fashion similar to the technique used in
performing a deep inferior epigastric perforator flap (Fig 6-8). The muscle is harvested
just as in any standard free TRAM flap, but more fascia is preserved. The small circu-
lar fascial defect created by including the perforator in the flap is connected to the main
fascial defect by a horizontal fascial incision, and will be closed vertically (Fig 6-9) so
that the closure does not add any lateral tension to the abdominal wall closure.
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FIG. 6-8 Example of a perforator included with the flap but with preservation of almost all of
the surrounding fascia. Only a small circle of fascia is removed with each perforator.

FIG. 6-9 The small circular fascial defect (arrow) was connected to the main fascial donor site
defect (double arrows) with a horizontal incision. This was subsequently closed vertically to avoid
adding lateral tension to the abdominal wall closure.



After the flaps have been transferred, the two fascial donor sites are closed simul-
taneously, using running sutures so that the tension is widely distributed. Two deep run-
ning sutures are placed to attach the internal oblique fascia to the midline fascia (Fig 
6-10) and then tightened together. If there is excessive tension and the donor sites resist
closure, one side should be tightened and tied first. Then, on the other side, a row of
figure-eight sutures of 2-0 Vicryl (polygalactin 910) should be placed without tension,
then tightened all at once so that the tension is widely distributed. Each suture is then
individually tied while the tension on the rest is maintained by an assistant (Fig 6-11).

If the closure has been unusually tight or if the sutures are tending to tear through
the fascia, reinforcement of the abdominal wall with synthetic mesh may be advisable.
I have found this necessary in only approximately 10% of bilateral TRAM flap patients.
More recently, as I have harvested less and less fascia, I have used mesh even less fre-
quently. Mesh should be used only to reinforce the fascia, however, never to replace it;
the mesh can become infected and someday may need to be removed. The mesh should
overlie the fascial closure, and be sutured to the abdominal wall circumferentially with
2-0 Vicryl or an equivalent (Fig 6-12). In that way, if the mesh ever needs to be re-
moved, the abdominal wall beneath it should remain intact.
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Deep layer
of closure

Superficial
layer of
closure

FIG. 6-10 Two-layer fascial closure at a TRAM flap donor site. In the deep layer, the inter-
nal oblique fascia is sutured to the midline fascia deep to the linea alba using a heavy (No. 1)
permanent running suture.



B i l a t e r a l  P e r f o r a t o r  F l a p s
A variation of the free TRAM flap, the deep inferior epigastric artery perforator (DIEP)
flap,18,19 can be useful in certain cases of bilateral autologous tissue breast reconstruc-
tion. In this technique, one or more perforating blood vessels entering the TRAM flaps
from the rectus abdominis sheath are dissected from the surrounding muscle and fol-
lowed as they join the deep inferior epigastric artery and vein. The dissection is con-
tinued to the origin of the deep inferior epigastric vessels, creating a long vascular pedi-
cle that contains no muscle (Fig 6-13). Motor nerves are preserved when possible, and
little or no muscle and fascia are sacrificed.
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FIG. 6-11 (A) Multiple figure-eight sutures are used to close an overly tight wound. All the sutures are placed before any of
them are tightened. The ends are then crossed. (B) The sutures are then all tightened simultaneously. The tension is maintained
while each suture is individually tied. (From Kroll SS. Ann Plast Surg. 1989;23:104–111. Used with permission.)
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FIG. 6-12 Prolene mesh overlay to reinforce a donor site fascial closure.



The advantages of this technique are that abdominal closure is very easy and
abdominal wall weakness or hernia is unlikely. The disadvantages of the technique
are that it is time-consuming and that the blood supply to the flaps is less robust
than that of standard free TRAM flaps. Bilateral DIEP flaps are usually not the
technique of choice in heavy smokers, in whom reduction in flap blood supply
would be undesirable. Because of the amount of time required, I would not ordi-
narily use this technique in an obese patient, in whom operating time is normally
prolonged even when standard TRAM flaps are used. I tend to use this technique
for bilateral reconstruction primarily in thin, athletic patients who are concerned
about possible loss of rectus abdominis muscle function and who only require small
breasts.

L a t i s s i m u s  D o r s i  a n d  O t h e r  F l a p s
To perform bilateral breast reconstruction with latissimus dorsi flaps, the patient is
first placed in the prone position with the arms outstretched (Fig 6-14). The flaps
are raised and pockets created in the axillae; the dissection extends through the ax-
illae and as far anteriorly as possible into the area that will be occupied by the flaps
when they become breast mounds. Care is taken not to dissect below the planned
inframammary fold. The flaps are tucked into these pockets, and the donor sites are
closed securely over suction drains. The patient is then turned over into the supine
position, reprepared, and redraped. The mastectomy incisions are reopened and the
latissimus dorsi flaps identified. The breast pocket dissections are then extended to
the desired boundaries of the new breasts. The latissimus dorsi flaps are withdrawn
from their pockets and shaped into breast mounds (see chapters 16 through 18).
After careful hemostasis is obtained, the wounds are then closed over a second pair
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FIG. 6-13 Bilateral DIEP flaps (arrows point to the two pedicles). No muscle or fascia has
been sacrificed.



of suction drains, using the latissimus dorsi flaps to replace missing skin in the
breasts.

If bilateral flaps other than the latissimus dorsi or TRAM flaps must be used, I
usually prefer to preform the two reconstructions separately to avoid a painfully long
operative session. The advantage of bilateral simultaneous convalescence is lost, but sym-
metry can be achieved. Fortunately, bilateral reconstruction with such alternative flaps
is rarely necessary.

E l e c t i v e  C o n t r a l a t e r a l  M a s t e c t o m y  
w i t h  B i l a t e r a l  R e c o n s t r u c t i o n
Because bilateral immediate breast reconstruction with TRAM flaps can be so success-
ful, and because the risk of subsequently developing a second primary tumor in the op-
posite breast is significantly elevated in some patients with breast cancer, selected pa-
tients have elected to undergo prophylactic mastectomy on the side opposite their
unilateral breast cancer.20 This strategy allows them to benefit from the advantages of
bilateral breast reconstruction, and reduces their risk of every having to undergo breast
cancer treatment again. It also eliminates the need for follow-up mammography, al-
though not the need for breast self-examination. This approach is aggressive and con-
troversial, and will be more thoroughly discussed in a subsequent chapter. Here we will
only say that it is capable of achieving outstanding results (Figs 6-15 and 6-16), and
has been very popular with patients.
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FIG. 6-14 Patient position for harvesting of bilateral latissimus dorsi flaps.



C o s t s  o f  B i l a t e r a l  R e c o n s t r u c t i o n
Because the patient can recover from the reconstruction of both breasts simultaneously
and because good symmetry is usually obtained in the first operation and thus few re-
visions are necessary, the cost of providing bilateral mastectomy and breast reconstruc-
tion including reconstruction of both nipples is only approximately 5% more than that
of providing a comparable unilateral mastectomy and reconstruction.6 This is true even
though the cost of the initial bilateral breast mound reconstruction is quite high. After
the reconstruction has been completed, there are additional cost savings (for patients
who undergo elective contralateral mastectomy) because the need for subsequent mam-
mography of the contralateral breast is eliminated. Moreover, any costs associated with
treatment of a second breast cancer (in those patients who would otherwise develop
one) are eliminated. One could therefore argue that bilateral mastectomy with autolo-
gous tissue reconstruction is a very cost-effective way to manage unilateral breast can-
cer, if breast reconstruction is considered a routine part of that management.

Costs of Bilateral Reconstruction 65

FIG. 6-15 Result of immediate bilateral free TRAM flap
breast reconstruction.

FIG. 6-16 Result of immediate bilateral free TRAM flap
breast reconstruction.



Interestingly, at the time of this writing, most health insurance companies refuse
to pay for prophylactic treatment of the contralateral breast, even though one could ar-
gue that it would be in their long-term financial interest to encourage women to un-
dergo this form of therapy. Most patients who choose elective contralateral mastectomy
must pay the costs of treatment of the opposite breast out of their own pockets. Even
so, they are generally very satisfied with their outcomes and often volunteer to counsel
other prospective patients who are considering the same option.

S u m m a r y
Bilateral reconstruction has many advantages over unilateral reconstruction and in most
cases is preferable to two separate unilateral reconstructions. The results are usually very
symmetric and consequently tend to be aesthetically superior to those of unilateral re-
constructions. The free TRAM flap is the most commonly used technique, providing
good results with minimal donor site morbidity. Bilateral free TRAM flap reconstruc-
tion has been sufficiently successful that some patients with unilateral breast cancer have
chosen to undergo elective contralateral mastectomy and bilateral reconstruction. This
approach can be very rewarding but has significant risks and should therefore be of-
fered only by very experienced surgeons to patients who fully understand the hazards
they are undertaking.

When TRAM flaps are impossible, bilateral extended latissimus dorsi flaps are of-
ten the next best choice. When neither TRAM flaps nor latissimus dorsi flaps are pos-
sible, other alternatives, including the use of implants, must be considered.
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Choice of  
Technique7

A
wide variety of techniques are currently available for postmastectomy breast re-
construction. The method that is best for any particular patient will depend on
the patient, the surgeon, and the environment in which the reconstruction must
be performed. No one technique is right for all patients. The surgeon must be fa-

miliar with the advantages and disadvantages of each technique and should not be rigidly
committed to only one method of reconstruction. He or she should also be realistic
about his or her own capabilities as well as those of the hospital and about the patient’s
physical limitations. Fortunately, there are enough techniques available that almost any
patient can have successful reconstruction provided that the surgeon is flexible in his or
her thinking and the patient is properly motivated.

C h o o s i n g  B e t w e e n  A u t o l o g o u s  
T i s s u e  a n d  I m p l a n t s
Although this is a book about autologous tissue breast reconstruction, there are some
patients for whom implants remain the technique of choice. As discussed in chapter 2,
implant-based reconstruction has certain short-term advantages that are offset by long-
term disadvantages. For patients who are older than 65 years, who are in poor general
health, or who have a poor tumor prognosis, the long-term disadvantages of breast im-
plants may be of lesser importance than the short-term advantages of minimal surgery
and rapid convalescence. Moreover, in patients undergoing bilateral reconstruction the
difficulty of matching a natural breast with an implant is avoided, so implants can some-
times achieve acceptable results even when some degree of capsular contracture is pre-
sent (Fig 7-1). This does not mean that implants are preferred for all bilateral recon-
structions but only that, in a patient who is a marginal candidate for autologous tissue
reconstruction, implants might be selected for some bilateral reconstructions when au-
tologous tissues might have been chosen were the reconstruction unilateral.



If implant-based reconstruction is selected, I prefer saline-filled implants because
the incidence of capsular contracture is lower than that associated with silicone
gel–filled implants. Capsular contracture is the most common problem associated with
breast implants,1–3 and its presence can easily outweigh any advantage gained by the
more natural “feel” and lack of “rippling” associated with the silicone gel. Most pa-
tients who choose implant-based reconstruction are willing to accept some degree of
a less natural feel or appearance as a trade-off for a softer and less troublesome breast.
For these reasons, I avoid silicone gel–filled implants unless the patient insists on hav-
ing them.

C h o o s i n g  B e t w e e n  T R A M  
F l a p s  a n d  O t h e r  A l t e r n a t i v e s
For the overwhelming majority of patients, the transverse rectus abdominis myocuta-
neous (TRAM) flap4,5 is the breast reconstruction method of choice. The TRAM flap
is soft and easy to mold, has a good blood supply, and has a donor site scar that is rel-
atively easily concealed. When closed properly, the donor site causes relatively little mor-
bidity. The results of artistically successful TRAM flap reconstruction are outstanding
and are rarely surpassed by those of any other technique (Figs 7-2 and 7-3). The TRAM
flap is the most popular method of breast reconstruction in our institution and is the
method of choice for almost all patients for whom it is not contraindicated.

Absolute contraindications to the TRAM flap include a previous TRAM flap, a
previous abdominoplasty, extreme obesity,6,7 and (usually) a potbelly habitus. Relative
contraindications include poor general health, marked (but less-than-extreme) obesity,
and unilateral reconstruction of a very small breast.
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FIG. 7-1 Example of bilateral breast reconstruction performed with tissue expansion and saline-
filled implants.



C h o o s i n g  t h e  F r e e  v e r s u s  C o n v e n t i o n a l  T R A M  F l a p
Both the free TRAM flap8,9 and the conventional (pedicled) TRAM flap4,5,10 are ca-
pable of achieving superb results. In my opinion, the free TRAM flap is superior be-
cause it has a better blood supply11 and because it has less donor site morbidity (see
chapter 9). For surgeons who are capable of performing the free TRAM flap and in en-
vironments where the necessary equipment and personnel are available, it is the proce-
dure of choice unless there are no suitable recipient vessels. The conventional TRAM
flap has no advantages that the free TRAM flap does not have, other than not requir-
ing microvascular anastomoses.

If the surgeon does not preform microvascular surgery, if the requisite equipment
is lacking, or if no suitable recipient vessels are found, a conventional TRAM flap is the
next best alternative. The conventional TRAM flap works well in the majority of pa-
tients who are otherwise suitable TRAM flap candidates and who do not smoke. In pa-
tients who do smoke, the blood supply of the conventional TRAM flap must be aug-
mented either by using a double-pedicled technique12 (which I almost never use anymore
because I consider the donor site morbidity too severe), by delaying the flap,13 or by
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FIG. 7-2 Unilateral TRAM flap breast mound recon-
struction. The breast is soft and matches the opposite
breast very closely.

FIG. 7-3 Bilateral TRAM flap breast reconstruction.
(From Kroll SS. Clin Plast Surg. 1998;25:135–143. Used
with permission.)



supercharging it.14 If none of these possibilities is feasible the reconstruction should be
deferred until the circumstances have changed and the patient no longer smokes or a
free TRAM flap can be performed.

T h e  S u p e r c h a r g e d  T R A M  F l a p
The supercharged TRAM flap14 is a hybrid flap, a conventional TRAM flap that is aug-
mented with one or more auxiliary microvascular anastomoses between the deep infe-
rior epigastric vessels and the thoracodorsal or internal mammary vessels. It therefore
has a dual blood supply: that of a conventional flap (through the superior epigastric ar-
terial system) and that of a free TRAM flap (through the anastomoses).

The supercharged TRAM flap is often criticized as having the worst aspects of
both techniques—the donor site morbidity of the conventional TRAM flap and the
complexity of the free TRAM flap. I am not entirely in agreement with that criticism.
I do not recommend it as a primary technique except when the plastic surgeon is at the
beginning of his or her career and seeks a safe way to gain experience in performing the
anastomoses required for free TRAM flaps, or when the surgeon is operating in an un-
familiar environment where the quality of the instruments or of the microscope is un-
certain. For salvage of a conventional TRAM flap that is not well perfused after trans-
fer to the chest wall, however, supercharging has no equal. Supercharging, ideally, would
therefore be part of the repertoire of any surgeon who performs conventional TRAM
flaps, and I prepare for its possible use by including the deep inferior epigastric vessels
with every conventional TRAM flap that I elevate.

T h e  P e r f o r a t o r  F l a p
The deep inferior epigastric perforator (DIEP) flap15–17 (Fig 7-4) is a variation of the
free TRAM flap in which the surgeon harvests only the blood vessels that supply the
flap from the abdominal wall (see chapter 10). All of the rectus abdominis muscle, which
is dissected away from the perforating vessels, is left in situ. In raising this flap, all but
two or three perforators to the flap itself must be sacrificed, so the blood supply to the
flap is less robust than that of a standard free TRAM flap.

The DIEP flap may be especially useful for unilateral reconstruction in patients
with very small breasts. In such situations the reduced blood supply to the flap is not
important since only a small amount of tissue will be required to make the breast. It is
also a possible choice for patients with a minimal amount of a potbelly habitus, since
the DIEP flap weakens the abdominal wall much less than a standard free TRAM flap
(although such patients are far from ideal candidates for any type of TRAM flap and
might be better candidates for extended latissimus dorsi flaps or other techniques).

Because the DIEP flap has so little donor site morbidity, it should also be con-
sidered in many cases of bilateral reconstruction. The reduced donor site morbidity,
however, is offset by the length and complexity of the procedure and by the fact that
reducing the number of perforators to the flap reduces the flap’s blood supply, increasing
the risks of partial flap loss and fat necrosis. At the time of this writing, my own pref-
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erence is to consider the DIEP flap for bilateral reconstruction only in athletic patients
who are especially concerned about maintaining a strong abdomen. In such patients, I
examine the anatomic distribution of the perforating blood vessels as I elevate the flaps
(Fig 7-5). If on each side there is one very large dominant perforator or a distinct lat-
eral row of two large perforators, I will probably perform bilateral perforator flaps. If
the perforators are all grouped together medially, standard free TRAM flaps will leave
a donor site that is easily closed, even bilaterally, and remains the preferred alternative.
In most cases, bilateral free TRAM flaps are still the best choice since they are techni-
cally easier than the perforator flaps and the operating time is so much shorter.
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FIG. 7-4 DIEP flap.

FIG. 7-5 Perforating blood vessels entering a TRAM flap from the rectus abdominis sheath.
In some patients, these can be easily exposed with careful dissection, facilitating selection of the
technique to be used based on the vascular anatomy.



S p e c i a l  S i t u a t i o n s

O b e s e  P a t i e n t s
Patients who are extremely obese (those with a weight/height index—body weight in
kilograms divided by height in meters—greater than 54, or those who have a large,
overhanging panniculus adiposus) should not have a TRAM flap because the incidence
of complications is very high and the aesthetic results that can be obtained are usually
limited by the patient’s overall poor body appearance. The length of time required for
the surgery and the risk of complications are almost linear functions of the degree of
obesity7 and are therefore unacceptably elevated in such patients. Patients who are obese
can be good candidates, however, for reconstruction with an extended latissimus dorsi
myocutaneous flap.18 In obese patients there is usually abundant subcutaneous tissue
in the back, allowing reconstruction of a reasonably large breast. Although the size of
the breast achieved in this way may not reach the proportions of its opposite counter-
part (Fig 7-6), the opposite breast is often overly large and will benefit from any breast
reduction that is required to achieve symmetry.

Although the TRAM flap is contraindicated in extremely obese patients, moder-
ately obese patients can get quite good results from a TRAM flap if the surgeon is will-
ing to perform the additional work that is required (Figs 7-7 and 7-8). The surgical
procedure itself is more lengthy in obese patients because of the effort required to dis-
sect through thick layers of fat and because the anatomy is obscured by adipose tissue
surrounding the blood vessels and other structures—tissues that must be retracted or
removed during the dissection. Transferring and shaping the flap are also more diffi-
cult because the flap is heavier and more unwieldy, and cannot be folded. Complica-
tions are more frequent and revisions are necessary more often. If a free TRAM flap is
used, the risk of flap loss is higher than it is in thinner patients. Nevertheless, excellent
results can be obtained in moderately obese patients if the patient is motivated and the
surgeon perseveres.
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FIG. 7-6 Patient before (A) and after (B) delayed breast reconstruction with an extended latissimus dorsi flap. A reduction
mammaplasty was performed on the opposite side. (C) The donor site scar.

A B C



Special Situations 75

FIG. 7-7 Result of an immediate free TRAM flap breast reconstruction in an obese patient.

FIG. 7-8 Result of bilateral free TRAM flap breast reconstruction in an obese patient.



A potbelly habitus (Fig 7-9) is a strong relative (if mild) or an absolute (if severe
in degree) contraindication to a unilateral TRAM flap and an absolute contraindication
to a double-pedicled or bilateral TRAM flap. In such patients, the excess fat is con-
tained within the abdominal cavity and is not transferred to the chest wall as it would
be in patients with a normal female body habitus. Consequently, the size of the re-
constructed breast that can be achieved is limited. More important, the excess intraab-
dominal fat will push outward against the repaired abdominal wall and can lead to her-
nia formation if the fascia is not very strong. Standard TRAM flaps should therefore
be avoided in such patients. Patients with a potbelly habitus can have reconstruction
with a DIEP flap, but the amount of tissue that can be obtained is still limited. The
best option in patients with a potbelly habitus is therefore an extended latissimus dorsi
flap or a gluteal free flap, provided the patient is a suitable candidate for those proce-
dures.

U n i l a t e r a l  R e c o n s t r u c t i o n  o f  V e r y  S m a l l  B r e a s t s
Patients who require unilateral reconstruction of a very small breast can certainly un-
dergo TRAM flap breast reconstruction safely. In fact, small-breasted patients are usu-
ally also thin patients—patients who are excellent surgical candidates, recover rapidly
from surgery, and have unusually low complication rates.
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FIG. 7-9 (A, B) Patient with a potbelly habitus who subsequently underwent delayed bilateral
breast reconstruction with DIEP flaps. This patient was not a candidate for bilateral TRAM
flaps. (From Reece GP, Kroll SS. Clin Plast Surg. 1998;25:235–249. Used with permission.)
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Nevertheless, patients with very small breasts are not always ideal candidates for
unilateral reconstruction with TRAM flaps. With a TRAM flap, it is difficult to make
the reconstructed breast mound very small. Multiple revisions are often necessary to
achieve symmetry (unless the reconstruction is bilateral, in which case symmetry is eas-
ily achieved and the size of the breast is not an issue) or the patient chooses to undergo
augmentation of the opposite breast. Often the surgeon has the impression that a TRAM
flap in such patients is a “long run for a short slide,” requiring a large effort to create
a breast mound only to end up having to throw most of it away.

One good solution to this problem is to use an extended latissimus dorsi flap.
Even in thin patients, this technique us capable of creating a breast that is large enough
to match a very small breast. This is usually possible without requiring a fleur-de-lis
pattern, so only a linear scar is created on the back (Fig 7-10). The extended latissimus
dorsi flap requires a simpler and shorter operation than the TRAM flap, has less oper-
ative risk, and requires a shorter hospital stay. For many patients, this is a good com-
promise that will create an adequate breast without resorting to the use of an implant.

Another solution to the problem of reconstructing a very small breast in a patient
who will not accept a donor site scar on the back is a DIEP flap. Although this is not
a simpler operation, it does have less donor site morbidity than the standard TRAM
flap. Also, because there is no muscle included with the flap and because the location
of the vascular supply is precisely known, reducing the volume of a perforator flap is
easier than with a standard free TRAM flap. For a small-breasted patient who does not
desire contralateral augmentation, and who refuses the extended latissimus dorsi flap, a
DIEP flap may well be the technique of choice.

B i l a t e r a l  B r e a s t  R e c o n s t r u c t i o n
Bilateral breast reconstruction can be performed with conventional TRAM flaps, free
TRAM flaps, DIEP flaps, or extended latissimus dorsi flaps. All of these can be per-
formed bilaterally in one operation. Free gluteal flaps19–21 or Rubens fat pad flaps22 can
also be performed bilaterally in one operation, but the time required can be excessively
long; since these operations (unlike the TRAM flap) can be performed on each side in-
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FIG. 7-10 (A) Patient with very small breasts presented for immediate unilateral reconstruction. (B) Result of right breast re-
construction with an extended latissimus dorsi flap. (C) The donor site scar.
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dependently, I would prefer to do them in two operative sessions. In this way, the sur-
gical team is not excessively fatigued by the tissue transfer, and sufficient attention can
be paid to the breast shaping and other artistic aspects of the reconstruction. Fortu-
nately, the need to perform bilateral reconstruction with alternative flaps arises only very
rarely.

A l t e r n a t i v e s  W h e n  a  T R A M  F l a p  I s  N o t  P o s s i b l e
If the patient has had a previous TRAM flap or abdominoplasty or if a TRAM flap is
contraindicated for other reasons, another technique must be selected. The simplest al-
ternative, for patients who do not object to a donor site scar on the back, is an extended
latissimus dorsi flap.18 If the patient objects to that scar or if there is insufficient tissue
or laxity in the back, a gluteal free flap19,20 or the Rubens fat pad free flap22 should be
considered. These operations (described in other chapters) are more technically diffi-
cult than the TRAM flap, but the donor site scars are acceptable and excellent results
can be obtained.

When a TRAM flap is not possible, I prefer to examine the patient to see if one
of these three alternatives is particularly appropriate. For example, some patients have
unusually large buttocks and are therefore especially good candidates for a gluteal flap,
while others have lax dorsal skin that lends itself to use in an extended latissimus dorsi
flap. If there is no clear preference for one method based on the patient’s individual
anatomy, I let the patient decide for herself which donor site she would prefer.

Although some surgeons have reported good results from lateral thigh flaps, I be-
lieve that in the majority of cases the donor site scar is unacceptable; therefore, I do not
use this technique. Similarly, although excellent results can be obtained with the supe-
rior gluteal free flap21 (see chapter 13), this flap requires a vein graft in most cases and
therefore I no longer use it. The donor site and flap characteristics are similar to those
of the inferior gluteal flap, which usually does not require a vein graft. I will, however,
consider using a superior gluteal artery perforator flap, since this usually does not re-
quire a vein graft.

A l g o r i t h m s  f o r  C h o o s i n g  t h e  
M o s t  A p p r o p r i a t e  T e c h n i q u e
Each surgeon has different abilities, and each hospital has different attributes. Just as
no one technique is best for all patients, no algorithm is right for every surgeon or every
environment. The algorithms that are presented here (Figs 7-11 and 7-12) work well
for me at The University of Texas M. D. Anderson Cancer Center but might not be
appropriate for other surgeons in other situations. These algorithms are therefore pre-
sented only as a rough guide, to be modified as necessary to fit individual circumstances.

If the patient who requests breast reconstruction is physiologically older than 65
years, is in poor health, or has a dismal tumor prognosis, she is considered a candidate
for implant-based reconstruction (or for no reconstruction at all). If she refuses recon-
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FIG. 7-11 Algorithm for choosing a technique for unilateral breast reconstruction. This algo-
rithm may have to be modified for each surgeon based on his or her individual circumstances.

FIG. 7-12 Algorithm for choosing a technique for bilateral breast reconstruction. This algo-
rithm may have to be modified for each surgeon based on his or her individual circumstances.



struction with an implant and insists on undergoing reconstruction, or has a contralat-
eral breast that could not be matched with an implant, an extended latissimus dorsi flap
may be chosen.

In all other circumstances, the patient is considered a candidate for autologous tis-
sue reconstruction, usually with a TRAM or DIEP flap. For unilateral reconstruction,
the patient will be reconstructed with a free TRAM flap unless she is overly obese, has
very small breasts, or has already had a previous TRAM flap or abdominoplasty. If the
patient is extremely obese or has a potbelly, the extended latissimus dorsi flap is usu-
ally the technique of choice. If the breasts are unusually small, an extended latissimus
dorsi flap or a DIEP flap is chosen. If a previous abdominoplasty or TRAM flap makes
TRAM flap reconstruction impossible, the patient is reconstructed either with an ex-
tended latissimus dorsi flap, a Rubens fat pad free flap, or a gluteal free flap, depend-
ing on the patient’s anatomy and preferences.

For bilateral reconstruction, good surgical candidates who are moderately obese
usually have reconstruction with bilateral free TRAM flaps. If the patient is not obese,
free TRAM flaps or DIEP flaps are considered, depending on the vascular anatomy and
individual circumstances. If the patient is very thin, preoperative breast size is irrelevant
(since the original breasts do not have to be matched) and bilateral extended free TRAM
flaps (see chapters 6 and 9) are used. If the patient is very obese, bilateral extended latis-
simus dorsi flaps are used to avoid an overly prolonged operation and the very high com-
plication rates associated with TRAM flaps in such patients. If the patient is a marginal
candidate for autologous tissue reconstruction, bilateral implant-based reconstruction
may be selected in some circumstances, since moderate degrees of capsular contracture
are likely to be symmetric and a natural ptotic breast does not have to be matched.
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Conventional (Pedicled) 
TRAM Flap8

A d v a n t a g e s  o f  t h e  
C o n v e n t i o n a l  T R A M  F l a p
The conventional (pedicled) transverse rectus abdominis myocutaneous (CTRAM) flap
was the first truly effective method of autologous tissue breast reconstruction,1–3 and
even today it remains the most commonly used technique of autologous tissue breast
reconstruction in the world. Unlike the free TRAM flap, the CTRAM flap does not
require microsurgical training or equipment and therefore can be performed in almost
any hospital capable of major surgery. The technique does not require the presence of
recipient blood vessels, so it is not hindered by scarring from previous surgery in the
axilla. With proper patient selection, it has a high success rate and is capable of achiev-
ing excellent results (Figs 8-1 and 8-2), although the percentage of cases in which ex-
cellent results are achieved is slightly lower than that obtainable with the free TRAM
flap.4

The CTRAM flap takes slightly less time to perform than the free TRAM flap
and is slightly less expensive.5 Intensive postoperative flap monitoring is not required,
so postoperative care is easier. All in all, the CTRAM flap is easier and simpler than the
free TRAM flap.

D i s a d v a n t a g e s  o f  t h e  
C o n v e n t i o n a l  T R A M  F l a p
The CTRAM flap also has several disadvantages. It does not have as good a blood sup-
ply as does the free TRAM flap.6 The CTRAM flap therefore does not work as well in
patients who smoke unless the blood supply of the flap is augmented by “supercharg-



ing” the flap7 (performing an auxiliary microvascular anastomosis to supplement its
blood supply), delaying it8 (by performing a flap delay procedure), or using a double-
pedicle technique.9,10 Because of the CTRAM flap’s less robust blood supply, partial
flap necrosis and fat necrosis are more common than after a free TRAM flap. Because
of partial flap loss and because the CTRAM flap cannot be manipulated as freely as a
free flap, the aesthetic results tend not to be quite as good as those attainable with the
free TRAM flap.4

The CTRAM flap requires sacrifice of much more muscle than the free TRAM
flap does.11 Consequently, postoperative pain is greater, and recovery from the surgery
is slower. After recovery, patients who have had CTRAM flaps (especially bilateral ones)
have a weaker abdomen than do those who have had free TRAM flaps and are less likely
to be able to perform situps.12 Also, a previous cholecystectomy or splenectomy may
have divided the upper rectus abdominis muscle, precluding elevation of a CTRAM
flap on that side.

In general, the free TRAM flap (discussed in detail in chapter 9) is more versa-
tile and is preferable for most patients, provided the surgeon has the requisite equip-
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FIG. 8-1 Result of immediate breast reconstruction with
a conventional TRAM flap.

FIG. 8-2 Result of bilateral immediate breast reconstruc-
tion with conventional TRAM flaps. (From Kroll SS. Plast
Reconstr Surg. 1994;94:637. Used with permission.)



ment, help, and experience. Nevertheless, it must be clearly understood that the dif-
ferences between the two methods are not great. The CTRAM flap remains an ex-
cellent technique and is capable of achieving outstanding results in properly selected
patients.

D o u b l e - P e d i c l e d  T R A M  F l a p
For unilateral breast reconstruction, one way of improving a CTRAM flap’s blood sup-
ply is to use two pedicles9,10 (Fig 8-3). When both rectus abdominis muscles are used
for one flap, the blood supply to that flap is essentially doubled. This modification re-
duces the incidence of partial flap and fat necrosis and facilitates successful breast re-
construction in patients who smoke.

Unfortunately, harvesting both rectus abdominis muscles in this way also greatly
increases the donor site morbidity. Because twice as much muscle is sacrificed, the ab-
dominal wall is significantly weakened. Only 27% of patients are subsequently able to
perform situps. Because more fascia must be harvested, the abdominal closure is tighter
and patients have more postoperative pain. Recovery from the surgery is more difficult
and takes longer than after a single-pedicled flap. The use of synthetic mesh for rein-
forcement of the abdominal wall is more likely to be necessary, and postoperative her-
nias are more difficult to repair.

For these reasons, the double-pedicled CTRAM flap is no longer as popular as
it once was and, in our institution, it is rarely, if ever, considered the method of
choice.

Double-Pedicled TRAM Flap 85

FIG. 8-3 Double-pedicled TRAM flap. Both rectus abdominis muscles are mobilized (and sac-
rificed), weakening the abdominal wall.



D e l a y e d  T R A M  F l a p
Another way to improve the blood supply to a CTRAM flap is to perform a flap de-
lay.8 By partially elevating the flap and by dividing the deep inferior epigastric artery
and vein, blood flow through the superior epigastric vessels is increased. After 7 to 14
days, the TRAM flap can be elevated and transferred with a much reduced risk of par-
tial flap loss.

Use of the delayed TRAM flap has the advantage of extending the usefulness of
the CTRAM flap to patients who smoke. It has the disadvantage, however, of requiring
an extra surgical procedure under general anesthesia. The flap delay also increases the
duration of hospital stay, and increases expense. Finally, it destroys the option of “su-
percharging” the flap, should that prove to be necessary. For this reason, flap delay is
not particularly popular with surgeons who have the capability of performing microvas-
cular surgery, and I do not use it. It is an attractive option, however, for surgeons who
rarely perform free flaps. For those surgeons, flap delay is believed to be a useful and ef-
fective strategy for improving the blood supply of the CTRAM flap.

P a t i e n t  S e l e c t i o n
Patient selection is very important to the success of breast reconstruction with CTRAM
flaps. The ideal patient is not obese but has sufficient abdominal fat to allow breast re-
construction without extending or folding the flap. She does not smoke10 and has not
smoked in the past. She has no upper abdominal scars that would interfere with flap
elevation and no midline scars to prevent use of tissue across the midline. Patients who
meet these criteria usually do quite well with a single-pedicled CTRAM flap, with good
results obtained in most cases.

Patients who are not ideal candidates can also have successful reconstruction with
CTRAM flaps, but it may be necessary to modify the technique. For current or former
smokers, delaying the flap or supercharging can be very effective. For surgeons who are
trained in microsurgery, supercharging the flap can be an ideal option. The surgeon
raises the CTRAM flap in the usual way except that the deep inferior epigastric vessels
are harvested with the flap (see following chapter). If after flap transfer the flap appears
to have a good blood supply, the auxiliary pedicle is not used and the CTRAM flap is
completed as usual. If the flap blood supply is deemed inadequate, however, the auxil-
iary pedicle can be used to rescue the flap by performing anastomoses with one or both
of the thoracodorsal vessels. This is not only a good way to avoid complications, but
also for surgeons without much microsurgical experience a way to learn how to do free
TRAM flaps.

Although very successful results can be achieved in obese patients (Fig 8-4), these
patients have a greatly increased incidence of complications,10,13 and the time and ef-
fort required from the surgeon are increased. Consequently, extremely obese patients
are not good candidates for TRAM flap breast reconstruction. Fortunately, such pa-
tients can be excellent candidates for extended latissimus dorsi flaps14 (see chapter 12).
The patient’s obesity can be assessed by dividing the patient’s weight in kilograms by
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her height in meters to obtain a weight/height index. If this index is less than 50, the
patient is usually accepted for a TRAM flap at our institution. If the index is greater
than 54, the patient is rejected or advised to lose weight before a TRAM flap is con-
sidered. If the index falls between these two numbers, other considerations such as pre-
vious surgery, smoking, age, and general health are considered before a decision is made.

If the patient is unusually thin and does not have enough subcutaneous tissue to
reconstruct a breast with a standard CTRAM flap, she may be considered for an ex-
tended free TRAM flap (see chapters 6 and 9).

D e s i g n i n g  t h e  F l a p
The flap is designed with the patient in the standing position. The surgeon attempts
to make the two sides of the flap symmetric. If possible, the lateral tips of the flap are
placed adjacent to concavities in the patient’s contour (Fig 8-5) to minimize postoper-
ative formation of “dog-ears.”
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FIG. 8-4 Result of immediate conventional TRAM flap breast reconstruction in an obese pa-
tient. Despite the obesity, the result is good.



The flap pattern should maximally capture the “perforator area” near the umbilicus
(surrounded by a dotted line in Fig 8-5B) where most perforating vessels from the rectus
abdominis muscle enter the flap. For this reason, the upper border of the flap should be
located just above the umbilicus. This creates a defect in the flap where the umbilicus
was but reduces the amount of tissue inferiorly where blood supply is more precarious.

In a delayed breast reconstruction, because skin that overlies the “tunnel” in the
epigastric region will be pulled inferiorly when the TRAM flap donor site is closed, the
inframammary fold should be designed 2.5 cm higher than that of the contralateral
breast. In an immediate reconstruction, the inframammary fold is not designed by the
plastic surgeon, so this aspect of flap design is ignored.

E l e v a t i n g  t h e  A b d o m i n o p l a s t y  F l a p
The first step in raising the TRAM flap is to dissect an abdominoplasty-type flap su-
periorly, exposing the rectus sheaths bilaterally and setting the stage for dissection of
the tunnel that will connect the abdominal and chest wall dissections. In elevating this
abdominoplasty flap, the surgeon must remember that its blood supply will come from
lateral perforating vessels; therefore, if the dissection is too wide, abdominoplasty flap
edge necrosis can occur in the midline. It is best to limit the initial dissection to only
that portion of the flap overlying the rectus abdominis muscles (Fig 8-6). During skin
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FIG. 8-5 (A) Design of conventional TRAM flap to be used for delayed breast reconstruction. (B) Dotted circle shows where
the most important perforators are located. (C) Result of the reconstruction.
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closure, provided that good capillary refill is present in the lower midline flap skin, ad-
ditional dissection can be performed if necessary to facilitate the closure. It is not nec-
essary, however, to release all abdominal tension lines by wide undermining since they
will usually disappear spontaneously over time.

The flap should be raised in the plane between the subcutaneous fat and the fas-
cia to allow good visualization of the fascia and facilitate its later repair. If fat is left on
the fascia in an attempt to protect the rectus abdominis sheath from injury, subsequent
repair will be more difficult and may be inaccurate, leading to possible errors and for-
mation of a bulge or hernia.

E l e v a t i n g  t h e  T R A M  F l a p
The TRAM flap is elevated on each side from lateral to medial, with the surgeon look-
ing for the lateral row of perforating vessels entering the flap from the rectus abdominis
sheath. I prefer to perform this dissection with electrocautery, which allows better 
visualization of the anatomy. Usually, a V-shaped split in the fascia (Fig 8-7) will be
visible just lateral to each perforating vessel, allowing the vessels to be located without
injuring them.
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FIG. 8-6 In developing the abdominoplasty flap, only the shaded area (overlying the two rec-
tus abdominis sheaths) should be undermined.



The perforating lateral vessels almost always form a neat vertical row that curves
medially as it progresses inferiorly (Fig 8-8). This relationship facilitates identification
of all the perforators once the first one is located. In the CTRAM flap, all the perfora-
tors are generally included to maximize flap perfusion, although the most inferior one
is actually expendable since it usually is not directly connected to the epigastric vascu-
lar system.

The rectus abdominis sheath is incised 2 or 3 mm lateral to the row of perfora-
tors on the side chosen to form the pedicle, and the fascia is reflected laterally to ex-
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FIG. 8-7 Close-up of a perforating vessel (double arrows), showing the V-shaped split in the
fascia (arrow) that is often present laterally.

FIG. 8-8 Lateral row of perforators. This row is almost always present and forms a gently curved
line.



pose the underlying muscle. The muscle is then harvested in its entirety or split, ac-
cording to the preferences of the surgeon.

S p l i t t i n g  t h e  M u s c l e
Harvesting the entire width of the rectus abdominis muscle is the easiest way to elevate
a TRAM flap and provides the maximum blood supply to the flap. To do this, the sur-
geon simply dissects around the lateral border of the muscle, ligating and dividing the
intercostal vessels and nerves as they enter the muscle laterally while the dissection pro-
ceeds superiorly.

It is possible, however, to leave much of the rectus abdominis muscle in situ, split-
ting the muscle and using only the central part of it to carry blood to the flap. Although
there are no data to prove this, many surgeons (including myself ) believe that this ap-
proach is less harmful to the donor site.

To split the muscle, I like to penetrate it with a hemostat approximately 1.5 cm
lateral to the row of perforators and several centimeters below the umbilicus, gently
spreading the hemostat and looking for blood vessels or underlying fascia (Fig 8-9). If
blood vessels are encountered just beneath the tips of the hemostat, it is withdrawn and
another try made more laterally. If fascia is seen, the muscle is grasped with a Babcock
clamp (which is relatively atraumatic) on either side of the penetration. The muscle is
then lifted up and a careful examination made of the area beneath it, looking for the
deep inferior epigastric vessels. Palpation of the muscle between its deep and superfi-
cial surfaces can be useful in locating the deep inferior epigastric artery if it is not im-
mediately visible.

Once the vessels are located, a decision about where to split the muscle is made.
If a site different from the existing penetration is desired, a new penetration is made

Splitting the Muscle 91

FIG. 8-9 Penetrating the muscle with a hemostat lateral to the perforators. This must be done
gently to avoid bleeding.



with a hemostat. Otherwise, the existing opening is enlarged superiorly and inferiorly,
obtaining meticulous hemostasis with bipolar electrocautery.

I prefer to dissect the deep inferior epigastric vessels all the way to their origin (as
for a free TRAM flap; see chapter 9), harvesting them with the flap so that it can be
“supercharged” if necessary. Other surgeons, especially those who do not perform mi-
crosurgery, may prefer to ligate and divide the vessels when they are first seen.

The muscle-splitting incision should curve laterally to widen the muscle pedicle
almost to the full width of the muscle near the umbilicus, including more arteriolar
connections between the inferior and superior epigastric systems (Fig. 8-10). Once this
“choke area” is passed, the muscle pedicle can be narrowed again as it approaches the
costal margin. After the dissection passes the costal margin, the muscular pedicle can
be narrowed radically to minimize the epigastric bulge that would otherwise be pre-
sent. The superior epigastric vessels should be identified where they exit between the
xiphoid and the costal margin. Any vascular connections between the superior epigas-
tric vessels and the costal marginal vessels must be divided if they interfere in any way
with flap rotation, and visualizing the superior epigastric vessels makes that much eas-
ier and safer.
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FIG. 8-10 Muscle-splitting incision. The muscle pedicle should be widest at the “choke area”
just above the umbilicus, where the connections between the inferior and superior epigastric sys-
tems can consist only of capillaries.



The preservation of muscle medially is of debatable benefit, since any preserved
muscle will be denervated and nonfunctional. Nevertheless, many surgeons (including
myself ) do it. Before preserving muscle medially, however, the surgeon should locate
the superior epigastric artery (by palpation with a finger or with a hand-held Doppler).
A medial muscle-splitting incision should be made only after the vessels have been pos-
itively identified, because the benefits of medial preservation are questionable and jus-
tify only the most minimal of risks.

C r e a t i n g  t h e  T u n n e l
The surgeon must create a tunnel that is wide enough to allow free passage of the flap
but is narrow enough to distort the inframammary fold only minimally. This can be
accomplished by directing the tunnel more medially (in part under the opposite breast)
and entering the pocket left by removal of the breast from the medial direction (Fig 
8-11). A good rule of thumb is that the tunnel should be wide enough to allow pas-
sage of the surgeon’s fist. If the flap is unusually large and a wider tunnel must be cre-
ated that destroys the inframammary fold, the fold can be partially restored with su-
tures after the flap has been transferred. The tunnel should be left wide enough, however,
to prevent any pinching or kinking of the flap pedicle.
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FIG. 8-11 Tunnel between the abdominal and breast pocket dissections. The tunnel should
be central and should enter the breast pocket from the medial direction to avoid excessively dis-
turbing the inframammary fold.



The surgeon should try to limit tunnel dissection to only what is required for safe
passage of the flap. A more extensive tunnel dissection not only deforms the infra-
mammary fold but also can interfere with blood supply to the abdominoplasty flap. In
patients who smoke, extensive tunnel dissection combined with a wide lateral dissec-
tion can lead to ischemia of the abdominoplasty flap and extensive necrosis (Fig 8-12).

T r a n s f e r r i n g  t h e  F l a p
When transferring the flap through the tunnel, the surgeon must make certain that the
pedicle is not twisted. This is best accomplished by attaching an Allis clamp to the con-
tralateral flap tip and then passing the clamp through the tunnel with the flap trailing
behind it. The surgeon uses a mixture of pulling, pushing, and back-and-forth rocking
to pass the flap through. The clamp serves to orient the flap so that it is not inadver-
tently twisted and provides a handle for pulling the flap through the tunnel. If the tun-
nel is too tight, the flap is withdrawn and the tunnel enlarged before another attempt
at flap transfer is made.
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FIG. 8-12 Example of severe abdominoplasty flap edge necrosis after bilateral conventional
TRAM breast reconstruction in a patient who smoked heavily. (From Kroll SS. Plast Reconstr
Surg. 1994;94:637. Used with permission.)



After the flap has been transferred (Fig 8-13), the pedicle should be examined to
make sure it is not kinked or otherwise impeded. If a vessel branch is restricting or kink-
ing the pedicle, the branch should be clipped and divided.

C l o s i n g  t h e  D o n o r  S i t e  D e f e c t
After the flap has been transferred, the next step is closure of the fascial donor site de-
fect. This step is performed immediately after flap transfer to give the flap time to ad-
just to its new position before assessing its viability. Viability should be assessed after
the donor site is repaired because a tight donor site closure can affect the pedicle and
blood supply of the flap.

Fascial donor site repair is one of the most important parts of the TRAM flap op-
eration. If the repair is performed incorrectly, an abdominal bulge or hernia will oc-
cur.15 The key to a successful repair is to attach strong lateral fascia (internal oblique
fascia) to strong media fascia (midline fascia deep to the linea alba) with strong sutures.
Any fascial repair technique that does this will be successful.16

I prefer to attach the internal oblique fascia to the midline fascia with a running su-
ture of No. 1 Novafil (polyethylene) (Fig 8-14). It is essential to make sure that each su-
ture does in fact contain the fascia that is required. Laterally, the internal oblique fascia
is visible, and the surgeon needs merely to identify it and include it in each stitch. Me-
dially, to include the midline fascia deep to the linea alba, the point of the needle is in-
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FIG. 8-13 (A) Double-pedicled CTRAM flap just prior to transfer. (C) The flap immediately
after transfer through the tunnel between the abdomen and the breast.
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serted into the posterior rectus sheath close to its medial border and then exits from the
anterior sheath. In that way, the medial reflection and the midline fascia should always
be included. Even so, the quality of each suture bite should be tested for strength and se-
curity by tugging on the needle while it remains in the tissue. The fascial closure is con-
tinued superiorly until 1 or 2 cm below the xiphoid. The remaining anterior rectus ab-
dominis sheath is then left open to allow unimpeded passage of the vascular pedicle.

After the running suture has been securely tied and the knot buried so that it will
not be palpable through the skin, a second layer of No. 1 Novafil encompassing all lay-
ers of the rectus abdominis sheath is placed to reinforce the closure. A similar running
suture is used on the contralateral side to plicate the fascia and move the umbilicus
closer to the midline (Fig 8-15). Again, the knots should be buried.

After the fascial donor site defect has been closed, a suction drain is inserted in
the abdomen and passed out through a small stab wound in the mons pubis. The table
is then flexed and towel clips are used to close the abdominal wound temporarily.

For reconstruction of the navel, the umbilicus is located by palpation, and a new
horizontal opening is made in the skin for it. It is best to limit this horizontal opening
to 1.5 cm or less, to keep the reconstructed umbilicus inconspicuous. The towel clips
are then released, and some fat is removed from the area under the new opening for
the umbilicus. If the patient is at all obese, the fat in the midline is thinned with scis-
sors to simulate the presence of a median raphe. Hemostasis is then obtained with elec-
trocautery. Next, the umbilicus is tacked over to the midline with a 3-0 Vicryl (poly-
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FIG. 8-14 Drawing (A) and photo (B) of fascial donor site re-
pair. The internal oblique fascia is the strongest lateral layer,
and it must be sutured to the midline fascia deep to the linea
alba.A
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galactin 910) suture, and three sutures are placed to attach the umbilicus to the deep
fascia and to the skin (Fig 8-16). These sutures, when they are eventually tied, will in-
vert the umbilicus, making it less conspicuous and giving it an illusion of normalcy.

With the table still flexed, excess fat is trimmed and Scarpa’s fascia is then repaired
with interrupted sutures of 2-0 Vicryl. As in an abdominoplasty, the abdominal flap
may need to be advanced medially to reduce the lateral dog-ears. If dog-ears are pre-
sent despite this, the incisions are extended laterally, and additional skin is removed un-
til the dog-ears are fully corrected. It is important to correct the dog-ears completely
because this is far easier to do in the operating room than it will be later on in the clinic
and because despite wishful thinking, the dog-ears rarely will disappear spontaneously.

The skin is then closed with buried dermal sutures of 3-0 Vicryl and with running
subcuticular sutures of 3-0 Prolene (polypropylene). The previously placed umbilical su-
tures are tied, and the remaining umbilical wound is repaired with 4-0 chromic sutures.

T r i m m i n g  t h e  F l a p
After the flap is transferred, it is trimmed to the approximate size required. It is then
loosely inset, and additional trimming is performed until the volume of the opposite
breast is matched as closely as possible. For the flap to remain viable, the surgeon should
see bright red bleeding from all flap edges immediately after they are trimmed. If only
dark blood is seen initially, even if the bleeding turns a brighter red later, the flap will
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FIG. 8-15 (A) Fascial defect from a single-
pedicled CTRAM flap. (B) After closure of the
fascial defect, a plan for plication of the con-
tralateral side is drawn with methylene blue
dye. The plication should extend superiorly as
far as the xiphoid. (C) After the plication, the
umbilicus has been brought back almost to the
midline.
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probably not survive in its entirety and supercharging will be necessary to achieve a suc-
cessful outcome.

S u p e r c h a r g i n g  t h e  F l a p
“Supercharging” of the TRAM flap is here defined as augmenting the flap’s blood sup-
ply by performing auxiliary microvascular anastomoses7 between the deep inferior epi-
gastric vessels and either the internal mammary vessels or branches of the subscapular
vascular system (see chapter 9). Supercharging is possible only if the deep inferior epi-
gastric vessels have been elevated with the flap. In my practice, I routinely harvest these
vessels whenever I perform a CTRAM flap because I have found it impossible to pre-
dict preoperatively which flaps will need to be supercharged.
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FIG. 8-16 (A) Umbilical tacking sutures are used to invert the umbilicus and attach it to the deep fascia to make it less con-
spicuous. (B) Sutures have been placed but not tightened. (C) As the sutures are tightened, the abdominal skin surrounding the
umbilicus is drawn down to the fascia.
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Supercharging is effective in salvaging a poorly perfusing CTRAM flap and is also
good training for surgeons who wish to progress to the use of the free TRAM flap. It
is not always necessary to perform anastomoses of both the artery and the vein. If only
a venous recipient vessel is available (a situation that may occur after a radical mastec-
tomy, when the only available recipient vessel may be the axillary vein), a venous anas-
tomosis may be enough to effectively rescue the flap. Success in this situation can be
gauged by a return to normal color and bright red bleeding from the flap edges after
the venous anastomosis has been completed. If both a recipient artery and vein are avail-
able, however, I generally perform an anastomosis to each vessel, since the microscope
and instruments have already been mobilized and the extra time required to perform
the second anastomosis is therefore minimal.

Since I began performing free TRAM flaps, I have found that my tolerance for
marginally adequate flap perfusion has decreased, and I find myself supercharging most
of the (few) CTRAM flaps that I still do. I have never been sorry that I supercharged
a CTRAM flap but there are several flaps that I did not supercharge that I wish I had.

I n s e t t i n g  t h e  F l a p
Once the flap has been successfully transferred and the blood supply has been deemed
adequate, the flap is shaped and sutured to the edges of the surrounding defect as de-
scribed in chapters 16 through 18. The tunnel should then be checked to make sure
that the pedicle is not twisted or pinched. If the inframammary fold has been exces-
sively released, sutures are placed to restore it medially, with care taken to avoid com-
promising the flap pedicle. A suction drain is then placed in the axilla. I close the skin
with buried dermal 3-0 Vicryl sutures, and then a running subcuticular 3-0 prolene su-
ture; but any suitable skin closure technique can be used.

The most important points in finishing the CTRAM flap are to achieve the proper
shape and volume and to be sure that the flap perfusion is adequate. If the surgeon sus-
pects that the flap perfusion is insufficient, flap supercharging should be performed if at
all possible to minimize the risk of flap necrosis and to avoid compromising the result.

S u m m a r y
The CTRAM flap was the first truly successful method of autologous tissue breast re-
construction and remains a very acceptable alternative for patients who are in good
health, do not smoke, and are not excessively obese. It is the best choice for surgeons
who do not perform microvascular surgery or who are in environments where the free
TRAM flap is not practical. For patients who smoke, the CTRAM flap should be aug-
mented in some way to increase flap blood supply—either by delaying the flap, using
two pedicles, or supercharging it.

The CTRAM flap can be highly successful in creating a soft, natural-looking breast
mound. All the good that results, however, can be spoiled if an unrepairable abdomi-
nal wall hernia occurs. Prevention is the best cure. Only the fascia that is required to
maintain flap blood supply should be harvested, and no more. A secure repair that at-
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taches the internal oblique fascia to the strong midline fascia deep to the linea alba
should be performed with a heavy (No. 1) permanent running suture. If this is done,
abdominal wall hernias will be rare and can be easily corrected when they do occur,
and unfortunate outcomes of TRAM flap surgery will be uncommon.
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Free TRAM 
Flap9

A d v a n t a g e s  o f  t h e  F r e e  T R A M  F l a p

S
ince 1991, the free transverse rectus abdominis myocutaneous (TRAM) flap has
become the most popular method of breast reconstruction at The University of
Texas M. D. Anderson Cancer Center because it has a low failure rate and mini-
mal donor site morbidity, and achieves aesthetically successful results in a high pro-

portion of cases.1,2 Compared with some of the alternative autologous tissue flaps, the
free TRAM flap is technically simple and can be executed fairly quickly. It can be used
in the overwhelming majority of patients, and for patients who are suitable candidates,
the free TRAM flap is almost always the first choice.

Compared to the conventional TRAM (CTRAM) flap,3,4 the free TRAM flap re-
quires less sacrifice of donor site muscle (Fig 9-1) and therefore weakens the abdomen less.
It does not require sacrifice of any muscle from the upper abdomen, so donor site pain is
reduced and recovery is easier and more rapid. Patients return to work earlier and are more
likely to be able to do abdominal exercises when their convalescence has been completed.

The free TRAM flap has a better blood supply than the CTRAM flap5 and is less likely
to suffer from partial flap loss or fat necrosis. Because of the better blood supply, the surgeon
can be more aggressive about folding, trimming, or otherwise shaping the free TRAM flap.
Moreover, secondary revision is easier because the main blood supply to the flap comes from
above so that standard breast reduction techniques can be used to reshape the breast mound.
Consequently, the aesthetic results tend to be better with the free TRAM flap, although the
results of CTRAM flap breast reconstruction in selected patients can be quite good.

D i s a d v a n t a g e s  o f  t h e  F r e e  T R A M  F l a p
The free TRAM flap also has some disadvantages. It does require microvascular anas-
tomoses, with all the requirements for adequate training, experience, and equipment
that entails. If an anastomosis fails, the blood supply to the flap is lost and unless the



problem is quickly corrected, the flap will not survive. Emergent exploration of the pedi-
cle of a free TRAM flap is therefore occasionally necessary, sometimes (inconveniently)
in the middle of the night. Despite salvage attempts total loss of the flap can occur and
is more common with the free TRAm flap (1%)6 than with a CTRAM flap (0.5%)
(unpublished results).

To maintain high success rates, the free TRAM flap should be monitored post-
operatively, which requires effort and expense. When flaps must be returned to the op-
erating room for salvage, additional expense is incurred. Because of this, the free TRAM
flap is more expensive in resource costs than the CTRAM flap,7 although the differ-
ence is not great (less than 5%).

P a t i e n t  S e l e c t i o n
Virtually all patients who are candidates for any type of TRAM flap are candidates for
free TRAM flap breast reconstruction. Because of the flap’s excellent blood supply, a
history of smoking is not by itself a contraindication to a free TRAM flap. Although
patients who smoke have a higher incidence of necrosis of secondary flaps (such as the
umbilicus or the abdominoplasty and mastectomy flaps),8 the necrosis is usually minor
and generally heals without additional surgery. Abdominoplasty flap necrosis after a free
TRAM flap is less common (as well as of lesser degree) than after a CTRAM flap, prob-
ably because there is no need to dissect a tunnel to connect the abdominal and breast
pocket dissections, a tunnel that is particularly wide and potentially troublesome in bi-
lateral CTRAM flap reconstruction.

The only patients who should not have a free TRAM flap are (a) those who are
so obese that any type of TRAM flap is contraindicated (those whose weight in kilo-
grams divided by height in meters [weight/height index] is greater than 54),9 (b) those
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FIG. 9-1 Pedicle of a free TRAM flap. Only a minimal amount of muscle tissue has been sac-
rificed. (From Kroll SS. Clin Plast Surg. 1998;25:251–259. Used with permission.)



with a potbelly habitus, and (c) those who have had previous TRAM flap or ab-
dominoplasty and therefore lack the requisite tissue for harvest of a TRAM flap.

D e s i g n i n g  t h e  F l a p
The design of the free TRAM flap is virtually identical to that of a CTRAM flap. The
surgeon tries to hide any lateral dog-ear that will be present after closure of the flap
donor site in a concavity, if one is present (Fig 9-2). As in the CTRAM flap, the con-
tralateral muscle is ordinarily used as the pedicle, giving the flap the transverse orien-
tation on the chest wall (Fig 9-3) that best mimics the shape of a normal mature breast.

If a vertical infraumbilical midline scar is present, the flap should be designed ap-
proximately 6 cm higher than the usual pattern to include some unscarred midline skin
above the umbilicus. This will usually allow sufficient perfusion across the midline to
allow most of the flap to survive, permitting a successful reconstruction (Fig 9-4). The
resulting abdominal donor site scar will be higher and more difficult to conceal, but
most patients consider this an acceptable price for achieving a symmetrical breast mound
reconstruction.

If the patient has had a previous abdominoplasty, TRAM flap breast reconstruc-
tion is precluded. If she has had only a “miniabdominoplasty,” however, reconstruction
with a TRAM flap may still be possible. Review of the previous operative note should
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FIG. 9-2 Design of a free TRAM flap breast reconstruction. The surgeon tries to hide the lat-
eral dog-ear in a concavity, if possible.



be performed to ensure that perforating blood vessels have not been transected above
the umbilicus. The flap must be harvested from the midabdominal region, and careful
preoperative evaluation for the presence of perforators should be performed. If perfo-
rators are found, however, the reconstruction can be successful (Fig 9-5). Again, the ab-
dominal donor site scar will be higher than usual, and the patient must be made aware
of that preoperatively.

E l e v a t i n g  t h e  A b d o m i n o p l a s t y  F l a p
The first step in raising the free TRAM flap is to dissect an abdominoplasty-type flap
superiorly, in a fashion similar to that used in the CTRAM flap but stopping just short
of the xiphoid. As in the CTRAM flap, the dissection should be confined to the area
overlying the rectus abdominis muscles (Fig 9-6) to avoid compromising the blood sup-
ply to the abdominoplasty flap. During skin closure, provided that good capillary refill
is present in the lower midline flap skin, additional dissection can be performed if nec-
essary to facilitate the closure. It is not necessary, however, to release all abdominal ten-
sion lines by wide undermining since they will usually disappear spontaneously over
time.

In more obese patients, beveling of the incision at the superior edge of the TRAM
flap is useful not only to increase flap volume but also to improve the match in thick-
ness between the normally thicker abdominoplasty flap and the abdominal layer at the
inferior edge of the donor site (Fig 9-7). As in the CTRAM flap, the dissection should
be in the plane between the subcutaneous fat and the fascia to allow good visualization
of the fascia and facilitate its later repair.

104 C H A P T E R 9 FREE TRAM FLAP

Flap rotated 180°

Inferior epigastric
artery and vein

Anastomosis to
thoracodorsal artery

FIG. 9-3 The contralateral rectus abdominis muscle is used as a pedicle. This gives the flap a hor-
izontal orientation that mimics the contour of a mature breast.
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FIG. 9-4 (A) Patient with a vertical midline infraumbilical scar requesting immediate breast reconstruction. (B) Plan for a TRAM
flap designed higher than usual to include unscarred midline skin above the umbilicus, which will improve flap perfusion across
the midline. (C) Result of free TRAM flap reconstruction and one revision, prior to areolar tatooing.
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FIG. 9-5 (A) Patient who has had a previous miniabdominoplasty. The perforators normally used for nourishing a TRAM flap
have been destroyed. (B) Plan for the TRAM flap. Perforators have been located and mapped out, and the flap has been designed
at a higher level. (C) The early result, before any revision or nipple reconstruction. Flap transfer was successful and there was no
fat necrosis.
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FIG. 9-6 The abdominoplasty flap dissection should be confined to the area overlying the rec-
tus abdominis muscles, to avoid interrupting lateral perforators and reducing its blood supply.

FIG. 9-7 Drawing of the superior edge of the TRAM flap incision (cephalad is to the right). In all
but thin patients, the superior TRAM flap incision should be beveled to increase the tissue volume
of the TRAM flap and to better match the abdominoplasty flap to the lower abdominal wall skin.

E l e v a t i n g  t h e  T R A M  F l a p
The TRAM flap is elevated on each side from lateral to medial, with the surgeon look-
ing for the lateral row of perforating vessels entering the flap from the rectus abdominis
sheath. I prefer to perform this dissection with electrocautery, which allows better vi-



sualization of the anatomy. Usually, a V-shaped split in the fascia (Fig 9-8) will be vis-
ible just lateral to each perforating vessel, allowing the vessels to be located without in-
juring them.

The perforating lateral vessels almost always form a neat vertical row that curves
medially as the row progresses inferiorly (Fig 9-9). The relationship facilitates identifi-
cation of all the perforators once the first one is located. In a unilateral free TRAM flap,
all the perforators are generally included to maximize flap perfusion, although the most
inferior one is expendable since it usually does not connect with the inferior epigastric
vascular system.
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FIG. 9-8 A V-shaped split (arrow) is often present in the fascia just lateral to the perforators,
helping to identify them.

FIG. 9-9 Usually, the lateral perforators form a vertical row that gently curves medially toward
the inferior part of the flap.



The rectus abdominis sheath is incised 2 or 3 mm lateral to the lateral row of per-
forators on the side chosen for the pedicle, and the fascia is reflected laterally to expose
the underlying muscle. The muscle can be harvested in its entirety, but my personal
preference is to split it (at least laterally) and leave some muscle in situ.

S p l i t t i n g  t h e  M u s c l e
As in the CTRAM flap, I like to split the muscle with a hemostat approximately 1.5
cm lateral to the row of perforators and several centimeters below the umbilicus, care-
fully spreading the hemostat and looking for blood vessels or underlying fascia (Fig 
9-10). If blood vessels are encountered just beneath the tips of the hemostat, it is with-
drawn and another try made more laterally. If fascia is seen, the muscle is grasped with
a Babcock clamp (which is less traumatic than an Allis clamp) on either side of the pen-
etration. The muscle is then lifted up and a careful examination made of the area be-
neath it, looking for the deep inferior epigastric vessels. Palpation of the muscle between
its deep and superficial surfaces can be useful in locating the deep inferior epigastric
artery if it is not visible.

Once the vessels are located, a decision is made about where to split the muscle.
If a site different from the existing penetration is desired, a new penetration is made
with a hemostat. Otherwise, the existing opening is enlarged superiorly and inferiorly,
obtaining meticulous hemostasis with bipolar electrocautery.

I prefer to dissect the deep inferior epigastric vessels all the way to their origin,
making the pedicle as long as possible. This makes the anastomoses easier because the
longer pedicle makes it easier for the surgeon to orient the vessels in a way that makes
performance of the anastomoses comfortable. The additional length also facilitates sub-

108 C H A P T E R 9 FREE TRAM FLAP

FIG. 9-10 (A) Gently splitting the rectus abdominis muscle vertically with a hemostat, the surgeon looks for the white fascia be-
neath the muscle. If blood vessels are encountered instead, the hemostat is withdrawn and another try made more laterally. 
(B) The muscle is grasped with Babcock clamps and lifted and separated so that the blood vessels can be identified.
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sequent positioning of the flap on the chest wall as medially as necessary to get the best
possible aesthetic result. Moreover, when the deep inferior epigastric vessels are dissected
more inferiorly, they get larger as well as longer, providing larger caliber vessels for eas-
ier anastomoses.

Once the vascular dissection has been completed and the surgeon is certain that the
pedicle is intact, the flap is elevated on the contralateral side. I prefer to wait until the vas-
cular pedicle has been safely dissected before elevating the opposite side of the flap, because
if the flap’s pedicle is injured during its dissection the opposite side can then still be used
in its stead. Elevating the contralateral side of the flap prior to pedicle dissection makes the
pedicle dissection technically easier, but eliminates any chance of using the opposite deep
inferior epigastric vessels to perform the free tissue transfer should that be necessary.

After the opposite side of the flap has been elevated, but before dividing the rectus
abdominis muscle above the flap, the recipient vessels in the axilla or on the chest wall
are exposed (see below) and examined. If they are adequate, a decision is made to pro-
ceed with free transfer of the flap. If they are not adequate, the flap can still be converted
at this point to a CTRAM flap and the operation completed as described in chapter 8.

C o m m i t t i n g  t o  a  F r e e  T i s s u e  T r a n s f e r
After the donor and recipient vessels have been examined and found adequate, the rec-
tus abdominis muscle is divided above the flap in its middle third, eliminating the pos-
sibility of conversion to a CTRAM flap. The opposite side of the TRAM flap is then
dissected off the deep abdominal fascia past the midline, exposing the most medial ipsi-
lateral perforating vessels. This dissection must be done very carefully because these me-
dial perforators are more difficult to visualize than the lateral ones and injury to them is
more likely. The rectus abdominis sheath is then incised just medial to the most medial
of the larger perforators (smaller ones are ignored), exposing the muscle beneath. A small
amount of this medial fascia should be preserved if possible to facilitate subsequent clo-
sure of the fascial defect. If desired, a large amount of the fascia can be preserved as was
described in chapter 8. Doing so will reduce the tension on the fascial closure and sig-
nificantly reduce postoperative pain, but is dependent on the use of the anterior rectus
abdominis sheath close to the midline, where it is weaker, in the closure.

The muscle is separated from the deep surface of the rectus abdominis sheath and
the distribution of blood vessels on its undersurface examined. If the vessels all enter
the muscle in its middle third and if there are no significant medial perforators along
the medial edge of the muscle, some of the medial muscle can be preserved. This is es-
pecially likely to be possible if relatively large perforators are present in the lateral row.
Medial muscle preservation should have a low priority, however, since the muscle will
almost certainly be denervated and therefore nonfunctional. Muscle should be preserved
medially only if the surgeon is fairly certain that blood supply to the flap will not be
significantly compromised as a result.

Once the flap has been elevated sufficiently that the only remaining attachment
is the vascular pedicle (Fig 9-11), the flap is secured to the surrounding tissue with sta-
ples (so that inadvertent traction will not be applied to the vascular pedicle) and is left
to perfuse in situ while attention is turned to the recipient site.
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C h o o s i n g  a n d  P r e p a r i n g  
t h e  R e c i p i e n t  V e s s e l s
At M. D. Anderson Cancer Center, the most commonly used recipient vessels for free
TRAM flap breast reconstruction are the thoracodorsal artery and vein. In immediate re-
construction, they are the obvious choice because they are usually exposed by the onco-
logic surgeon during the course of an axillary dissection (Fig 9-12). In delayed breast re-
construction, the thoracodorsal vessels must be dissected out of the surrounding scar tissue,
which sometimes can be difficult. Nevertheless, because of our familiarity with these ves-
sels and because they are almost always satisfactory, we often use them.

S u b s c a p u l a r  V a s c u l a r  S y s t e m
Anatomic details vary from patient to patient, but every patient has a subscapular artery
and vein, which usually give off the circumflex scapular vessels and continue as the tho-
racodorsal vessels (Fig 9-13). The thoracodorsal vessels, in turn, each give off a large
serratus branch; after this, they usually become too small to use for anastomosis to the
deep inferior epigastric vessels.

In most patients, the best place to perform an anastomosis is on the thoracodor-
sal vessels just above the serratus branch. Here, the vessels are still of adequate size and
yet long enough to allow a comfortable anastomosis and a pedicle that is not under ten-
sion when the flap is positioned on the chest wall. In some patients, the thoracodorsal
vessels will be unusually small and not suitable for connection with the deep inferior
epigastric vessels. In that situation, there may be a more suitable circumflex scapular
branch that can be used instead. The surgeon should be flexible, and use whichever ves-
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FIG. 9-11 Flap attached to the abdomen only by the deep inferior epigastric vessels, where it
is left to perfuse in situ.
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FIG. 9-12. Axilla after axillary dissection, with the thoracodorsal vessels exposed. Placing a ves-
sel loop around the thoracodorsal nerve (arrow) and displacing it away from the vessels greatly
facilitates the vascular dissection.

FIG. 9-13. Anatomy of the subscapular vascular system.



sels seem to be most appropriate. It is important to remember, however, that the ves-
sels are usually in spasm after their dissection and may appear to be much smaller than
they truly are. Before making a decision about which vessels to use as recipients, the
surgeon should apply a few drops of 2% papaverine solution to the surface of the ves-
sels. After 15 minutes, they will often increase dramatically in size as the spasm is re-
leased, and thus become suitable for their intended use.

The first step in dissection of the subscapular system vessels is to place retracting
sutures of 2-0 Vicryl (polygalactin 910) in the pectoralis major muscle and the skin (Fig
9-14A). This provides exposure of the field and minimizes the need for mechanical re-
tractors (Fig 9-14B), which can interfere with positioning of the surgeon’s hands, mak-
ing the anastomosis itself more difficult. The sutures that retract the pectoralis major
muscle medially and superiorly are especially useful for improving the view of the as-
sistant, who will be standing on the opposite side of the table during the anastomoses.
Because of the importance of exposure, the surgeon should place as many of these su-
tures as are necessary to gain adequate access to the thoracodorsal vessels.

The thoracodorsal vessels should be dissected proximally at least as far as the cir-
cumflex scapular branches so that they (thoracodorsal vessels) can be rotated anteriorly.
This part of the dissection is often facilitated by (temporary) placement of a Whitlander
retractor to spread the tissues immediately adjacent to the vessels (Fig 9-15). The ante-
rior rotation of the vessels allows the anastomoses to be performed superficially in the
axilla, rather than deep in a hole. Dissection of the vessels is best performed with loupe
magnification (I use 4.5 power) and is facilitated by placing vessel loops around the artery,
vein, and nerve to retract and separate them. Avoiding all but the most minimal trac-
tion on the artery will reduce the problem of spasm. Hemostasis is accomplished with
bipolar electrocautery, small hemoclips, and ligatures of 4-0 silk. When the dissection
has been completed, a folded moist gauze sponge forms a platform for the anastomosis,
along with a piece of colored plastic material to serve as a background (Fig 9-16).
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FIG. 9-14 (A) Retracting sutures hold the skin and pectoralis major muscle out of the way without interposing a metal retrac-
tor between the surgeon and the anastomotic site. (B) An Adson-Beckman retractor provides excellent exposure of the thora-
codorsal vessels, but can interfere with anastomosis, so I rarely use it.
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Once the dissection of the recipient site is completed, the vessels are tied off just
above the serratus branch, placed in temporary atraumatic microvascular (Ackland)
clamps, and divided. The operating microscope is brought into the field, and the ves-
sel ends are prepared for anastomosis by removing the distal adventitia. The operating
table is tilted away from the surgeon and toward the surgical assistant (Fig 9-17), im-
proving the assistant’s view of the axilla. If additional retraction sutures are required to
pull the pectoralis major muscle more medially, they are placed at this time.

Removal of the adventitia is useful for several reasons. First, this vessel prepara-
tion allows the surgeon to position (and reposition) the microscope and other equip-
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FIG. 9-16 (A) A neurosurgical cottonoid sponge soaked with 2% papaverine has been placed over the recipient vessels. After 15
minutes, all traces of vascular spasm are usually resolved. (B) A folded gauze sponge forms a platform for the vessels so that the
anastomosis can be performed more superficially. A piece of colored plastic forms a good background.
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FIG. 9-15 A Whitlander retractor can be helpful in dissecting the vessels. Before beginning the
anastomosis, however, the retractor is removed.



ment to achieve a comfortable arrangement while the flap is not yet ischemic and there
is therefore no urgency to complete the anastomosis. During this exercise, towels are
placed to support the surgeon’s forearms and hands (Fig 9-18), and the microscope
head direction is adjusted until the most comfortable arrangement is found.

Second, removal of the adventitia near the anastomosis facilitates identification of
tiny cut or avulsed vascular branches that are constricted and may not bleed immedi-
ately following the anastomosis but can cause serious trouble later. These small branches,
if not identified and closed off with sutures, can lead not only to subsequent hematomas
but also to vascular spasm and eventual thrombosis.
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FIG. 9-17 The operating table is tilted away from the surgeon so that the assistant, who stands
across the table between the patient’s shoulder and head, can see into the axilla.

FIG. 9-18 Sterile cloth towels (arrow) are placed below the axilla to support the surgeon’s fore-
arms and wrists. This improves precision and reduces tremor. (The flap is in the axilla, to the
right of the towels.)



Finally, removal of the adventitia makes tying the knots in the microvascular su-
tures easier and avoids the possibility of adventitia getting trapped inside the lumen of
the vessel during the anastomosis.

After preparation of the recipient vessels, the flap is harvested by ligating the deep
inferior epigastric vessels at their origin with 2-0 silk. The flap is then brought into the
axilla and fixed to the patient or to the drapes with towel clips in preparation for the
anastomoses (Fig 9-19). The vein is examined to make sure that it is not twisted, and
the anastomoses are performed as described below.

I n t e r n a l  M a m m a r y  V e s s e l s
An alternative to the thoracodorsal vessels is the internal mammary vessels, which are
preferred by some surgeons10–15 and can be especially useful when irradiated scar tis-
sue in the axilla makes dissection of the subscapular vascular system difficult. The in-
ternal mammary vessels are usually unaffected by previous surgery and therefore are free
of surrounding scar. They also have the advantage of placing the flap more medially,
where the most well vascularized portion of the flap can be used to form the breast (Fig
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FIG. 9-19 The flap is brought into the axilla and fixed to the patient or the drapes with towel
clips.



9-20). They can be approached by removal of the third or fourth costal cartilage and
are usually of adequate size to match the deep inferior epigastric vessels accurately. The
artery is usually quite large and provides strong blood flow, but the vein is sometimes
small, especially on the patient’s left side.

The first step in dissection of the internal mammary vessels is placement of re-
tracting sutures in the skin. Next, the costal cartilage of the third or fourth rib is re-
moved with periosteal elevators medially up to its junction with the sternum to achieve
the required exposure (Fig 9-21). Some surgeons advocate removal of the fourth costal
cartilage because that provides a better size match for the artery and more pedicle length;
others (including myself ) prefer removing the third costal cartilage in most cases be-
cause the vein will be larger. A preoperative color Doppler ultrasound examination is
extremely helpful for predicting the location and size of the vein or veins, and can help
the surgeon to decide which costal cartilage to remove for best access to the vessels.10

In either case, if the internal mammary vein proves to be too small, the costal cartilage
of the rib above (including the second rib, if necessary) can be removed and the vessels
exposed more superiorly.

Using loupe magnification, the vessels are identified and separated from one an-
other. Soft flexible plastic “vessel loops” placed around the vessels will aid in their dis-
section (Fig 9-22). The vessels should be dissected into the intercostal muscles both dis-
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a)

Thoracodorsal
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mammary
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FIG. 9-20 (A) When the thoracodorsal vessels are used as recipients, the most well vascularized portion of the flap is somewhat
lateral, so that the less well vascularized tissue across the midline must be used to form the medial portion of the breast. (B) When
the internal mammary vessels are used as recipients, the most well vascularized part of the flap can be used to form the central
and medial portions of the breast.
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tally and proximally to gain length so that the anastomoses can be performed in a more
accessible location. This part of the dissection must be done carefully because many
fragile branches enter the intercostal muscles (especially from the vein) and can cause
significant bleeding. Actual removal of part of the intercostal muscle superficial to the
vessels is helpful in achieving better exposure and mobilization and is therefore advo-
cated.

Once the vessels are sufficiently mobilized, they are ligated distally, placed in atrau-
matic microvascular clamps, and divided. The operating microscope is brought into the
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FIG. 9-21 (A) The third costal cartilage is completely re-
moved using a periosteal elevator. The perchondrium is then
removed to expose the internal mammary vessels. (B) Internal
mammary vessels (arrow). The artery is usually larger than the
deep inferior epigastric artery, but the vein is usually smaller.
(C) Drawing of the internal mammary vessels.



field and the vessel ends are prepared by removing the adventitia. Orienting the vessels so
that they are parallel to the ribs will allow both donor and recipient vessels to be at the
same level, ensuring that the anastomosis is not awkwardly tilted. When the vessels are
ready and the microscope position is deemed satisfactory, the free TRAM flap is harvested
and brought up to the chest. A long deep inferior epigastric vascular pedicle is not neces-
sary for flap placement once the anastomoses have been completed but makes positioning
of the flap during the anastomosis easier and is therefore desirable. It also permits switch-
ing to the use of the thoracodorsal vessels as recipients in the unlikely event that that should
prove to be necessary. The anastomoses are then performed as described below.

A r m  P o s i t i o n i n g  a n d  R e c i p i e n t  V e s s e l s
The position of the patient’s arm on the side of the mastectomy is largely determined
by the surgeon’s choice of recipient vessels. If the thoracodorsal vessels will be used, the
arm must be positioned at 85 to 90 degrees to the chest wall to permit access to the
axilla (Fig 9-23). The arm should be abducted no more than 90 degrees to avoid ex-
cessive traction on the brachial plexus traction that could otherwise lead to nerve dys-
function in the hand. Flexing the elbow slightly by placing some towels or foam under
the patient’s hand and wrist also relieves tension on the brachial plexus and helps to
avoid these injuries, which usually resolve spontaneously but can temporarily be most
distressing to both the patient and the surgeon. The surgeon should also take care, when
the patient is positioned on the operating table, that the arm board does not extend in-
feriorly significantly farther than the patient’s arm. Otherwise, the arm board will in-
terfere with the surgeon’s ability to stand close enough to the axilla to be comfortable
during the anastomoses. If the arm board was placed too inferiorly, the surgeon should
slide it cephalad (without further abducting the arm) until he or she can get into a more
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FIG. 9-22 Vessel loops are placed around the internal mammary vessels to aid in their dissec-
tion. The vessels are dissected proximally and distally in the intercostal muscles, to obtain more
length and facilitate anastomosis.



correct and comfortable position. This maneuver is very important, because it can be
very difficult to perform an anastomosis when the surgeon is in an uncomfortable po-
sition. Obviously, it is much easier to correct this problem before the patient has been
prepared and draped than during the operation, when repositioning of the arm board
may be difficult or even impossible.

If the internal mammary vessels are to be used as recipients, and if access to the
axilla for lymph node dissection will not be required, the arm can be tucked in at the
patient’s side (Fig 9-24). The elbow should be placed slightly akimbo, or lateral, to al-
low better access to the most lateral part of the breast. Protective foam padding must
be placed under the elbow, and the position of the hand should be checked to make
sure it will not be injured when the patient’s back is raised into the sitting position.
Without interference from an outstretched arm, the surgeon can stand wherever he or
she is most comfortable during the anastomoses. An arm board or sled should not be
used, as these will interfere with the surgeon’s ability to stand close to the patient, and
defeat the purpose of tucking the arms. Positioning the arms at the side in this way
greatly facilitates the anastomoses, and is one of the major advantages of using the in-
ternal mammary vessels as recipients. It can make access to intravenous lines more com-
plicated for the anesthetist, but with proper equipment and preparation this difficulty
can be overcome.

I prefer to position the arms symmetrically, either both arms outstretched or both
tucked in at the sides. In this way, when the patient is placed in the near-sitting posi-
tion she is more likely to be symmetrical, facilitating comparison of the two breasts.
Care should be taken during the draping to be sure that the tops of the shoulders re-
main visible so that the patient’s symmetry can be properly evaluated when she is placed
in the sitting position, and the surgeon can tell if she is leaning off to one side.

Choosing and Preparing the Recipient Vessels 119

FIG. 9-23 Patient with arm outstretched, in preparation for a free TRAM flap using the tho-
racodorsal vessels as recipients. The arm should be abducted no more than 90 degrees (prefer-
ably less), but the arm boards should be sufficiently cephalad that it does not interfere with the
surgeon’s ability to stand close to the axilla. The elbow can also be flexed slightly to reduce ten-
sion on the brachial plexus.



P e r f o r m i n g  t h e  A n a s t o m o s e s
Some surgeons prefer a running suture for the arterial anastomosis and interrupted su-
tures for the venous anastomosis, while others (including myself ) prefer the reverse. It
probably makes no difference provided that the anastomoses are technically correct. Any
combination of running and/or interrupted sutures can be successful.

V e n o u s  A n a s t o m o s i s
I prefer to perform the venous anastomosis first so that when it is finished, it can be
released without any need to reapply a clamp while the other anastomosis (the artery)
is being completed. The donor and recipient veins are placed in a medium-sized 
double-approximating clamp. It is essential that the vein not be twisted, because such
twists are by far the most common cause of a venous thrombosis.

After the adventitia is cleaned from the donor vein, 9-0 nylon sutures are placed
and tied laterally, 180 degrees apart. In my technique, the needles are left attached and
the suture ends left long so that they can be used for retraction. The vein is sutured
under tension so that the back wall will pull away and is less likely to be inadvertently
included in the front wall stitches. An interrupted suture is placed through the anterior
walls of the two veins, at the midpoint between the two lateral sutures. One tail of this
suture is left long, to be used for traction (Fig 9-25).

One of the two long sutures with needles attached is then used to perform a run-
ning closure of the front wall of the venous anastomosis. An assistant places traction si-
multaneously on the middle traction stitch and the running suture to pull the vein edges
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FIG. 9-24 Patient with arm tucked in at her side, in preparation for a free TRAM flap using
the internal mammary vessels as recipients. The elbows should be slightly akimbo to allow free
access to the lateral part of the breast. This arm position greatly facilitates the anastomosis by
permitting the surgeon to stand wherever he or she is most comfortable.
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FIG. 9-25 (A) Sutures “a” and “b” are placed connecting the two vein ends 180 degrees apart.
(B) A suture “c” is then placed midway along the venous anastomosis, to be used for traction.

that are being sutured away from the back wall (Fig 9-26). During placement of the
first stitch (the most lateral one), the back wall should be inspected visually because it
is close by and can be inadvertently included in this stitch (Fig 9-27). For subsequent
sutures, the traction makes inclusion of the back wall unlikely.

When the closure approaches the middle traction stitch, the assistant lets that one
go and pulls instead on the tail of the more lateral stitch (the one with the other needle
attached). The surgeon then pulls upward on the middle traction suture, drawing the vein
edges away from the back wall and making suture placement very easy (Fig 9-28). After
the middle stitch is passed, the tension is continued using the running and lateral sutures.
During the last stitch (the most lateral one), the back wall is again visually inspected. The
running suture is then tied to the suture tail that the assistant has been using for traction.

The double-approximating clamp is then flipped over, exposing the repaired back
wall. A middle traction suture is placed, just as on the first side. The long suture with
the remaining needle is untangled from the clamp and the back wall closed, again with
a running suture.

Because the back wall is most vulnerable to being included in the suture at the lat-
eral extremes of the repair, a useful trick is to have the assistant put tension on the two
middle traction sutures, while the surgeon pulls upward (toward himself or herself ) with
the running suture. This effectively converts the stitch placement from a lateral (and vul-
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nerable) position to a middle position that is far from the back wall and therefore safe.
After one or two stitches, the tension on the two middle traction sutures is released, and
the normal technique with tension on the running suture and one middle suture is re-
sumed until the last stitch. For this last stitch, tension is again applied to the two mid-
dle traction sutures to once again shift the suture placement to a safe, central position.

The technique described above is very easy, rapid, and safe provided that the two
vein edges are visible. Ideally, the vein edges should be slightly everted. The needle bites
should be close to the vein edges so that the edges will not roll inward. If one of the
vein edges does roll inward, the surgeon can use jeweler’s forceps in the hand opposite
that holding the needle-holder to make the vein edge visible. If this is not possible, the
above-described method should be abandoned and a different suturing technique used.

A r t e r i a l  A n a s t o m o s i s
Although many microsurgeons report that thrombosis of the venous anastomosis is more
common than arterial thrombosis, in my own practice I have had the opposite experi-
ence. I find arteries to be more temperamental, developing spasm and occasionally
thrombosis in the anastomosis when veins (as long as they are not twisted) rarely do.
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FIG. 9-26 (A) During venous anastomosis, the sutures are placed close to the vein edges, us-
ing both the running suture “b” and middle traction suture “c” to pull the vein edges away from
the back wall. (B) Suture “a” is tied to the loose end of suture “b.”
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FIG. 9-27 (A) The first, most lateral stitch of the venous anastomosis should be visually inspected by pulling suture “b” across
the vein; this is the one stitch most likely to inadvertently include the back wall. (B) Alternatively, an interrupted middle traction
stitch can be placed in the back wall (“d”) to pull the back wall away and make suture placement safe.
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FIG. 9-28 During venous anastomosis, pulling up on the middle traction suture makes place-
ment of stitches in that area very easy and safe.

For that reason, I prefer to use interrupted sutures, which are more precise than run-
ning sutures, for my arterial anastomoses.

First, the arteries are placed in a double-approximating (Ackland) clamp, bring-
ing the vessels’ ends close together so that the repair will be performed without tension.
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Next, two lateral sutures of 9-0 nylon are placed, 180 degrees apart, leaving one tail of
each suture long to serve as a handle for traction. Three or four additional interrupted
sutures are then placed through the anterior arterial walls, starting laterally (Fig 9-29).
The first stitch should always be whichever one is deemed to be the most difficult, be-
cause suturing is easiest when the artery is still relatively open and becomes progres-
sively more difficult as the closure is completed. Having an assistant pull on one of the
lateral traction sutures is often helpful. A larger bite is taken with the needle than that
used in the venous anastomosis. Because of the relative stiffness of the arterial wall, in-
advertent inclusion of the back wall is less likely.

After the anterior wall closure is completed, the double-approximating clamp is
flipped over and the back wall repaired. This usually requires only three or four addi-
tional stitches. Often, the last stitch will be placed blindly, without visualizing the lu-
men, lifting up on adjacent sutures in a fashion similar to that used in the venous anas-
tomosis. Although not recommended for beginners, with experience this maneuver
becomes safer and capture of the back wall is unlikely. The clamp is then released, and
the anastomosis is inspected for leakage. If there is significant leakage, additional su-
tures are placed as necessary. Small side branches, in particular, should be closed off
with a suture, even if they are not bleeding at the time.

After the anastomosis, there is usually some arterial spasm where the vessel had
been clamped. Application of 2% papaverine solution and a suitable waiting period will
often induce this contraction to release. Localized adventitial removal can also be ef-
fective in relieving spasm, but the manipulation may lead to additional spasm in a dif-
ferent location. Unless the spasm is very localized, treatment with papaverine alone is
usually the best course.

After the anastomosis has been completed, the rectus abdominis fascia on the flap
is sutured to the pectoralis muscle on the chest wall with 2-0 Vicryl, to stabilize the flap
and prevent tension on the pedicle (Fig 9-30). The flap is shaped into a rough ap-
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FIG. 9-29 The arterial anastomosis is made with interrupted sutures, starting laterally and sav-
ing the easiest (more central) ones for the end. Some suture ends are left long for traction if
needed.



proximation of the desired breast shape and sutured to the medial edge of the mastec-
tomy defect for additional stability. It is then left to perfuse on the chest wall while the
donor site is being closed, allowing time for any vascular spasm to be released.

C l o s i n g  t h e  D o n o r  S i t e  D e f e c t
As in the CTRAM flap operation, fascial donor site repair is one of the most impor-
tant parts of the procedure. The main difference is that after the free TRAM proce-
dure, the fascial donor defect is smaller and therefore easier to close. If the repair is per-
formed incorrectly, however, an abdominal bulge or hernia can still disable the patient
and ruin an otherwise successful operation.16 The key to a successful repair is to attach
the internal oblique fascia laterally to the strong midline fascia (deep to the linea alba)
with a heavy running suture.17 Any fascial repair technique that does this will be 
successful.

If the needed fascial edge is anywhere near the midline, I generally repair the fas-
cial defect in two layers. First, I attach the internal oblique fascia to the midline fascia
with a running suture of No. 1 Novafil (polyethylene) (Fig 9-31). It is essential to make
sure that each bite of suture does in fact contain this strong fascia. Laterally, the inter-
nal oblique fascia is visible, and the surgeon needs merely to identify it for each stitch.
Medially, to include the midline fascia deep to the linea alba, the point of the needle
is inserted into the posterior rectus abdominis sheath close to its medial border and then
exits from the anterior sheath. In that way, the medial reflection and the midline fas-
cia are always included. Even so, the quality of each suture bite should be tested for
strength and security by tugging on the needle after each stitch. The fascial closure is
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FIG. 9-30 Once the anastomoses have been completed, the fascia of the anterior rectus abdo-
minis sheath is attached to the pectoralis major muscle with a 2-0 Vicryl suture (arrow) to sta-
bilize the flap and prevent traction on the pedicle.



continued superiorly until the wound is closed. The suture is then tied so that the end
is buried.

If the medial fascia edge is not near the midline, I generally close the fascial de-
fect in a single layer with Number 1 Prolene (polypropylene) running suture. The in-
ternal oblique layer must still be included securely in each stitch. If the tension is not
excessive, a single-layered closure may suffice. If the sutures do not seem to be securely
holding in the medial fascia (which is usually weaker than its lateral counterpart), how-
ever, the midline fascia should be included in the repair as in the two-layered closure.

After the first layer has been completed, a plan for superior fascial plication to
avoid a dog-ear and make the fascial tightening symmetric (Fig 9-32) is drawn with
methylene blue. A second layer of No. 1 Novafil or Prolene (polypropylene) sutures is
then placed, using horizontal running mattress sutures where the fascia must be plicated
and a simple running suture inferiorly where only reinforcement of the first layer is re-
quired. If only a single-layered closure is being performed, the reinforcement of the pre-
viously closed portion of the wound is omitted. Another running horizontal mattress
suture is used on the contralateral side to plicate the fascia and move the umbilicus back
toward the midline. Again, all knots should be buried so they will not be palpable
through the skin. In most cases of unilateral reconstruction, it is also necessary to tack
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FIG. 9-31 Closure of the fascial donor site is performed in two layers, using running heavy
(No. 1) monofilament suture.



the umbilicus to the midline with a single suture of 3-0 Vicryl, to truly bring it back
to the center.

After the fascial donor site defect has been closed, a suction drain is inserted in
the abdomen and led out through a small stab wound in the mons pubis. The table is
then flexed, and towel clips are used to close the abdominal wound temporarily.

For reconstruction of the navel, the umbilicus is located by palpation, and a new
horizontal opening is made in the skin for it. It is best to limit this horizontal opening
to 1.5 cm or less, to keep the reconstructed umbilicus inconspicuous. The smaller and
less conspicuous the umbilicus, the better the aesthetic result will be. The towel clips
are then released, and some fat is removed from the area under the new opening for
the umbilicus. If the patient is at all obese, the fat in the midline is thinned with scis-
sors to simulate the presence of a median raphe. Hemostasis is then obtained with elec-
trocautery. Next, the umbilicus is tacked over to the midline with a 3-0 Vicryl suture,
and three sutures are placed to attach the umbilicus to the deep fascia and to the skin
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FIG. 9-32 Plan for plication of the upper abdominal and contralateral abdominal fascia.



(Fig 9-33). These sutures, when they are eventually tied, will invert the umbilicus, mak-
ing it less conspicuous and giving it an illusion of normalcy.

With the table still flexed, Scarpa’s fascia is then repaired with interrupted sutures
of 2-0 Vicryl. As in an abdominoplasty, the abdominal flap may need to be advanced
medially to reduce the lateral dog-ears. If dog-ears are present despite this, the incisions
are extended laterally, and additional skin is removed until the dog-ears are fully cor-
rected. It is important to correct the dog-ears completely because this is far easier to do
in the operating room than it will be later on in the clinic and because, despite wish-
ful thinking, the dog-ears will rarely disappear spontaneously.

The skin is then closed with buried dermal sutures of 3-0 Vicryl and with run-
ning subcuticular sutures of 3-0 Prolene. The previously placed umbilical sutures are
tied, and the remaining umbilical wound repaired with 4-0 chromic sutures.
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FIG. 9-33 (A) Umbilical tacking sutures are used to invert the umbilicus and attach it to the deep fascia to make it less con-
spicuous. (B) Sutures have been placed but not tightened. (C) As the sutures are tightened the abdominal skin surrounding the
umilicus is drawn down to the fascia.



T r i m m i n g  t h e  F l a p
Once the flap has been successfully transferred and the blood supply has been deemed
adequate, the flap is shaped and sutured to the edges of the surrounding defect as de-
scribed in chapters 16 through 18. The medial edge of the flap, which is normally
the part farthest from the pedicle, is trimmed until bright red bleeding is seen com-
ing from the cut edges. Hemostasis is achieved, and the medial edge of the flap is su-
tured to the edges of the mastectomy defect. The breast pocket is completed (see
chapters 16 and 17) and the volume adjusted as necessary. Tissue should be removed
from the side ipsilateral to the pedicle only when the viability of the tissue across the
midline has been positively established by seeing adequate bleeding from the flap
edges.

P r e p a r i n g  f o r  F l a p  M o n i t o r i n g
The portion of the flap that will remain exposed is determined by replacing the mas-
tectomy flaps and appropriate marking with a surgical pen. The mastectomy flaps are
checked for viability to determine how much TRAM flap skin will need to remain
exposed. A sterile hand-held ultrasonic Doppler pencil probe is then used to locate
an audible signal on the exposed skin paddle. This site is marked with a suture of 
6-0 Prolene to facilitate postoperative flap monitoring. Monitoring with this method
is very simple: if an arterial signal is heard, one can be sure that the arterial anasto-
mosis is patent. A nurse should check this signal every hour for the first 3 postoper-
ative days, calling the surgeon if the signal disappears. Often a venous signal can be
heard as well. A venous obstruction, however, is usually also accompanied by a sud-
den change in the flap’s color. 

If a pencil Doppler signal cannot be located on the exposed skin paddle intra-
operatively, the surgeon can search for an alternative signal on the skin nearby. If one
is found, it may be possible to reposition the flap so that the Doppler signal is ex-
posed. If not, the surgeon can leave open a window in the native breast skin to ex-
pose the Doppler signal temporarily (Fig 9-34). This window can then be closed 1
week later, using local anesthesia, when flap monitoring is no longer required.

If no signal at all can be fond with a pencil Doppler probe and yet the flap is ob-
viously viable, monitoring can be performed with a laser Doppler unit. This alternative
allows continuous monitoring, signaling possible pedicle thrombosis by a sudden drop
in the laser Doppler reading. Although this method works well in theory, we have found
that in practice false alarms occur commonly when the probe is inadvertently loosened
by the patient. Also, the decrease in the laser Doppler reading is not always sudden,
making the signal at times difficult to interpret. I therefore prefer the simplicity of the
hand-held pencil Doppler probe.

Often, a pencil Doppler signal that is weak or absent in the operating room will
become stronger (or present, if there was none previously) when the general anesthesia
is terminated. For this reason, if no signal could be found in the operating room, it is
worth checking the flap again in the recovery room once the patient is awake. If a pen-
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cil Doppler signal can be found, I always use pencil Doppler monitoring in preference
to any other method, even when arrangements had previously been made to monitor
the flap with a laser Doppler or other unit.

One other method we use (less commonly) to monitor our free TRAM flaps is a
buried 20 MHz Doppler probe.18 This method provides a continuous signal and there-
fore can detect a thrombosis very quickly. The disadvantages of this approach are the
time that is required to place the probe, a tendency for false alarms when the probe is
displaced, and the need to leave the wires in place for 3 weeks after the free flap pro-
cedure.

S u m m a r y
The free TRAM flap is reliable, has minimal donor site morbidity, and provides con-
sistently good results. It has therefore become our breast reconstruction method of
choice for most patients. Key points for successful performance of the free TRAM
flap include adequately exposing the recipient vessels, dissecting an adequate pedi-
cle length, and making sure that the vein in the pedicle is not twisted. Only the fas-
cia required to maintain flap viability should be harvested, and the repair of the
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FIG. 9-34 (A) A temporary window can be created to allow direct monitoring of the flap. The
exposed flap skin is removed and the window closed 1 week later. (B) After healing is completed,
no visible traces of the window remain.
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donor site must be secure, with care taken to close the internal oblique fascia se-
curely to the midline fascia deep to the linea alba with heavy permanent sutures.
When properly executed, the free TRAM flap can provide outstanding results with
a low rate of failure.
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Deep Inferior Epigastric  
Perforator Flap10

T
he deep inferior epigastric perforator (DIEP) flap is a variation of the free transverse
rectus abdominis myocutaneous (TRAM) flap in which one or more perforating
branches of the deep inferior epigastric artery and accompanying veins are dissected
out of the rectus abdominis muscle so that only the blood vessels, and no muscle

tissue, are harvested with the flap (Fig 10-1).1–4 Moreover, little or no fascia is sacrificed,
making closure of the donor site much easier, theoretically a particularly useful feature in
bilateral cases. Despite the fragile appearance of the pedicle the flap is usually adequately
vascularized, although usually not as well as in the standard free TRAM flap.

A d v a n t a g e s  o f  t h e  D I E P  F l a p
The advantage of the DIEP flap is that donor site morbidity is reduced to the absolute min-
imum. Little or no muscle is sacrificed and, whenever possible, the nerve supply of the mus-
cle is maintained. Postoperative pain and abdominal wall weakness are therefore reduced,
and the umbilicus remains centered in the abdomen. The abdominal fascial closure is eas-
ily accomplished even in bilateral cases, and postoperative bulges or hernias are very rare.

D i s a d v a n t a g e s  o f  t h e  D I E P  F l a p
The disadvantages of the DIEP flap include a somewhat reduced flap blood supply, so
fat necrosis and partial flap loss are more common (Figs 10-2 and 10-3). This is espe-
cially true when unilateral reconstruction is performed and if part of “Zone IV” (the
contralateral end of the flap farthest from the blood supply) must be used. Also, rais-
ing this flap takes more time than raising a free TRAM flap and can be somewhat te-
dious. The perforating blood vessels are exposed and are more vulnerable to traction
injury than they are in a free TRAM flap, when they are surrounded and protected by



muscle in their more distal, smaller, and more vulnerable segments. Finally, although
the entire rectus abdominis muscle may be preserved, much of the muscle may be de-
nervated and/or devascularized and may therefore not be functional.

S u r g i c a l  T e c h n i q u e
The flap is elevated from lateral to medial just as in a free TRAM flap, identifying the
lateral row of perforating vessels that enter the flap from the rectus abdominis sheath
(Fig 10-4). It can be helpful to separate the flap widely from the deep abdominal fas-
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FIG. 10-1 (A) DIEP flap. No muscle is included in the flap. (B) Early result of reconstruc-
tion. There was some ischemia of the medial tip of the flap, but it resolved after treatment.

A B

FIG. 10-2 Patient with partial flap necrosis (arrow) after bilateral DIEP flap breast reconstruc-
tion. Partial flap necrosis is rare in bilateral free TRAM flaps. The patient was a smoker and also
had some mastectomy flap edge necrosis. She also had previous irradiation on the right side.
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FIG. 10-3 (A) Patient with plan for
immediate reconstruction of the left
breast using a DIEP flap. The patient
was a nonsmoker, and the tumor was in
the upper inner quadrant. (B) The DIEP
flap, just prior to the anastomoses. (C)
After the anastomoses, showing the long
pedicle of the flap. (D) Four days later,
the patient has signs of mastectomy flap
necrosis and, more significantly, partial
loss of the underlying flap (arrow). (E)
The patient was explored, and most of
the flap was viable. There is, however,
some fat necrosis in the medial portion
of the breast mound.

FIG. 10-4 Lateral row of TRAM flap perforators, which can usually be identified without
injury.



cia so that the number and size of the main perforators can be assessed (Fig 10-5). Un-
less there is one very large perforator, it is best to preserve two or three perforators rather
than rely only on one. The surgeon must choose which perforators to use based on their
size and location. It is better to use all lateral perforators or all medial ones, rather than
some of each group. That way, the muscle can be split longitudinally, which causes far
less donor site injury than would be caused by cutting across it horizontally. In the over-
whelming majority of cases, the lateral row of perforators is used unless one very large
medial perforator is identified that would be capable of nourishing the entire flap by
itself, or unless the lateral row of perforators is judged to be excessively small.

The fascia is incised around the chosen perforators, and the incisions are con-
nected. The fascia is then reflected laterally. Under loupe magnification, the muscle is
carefully dissected away from the perforating vessels. Bipolar electrocautery or small vas-
cular clips are used to obtain hemostasis when small vascular branches (of which there
are many) are encountered. One or more fishhook retractors attached to rubber bands
are useful for retracting the muscle away from the vessels during this stage of the dis-
section (Fig 10-6).

If only medial perforators are used, and if those perforators quickly pass deep to
the muscle without a long intramuscular course, the nerve supply to the muscle can be
easy to maintain. If lateral perforators are used (as is usually the case), care must be
taken to identify and preserve the larger motor nerve branches as they cross over the
perforating vessels (Fig 10-7). If no motor nerve branches that are large enough to war-
rant preservation are found, however, some degree of muscle denervation is likely. Mo-
tor nerves that cross between two perforators will have to be divided to extricate the
flap from the donor site. These nerves can be reapproximated after the flap has been
harvested, using one or two sutures of 10-0 nylon, to facilitate reinnervation of the 
muscle.

If an adequately sized lateral row of perforators is found, the muscle can be split
longitudinally and will probably remain adequately vascularized. If both medial and lat-
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FIG. 10-5 TRAM flap separated from the deep abdominal fascia except for the major perfo-
rators, which were preserved using a combination of blunt and electrocautery dissection.



eral perforators must be harvested, however, the muscle must be cut transversely and
the intramuscular blood supply disturbed more widely. In that case, some of the mus-
cle may end up being devascularized and, although preserved in situ, nonviable. This
negates much of the advantage of using the DIEP flap, so in most cases only the lat-
eral or medial row of perforators should be used, but not both.

Once the intramuscular dissection has been completed, the remaining dissection
is identical to that of a free TRAM flap. I prefer to dissect the deep inferior epigastric
vessels all the way to their origin, making the pedicle as long as possible. As in the free
TRAM flap, the flap is then left attached by its blood vessels to perfuse in the abdomen
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FIG. 10-6 Fishhook retractors (arrow) attached to rubber bands are helpful in retracting the
muscle away from the perforators (double arrows).

FIG. 10-7 Large motor nerve branch (arrows) crossing over a perforating blood vessel. Using
loupe magnification, these branches can be dissected away from the vessels and preserved.



until the recipient vessels have been prepared for the transfer (Figs 10-8 and 10-9).
From this point onward, the operation proceeds just as any free TRAM flap would. Be-
cause the pedicle is longer than that of the standard free TRAM flap, extreme care must
be taken to avoid twisting of the vein. As long as the vein is not twisted, however, the
additional pedicle length is not a disadvantage. It can, in fact, make the anastomoses
technically easier, allowing the flap to be positioned where it does not interfere with
placement of the surgeon’s hands close to the blood vessels. This is advantageous even
when the internal mammary vessels are used as the recipient site, when a long pedicle
would not otherwise be necessary to reach the recipient vessels.
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FIG. 10-8 DIEP flap perfusing in situ. It is still attached to the abdomen by the deep inferior
epigastric vessels.

FIG. 10-9 Another DIEP flap still attached to the abdomen, awaiting transfer. This flap had
three perforators that were preserved to nourish the flap.



The DIEP flap can be performed with use of either the internal mammary or tho-
racodorsal vessels as recipients. Most surgeons who perform many DIEP flaps prefer to
use the internal mammary vessels, in part because this does not require use of the con-
tralateral part of the flap to create the medial portion of the breast mound. By using
mainly the ipsilateral half of the flap, and positioning the entrance of the pedicle into
the flap near the breast meridian (which is easily reached if the internal mammary ves-
sels have been used as recipients), the surgeon partially avoids the problem of reduced
blood supply to the DIEP flap (compared to that of the standard free TRAM flap), and
fat necrosis is minimized. This strategy works best, however, when only a small breast
must be reconstructed, and when use of the majority of the flap to achieve adequate
breast volume is not required.

Because practically no fascia is sacrificed, closure of the donor site is easy, even in
bilateral cases. The umbilicus does not need to be recentered, and the risk of develop-
ing a bulge or hernia is minimal. Closure of the fascial donor site can therefore be del-
egated to a junior member of the surgical team and be performed simultaneous with
the shaping of the breast, saving considerable time.

I n d i c a t i o n s
The DIEP flap is indicated whenever the surgeon believes that the advantages of min-
imal sacrifice of fascia and muscle outweigh the disadvantages of reduced blood supply
and longer operative time. This situation is most likely when only 65 or 70% of the
flap will be required (to make a relatively small breast), in which case reduced flap blood
supply is less important, or in bilateral reconstruction when the surgeon believes that
the extended time required for bilateral perforator flaps will be outweighed by reduced
donor site morbidity and ease of abdominal fascial closure. Bilateral perforator flaps are
rarely appropriate for obese patients, however, for whom the operative times are already
extremely long even when using simpler techniques. I also strongly consider perform-
ing a DIEP flap whenever I find a lateral row of perforators that is located more later-
ally than usual, so that performance of a standard TRAM flap would require a sacrifice
of more than the usual amount of muscle and fascia. I also consider it in any patient
where large perforators are found during the free TRAM flap dissection.

C o n t r a i n d i c a t i o n s
The only absolute contraindications to performance of a DIEP flap are a previous TRAM
flap or abdominoplasty, in which case the necessary perforators do not exist. In my
opinion, relative contraindications would include a pronounced potbelly habitus (be-
cause there is usually insufficient subcutaneous tissue present to make an adequate
breast), and the need to use most of the TRAM flap to make an adequately sized breast
(because the DIEP flap usually has less robust perfusion than the standard TRAM flap).
I also consider the intraoperative finding of only comparatively small perforators to be
a relative contraindication to proceeding with a DIEP flap. Although most patients have
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large enough perforators to allow the selection of two or three that will adequately nour-
ish the flap, some patients have only a larger number of relatively smaller ones. In that
situation, I prefer to convert the procedure to a standard free TRAM flap rather than
attempt to dissect many very tiny perforators from the muscle.

I n f l u e n c e  o f  t h e  D I E P  F l a p  
o n  t h e  F r e e  T R A M  F l a p
Because donor site morbidity is very acceptable with the standard free TRAM flap,5,6

because the DIEP flap requires much more time than a free TRAM flap to perform,
because the tedious dissection entails some risk of injury to the blood vessels, and be-
cause sacrifice of some of the perforators inevitably reduces blood supply to the flap,
the DIEP flap has not yet been widely adopted by surgeons who perform free flap breast
reconstruction. It has, however, influenced my performance of the standard free TRAM
flap. Particularly in bilateral cases, even if I am not planning a perforator flap I find
that I often will separate the flap from the abdominal fascia and look at the perforat-
ing blood vessels, as if I were going to perform a perforator flap. I may then decide to
sacrifice a lateral perforator to reduce the width of the fascial donor site defect, pro-
vided that adequate other, more medial perforators are present. In this way, donor site
closure is facilitated and postoperative pain reduced without performing bilateral per-
forator flaps and unduly prolonging the operative time.

Alternatively, a single laterally positioned perforator can be included with the flap
without sacrificing the surrounding fascia (Fig 10-10). Under loupe magnification, the
fascia is incised 1 mm around the perforator (or dissected away from the vessel with-
out including a rim of fascia), just as it would be in performing a perforator flap. The
small hole in the fascia is then connected to the main fascial incision that encompasses
the remaining perforators. The result is a fascial defect that is similar in size to what
would have been present had the lateral perforator been sacrificed. This approach is es-
pecially useful in unilateral breast reconstruction, when sacrifice of a lateral perforator
may be unwise (since perfusion across the flap’s midline is necessary and therefore any
reduction in flap perfusion is best avoided) but at the same time, a large fascial defect
that would pull the umbilicus off the midline and mandate a wide plication of the op-
posite side (for symmetry) would be undesirable.

C o n c l u s i o n s
At the time of this writing, the place of the DIEP flap in breast reconstruction is still
evolving. In my opinion, it is a useful and interesting technique. It appeals to me be-
cause it causes only minimal donor site morbidity, something that the standard TRAM
flap does not always do. If my first priority were always to minimize donor site mor-
bidity rather than to create the best possible breast mound, I would perform DIEP
flaps in most of my patients. Because my first priority is to achieve the best possible
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aesthetic results in the breast, because I believe that the DIEP flap has a higher risk of
fat necrosis and partial flap loss than the standard free TRAM flap does, and because
the morbidity of the standard free TRAM flap is usually low anyway, I am currently
using the DIEP flap only in selected patients. These would include patients who re-
quire only a relatively small part of their flap to make an adequately sized breast (in-
cluding some patients undergoing bilateral reconstruction), and very athletic patients
who wish to minimize donor site muscle loss even if the breast must be smaller than
I would prefer. Most other patients, I believe, are better served with a standard free
TRAM flap.

I believe that the DIEP flap is elegant, but is technically demanding. It is not for
all patients, and not for all surgeons. Nevertheless, it is an exciting development and
bears considerable further study.

S u m m a r y
The DIEP flap is a modification of the free TRAM flap in which one or more perfo-
rating blood vessels are dissected away from the rectus abdominis muscle so that no
muscle need be included in the flap. This technique has the advantage of reduced donor
site morbidity but requires more time for flap elevation and results in a less robust flap
blood supply than the standard free TRAM flap. At the time of this writing, the DIEP
flap remains relatively new, and its final status in autologous tissue breast reconstruc-
tion has not yet been clearly defined. It is an important new development in the 
field of autologous tissue breast reconstruction, however, and clearly deserves further
attention.
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FIG. 10-10 (A) A lateral perforator has been isolated and a fascial incision made around it. (B) The small defect left by removal
of this perforator (arrow) was connected to the main fascial incision, and continued elevation of the free TRAM flap performed
in the usual way. The incision connecting the two defects has been temporarily closed with a few sutures. It will be permanently
closed in an almost horizontal direction once the flap has been harvesting, thus not increasing tension on the main fascial defect
closure.
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TRAM Flap Postoperative
Care and Complications11

P
ostoperative care of patients after breast reconstruction with the conventional
transverse rectus abdominis myocutaneous (TRAM) flap, the free TRAM flap,
and the deep inferior epigastric perforator (DIEP) flap is similar. TRAM flap
breast reconstruction is major surgery, lasting many hours. Patients therefore re-

quire careful postoperative evaluation of their fluid balance and hematocrit, as well as
monitoring of the flap. Despite the magnitude of the surgery, however, most patients
recover rapidly and uneventfully provided that preventive measures are taken to avoid
gastric dilatation, hypovolemia, and atelectasis.

G a s t r i c  D i l a t a t i o n  a n d  
t h e  N a s o g a s t r i c  T u b e
Harvesting a TRAM flap ordinarily tightens the abdominal wall, reducing its compli-
ance and making respiration more difficult. If this interference with respiratory me-
chanics is aggravated by postoperative gastric dilatation,1 respiratory failure can occur
rapidly, with life-threatening consequences. Postoperative gastric dilatation can easily
be prevented by a nasogastric tube. A nasogastric tube should always be in place dur-
ing the TRAM flap procedure, because it facilitates closure of the abdominal donor site.
Although some of my colleagues believe it unnecessary, I prefer to leave the tube in
place overnight in most cases. I do this because the consequences of gastric dilatation
can be so serious. If the patient has no nausea the following morning and has relatively
normal pulmonary function, the nasogastric tube is removed and a slow advance from
clear liquids to a regular diet is begun. If there is nausea or reason to suspect poor pul-
monary function, however, the nasogastric tube is left in place until bowel sounds or
flatus are present.



U r i n e  O u t p u t
A Foley catheter is helpful in the early postoperative period both to avoid bladder dis-
tention and to monitor urine output. A urine output of less than 35 ml/h is usually
due to hypovolemia, which should be corrected to keep the blood pressure from drop-
ping and possibly reducing flap blood flow. Most TRAM flap patients (especially the
younger ones) are not at serious risk for congestive heart failure and are better off get-
ting too much fluid than too little. They should receive intravenous fluids at a high
enough rate to prevent hypovolemia; my practice is to give dextrose 5% in half-strength
normal saline with 20 meq/L potassium at 125 to 150 ml/h, depending on the patient’s
size. If the hourly urine output falls below 35 ml/h for 2 consecutive hours, an addi-
tional fluid bolus is given unless signs of fluid overload are present.

The Foley catheter is usually left in place for approximately 2 days, both for pa-
tient comfort and to monitor urine output. Once the patient is able to go to the bath-
room without assistance, however, the catheter is discontinued.

P a i n  M a n a g e m e n t
Most patients receive pain medication intravenously via a patient-controlled analgesia
(PCA) pump. Our standard dose is a basal rate of 1 to 2 mg/h of morphine sulphate,
with additional morphine doses (1 mg every 15 minutes) given as needed. If the pa-
tient cannot tolerate morphine, therapeutically equivalent doses of meperidine (Dem-
erol) or hydromorphone (Dilaudid) can be used instead. Patients are advised that the
narcotic will reduce their pain but will increase nausea and cause constipation, so they
are encouraged to use only what they need. Each day, the basal rate is reduced as the
patient’s pain diminishes. Usually the basal rate has been eliminated by the fourth day
and the patient started on oral pain medication (hydrocodone with acetaminophen [Vi-
codin or Lortabs] or oxycodone with acetaminophen [Percocet] 1 to 2 tablets every 3
hours). As soon as the patient is comfortable without the PCA pump, it is eliminated
and the oral dose of pain medication gradually reduced.

Intravenous ketorelac (Toradol)2 is useful in the first few days because it potenti-
ates the effects of the narcotics without increasing their side effects. We have not found
it to significantly increase our incidence of hematoma. Because intravenous Toradol is
expensive, once the patient is taking oral medication the Toradol is discontinued and
replaced with oral ibuprofen 200 mg every 3 hours as needed.

A v o i d i n g  C o n s t i p a t i o n
Because all narcotics are constipating and because abdominal straining should be avoided
to protect the abdominal repair, patients are started on stool softeners (docusate [Co-
lace, Surfak] or equivalent, 1 tablet twice daily) as soon as they have progressed to a

144 C H A P T E R 11 TRAM FLAP POSTOPERATIVE CARE AND COMPLICATIONS



regular diet. The stool softeners should be continued for at least 1 month following dis-
charge from the hospital. Suppositories (bisacodyl [Dulcolax] or equivalent) are also
used to avoid constipation and are preferable to oral laxatives, which are best avoided.

P r e v e n t i o n  o f  A t e l e c t a s i s
Some degree of atelectasis is inevitable after TRAM flap surgery and must be countered
by efforts to reexpand the patient’s lungs. Patients are encouraged to perform breath-
ing exercises with an incentive spirometer every hour during the first 2 days. In most
cases they also get out of bed after noon on the first postoperative day, ambulating and
sitting in a chair at least three times per day afterwards. As soon as they are able to walk
to the bathroom without difficulty (usually on the second or third day), the Foley
catheter is removed. In this way, the patient is encouraged to get out of bed more of-
ten, which helps to reduce atelectasis.

F r e e  F l a p  M o n i t o r i n g

P e n c i l  D o p p l e r  M o n i t o r i n g
If a free flap has been performed, it should be monitored at hourly intervals for a full
3 days.3 The easiest way to monitor the arterial blood flow to the flap is with a pencil
ultrasonic Doppler probe over the exposed skin paddle, provided that an adequate sig-
nal was located intraoperatively and marked with a 6-0 Prolene (polypropylene) suture
(Fig 11-1). Usually an arterial signal can be heard clearly, and sometimes a venous sig-
nal can be identified as well. This, combined with observation of skin color (to moni-
tor venous return) and capillary refill, is reliable and straightforward. If the Doppler sig-
nal disappears, or the skin color turns dark or blue (suggesting venous pedicle
obstruction), the patient should be returned immediately to the operating room so that
the problem can be identified and corrected (Fig 11-2).

L a s e r  D o p p l e r  M o n i t o r i n g
If a pencil Doppler signal could not be identified intraoperatively, laser Doppler mon-
itoring can be taped to the skin as an alternative.4–7 This technique depends on the cor-
rect functioning of the laser Doppler probe and unit. The surgeon follows the laser
Doppler reading, looking for changes. A sudden decrease in the reading suggests pedi-
cle obstruction and requires flap exploration. Unfortunately, a sudden decrease in the
laser Doppler reading can also be caused by a loose or dislodged probe. Also, the mag-
nitude of the signal tends to vary spontaneously, making the laser Doppler less straight-
forward and more difficult to interpret than monitoring with a hand-held pencil Doppler
unit.
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B u r i e d  2 0  M H z  P r o b e
Another method of flap monitoring that can be useful when no signal is identifiable
with the pencil Doppler probe is the buried 20 MHz Doppler probe8 (Fig 11-3). The
probe is connected to a unit that monitors the Doppler signal continuously. If the probe
is placed over the deep inferior epigastric artery, the sound of the pulse is loud, unam-
biguous, and very easy to follow; but a venous obstruction may not be detected. If the
probe is placed over the vein, the signal may be ambiguous and more difficult to in-
terpret. If visible flap skin is present, a reasonable approach can be to monitor the ar-
terial signal with the buried Doppler and to use the skin color and capillary refill to
monitor the vein.
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FIG. 11-1 Monitoring the flap with a hand-held pencil Doppler probe. This is the simplest
method of flap monitoring and is therefore preferred if a signal can be located. See color insert,
p. I-11.

FIG. 11-2 (A) Free TRAM flap compromised by venous obstruction. The flap is blue. See color insert, p. I-12. (B) Laser Doppler
probe subsequently used to monitor the flap. (C) Six days after revision of the venous anastomosis, the flap is viable. See color
insert, p. I-12.
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E a r l y  E x p l o r a t i o n
Whatever method of flap monitoring is selected, it is necessary to be ready to move quickly
to explore the pedicle if there is any suggestion of possible obstruction.9 Once a pedicle
has become obstructed, there is only a limited time during which the flap can be salvaged
before irreversible changes occur. It is far better to return to the operating theater for a false
alarm than to miss an opportunity to save a failing flap, so the surgeon should have no
hesitation about exploring any pedicle that is questionable. After 3 days of hourly flap mon-
itoring, the monitoring is decreased to every 4 hours until the patient leaves the hospital.

A n t i c o a g u l a n t s
The value of anticoagulants after free flaps remains unproven. We have found that low-
dose heparin (an intraoperative bolus of 2000 to 3000 U followed by 100 to 300 U/h
for 5 days) does no harm, increasing the risk of hematoma only from 5% to 6%,10 and
probably reduces the risk of deep venous thrombosis and pulmonary embolism. In cases
in which the donor or recipient vessels appear diseased or if intraoperative thrombosis
has occurred, I generally use therapeutic doses of heparin, administering a bolus of 5000
to 6000 U (depending on the patient’s weight) and titrating the dose to achieve a par-
tial thromboplastin time of 1.5 times normal. This treatment is usually maintained for
1 week and seems to be effective, but carries the risk of a 20% incidence of hematoma.
If systemic anticoagulation has been used, I often will prescribe 1 aspirin tablet daily
after the patient leaves the hospital. Again, the benefit is unproven but the intervention
seems to do no harm.
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FIG. 11-3 A 20 MHz Doppler probe attached by a weak silicone glue to a Teflon sleeve (ar-
row), which is sutured around the flap’s pedicle. This is a useful way to monitor a buried flap.
The probe is pulled out 3 weeks after the surgery.



P o s t o p e r a t i v e  F e v e r
Most TRAM flap patients will have some temperature elevation during the evening
of the second or third postoperative day. This is almost always due to atelectasis and
normally does not require a chest X-ray, blood cultures, or other extensive workup
unless special circumstances are present. The treatment for this problem in the over-
whelming majority of patients is deep breathing, coughing, and ambulation. The pa-
tient’s tongue should also be examined because often it will be very dry, suggesting
that the patient is hypovolemic. In that case, increased fluids are indicated to correct
the deficit.

If fever persists for more than a few days, causes other than pulmonary should be
looked for. These can include urinary tract infections (associated with the use of a Fo-
ley catheter), sepsis caused by a central intravenous catheter (if one is present), and
thrombophlebitis. A very rare cause of postoperative fever is abdominal sepsis caused
by inadvertent inclusion of the bowel in a stitch used to close the fascial donor site. Al-
though this is very uncommon, it can be fatal if not diagnosed and aggressively treated
early in its course, so it should be considered whenever unexplained fever is present. If
abdominal sepsis is suspected, immediate consultation with a general surgeon should
be requested.

Another possible cause of an elevated temperature can be partial flap necrosis. If
partial flap necrosis is present, early debridement and reshaping of the breast may cause
the temperature to return to normal (see below). This diagnosis should be considered
secure only when the other common causes of fever have been ruled out, but should
be considered whenever fever is accompanied by partial flap loss, since effective treat-
ment (debridement) is available.

M a n a g e m e n t  o f  E a r l y  
P o s t o p e r a t i v e  P r o b l e m s

R e s p i r a t o r y  D i f f i c u l t y
All TRAM flap patients have some decrease in pulmonary function because the ab-
dominal wall has been tightened and its compliance reduced. Fortunately, most prop-
erly selected TRAM flap patients are healthy and tolerate this without difficulty. If res-
piratory problems arise, however, the decreased pulmonary excursion can make things
worse than they otherwise would be.

If the patient develops sudden respiratory difficulty in the early postoperative pe-
riod, the possibility of gastric dilatation should be considered immediately. If a naso-
gastric tube is in place, it should be checked to make sure it is functioning properly. If
there is no nasogastric tube, one should be inserted; this may correct the problem im-
mediately, preventing further deterioration and making extensive diagnostic testing un-
necessary. Speed is essential because respiratory difficulty caused by gastric dilatation
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can progress rapidly to respiratory arrest, making an already serious problem much more
dangerous.

If gastric dilatation is not the problem, fluid overload or pulmonary embolus
should be considered and the appropriate tests ordered without delay. In our institu-
tion, leg compression boots are routinely used for patients undergoing TRAM flaps,
making deep venous thrombophlebitis and pulmonary embolus unusual. If low-dose
heparin is being administered, pulmonary embolus is even more unlikely. Still, it must
always be considered and, if present, treated immediately with therapeutic doses of in-
travenous heparin.

P a r t i a l  F l a p  L o s s
Loss of more than a very small part of a TRAM flap should be treated aggressively by
early debridement (within the first 5 days).11 Early and aggressive management is rec-
ommended for three reasons. First, a large volume of necrotic tissue is somewhat toxic
and can cause fever and malaise, which are relieved by debridement. The debridement
will not only make the patient feel better but may shorten hospitalization and hasten
recovery as well. Second, if the necrotic tissue is not debrided it will drain for many
weeks, causing patient anxiety and discomfort. Third, once the patient leaves the hos-
pital she may not return for the needed correction, even though it might be in her best
interest to do so.

If the area of necrosis is small, it may not need surgical correction. If it is large,
however, it may require a second flap to salvage the reconstruction (Fig 11-4). If a sec-
ond major flap is required, it is best to get it over with and do it before the patient
leaves the hospital; this avoids arguments with the patient’s insurance company and
quickly resolves the problem. In general, if the reconstruction is ultimately successful,
the patient will be happy and satisfied even when a second flap was unexpectedly re-
quired.
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FIG. 11-4 (A) Patient with partial flap necrosis after a pedicled TRAM flap. The patient was a heavy smoker. (B) The necrotic
tissue was debrided acutely, and the remaining TRAM flap (arrow) was covered with a latissimus dorsi flap (double arrows). (C)
The final result, after contralateral breast reduction, was reasonably acceptable. (From Kroll SS, Freeman P. Ann Plast Surg.
1989;22:58–64. Used with permission.)
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C a r e  A f t e r  D i s c h a r g e  f r o m  t h e  H o s p i t a l
All TRAM flap patients have suction drains in the abdominal donor site and under the
reconstructed breast. It is far better to leave the drains in too long than to remove them
too early. If the drains are still in place when the patient leaves the hospital (as is often
the case), I instruct her to empty the drains once each day and record the output. The
patient returns to the clinic when any of the drains has produced less than 25 ml/d for
2 days in a row; at that time, that drain is removed. Even following this conservative
regimen, however, some patients will subsequently develop seromas that require aspi-
ration with a syringe or insertion of a new drain.

Patients should not stress their abdominal wall during the healing process. They
should take a stool softener twice daily for at least 30 days, and they are advised to avoid
lifting anything heavier than 10 pounds for 6 to 12 weeks. They are instructed not to
attempt situps until 6 months after the surgery, and then only if they have no abdom-
inal wall problems.

In my patients, running subcuticular sutures are used for the skin, and the sutures
are removed only after 3 weeks. The sutures are left in that long in an attempt to sup-
port the healing wound and reduce the scar widening that typically occurs in the ab-
dominal donor site.

C o m p l i c a t i o n s

U m b i l i c a l ,  M a s t e c t o m y  F l a p ,  a n d  
A b d o m i n o p l a s t y  F l a p  N e c r o s i s
Partial umbilical necrosis is common, especially in patients who smoke.12 While in-
convenient for the patient, it causes little or no permanent morbidity. It should be
treated by cleaning the affected area with cotton-tipped applicators and hydrogen per-
oxide, local debridement where appropriate, and expectant observation. Partial umbil-
ical necrosis may take up to 2 months to resolve, but ordinarily does so without addi-
tional surgery. Unless there is underlying prosthetic mesh, umbilical necrosis is of little
consequence and has only minimal effect on the patient’s final appearance (Fig 11-5).

Mastectomy flap necrosis is also common, especially in conjunction with a skin-
sparing mastectomy by an inexperienced general surgeon. It is usually caused by mak-
ing the mastectomy flaps excessively thin, thereby depriving them of their blood sup-
ply. In most cases, because the underlying TRAM flap is viable and the volume of
necrotic tissue is small, mastectomy flap necrosis causes no permanent problem. As with
umbilical necrosis, it resolves spontaneously over a period of 8 to 10 weeks and often
has minimal or no effect on the final result (Fig 11-6).

Abdominoplasty flap necrosis is more common in patients who smoke, and can
be caused by excessively wide undermining of the abdominoplasty flaps.12 Because of
the need to dissect a tunnel between the abdominal dissection and the defect in the
breast, it is more common after conventional TRAM flaps than after free TRAM flaps.
It is also more common, and likely to be more severe, after a bilateral reconstruction.
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Abdominoplasty flap necrosis can range in severity from trivial to devastating (Figs
11-7 and 11-8). In minor cases, it can sometimes be excised and the wound closed pri-
marily. In more severe cases, debridement, dressing changes, and healing by secondary
intention provide the best course. In the worst cases, skin grafting followed by late cor-
rective surgery may be necessary. By far the best strategy is prevention by avoiding wide
undermining of the abdominoplasty flap in the first place.

If prosthetic mesh has been used to reinforce the fascial closure, exposure caused
by abdominoplasty flap necrosis can resolve spontaneously, with healing by secondary
intention occurring around the exposed mesh. Unfortunately, this technique of events
does not occur invariably, and the mesh can become infected, ultimately requiring re-
moval. For this reason, prosthetic mesh should never be used to replace rectus abdo-
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FIG. 11-5 (A) Umbilical necrosis after a TRAM flap. (B) One year later, the final outcome was not significantly compromised.
(C) Subsequently, the patient had a successful full-term pregnancy, which left stretch marks but was otherwise uneventful.

A B C

FIG. 11-6 (A) Early appearance of mastectomy flap necrosis. The underlying TRAM flap was
well perfused. (B) The same patient, after healing by secondary intention and scar revision.
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minis sheath fascia, only to reinforce it.13,14 In that way, should the mesh need to be
removed, the patient will not be left with abdominal wall incompetence.

A b d o m i n a l  B u l g i n g ,  W e a k n e s s ,  a n d  H e r n i a
Abdominal wall bulges and hernias are uncommon when the fascia has been correctly
repaired,15,16 but they can occur even in experienced hands. Bulges and hernias are far
more common after bilateral reconstruction, when the fascia has been subjected to more
tension than is present after unilateral reconstruction. In a true hernia (Fig 11-9), there
is a defect of the abdominal fascia that forms a palpable ring when the patient is lying
supine. The hernia becomes apparent when the patient is asked to raise her head or to
raise both legs simultaneously. In a bulge (sometimes called a “TRAM flap hernia”),
there is no palpable defect, but diffuse (and usually asymmetric) bulging of the ab-
dominal wall is obvious when the patient stands upright (Fig 11-10). In the over-
whelming majority of these bulges, the external oblique fascia is intact but there is a
defect of the internal oblique fascia, resulting in a partial-thickness hernia.

For both hernia and bulge, the treatment consists of surgical repair.17 The repair
requires general anesthesia with deep relaxation to reduce abdominal wall tension. The
abdominal fascia is widely exposed, and a vertical incision is made through it over the
bulge or hernia, entering the abdominal cavity. If adhesions are present, they are re-
leased. In a true hernia, the abdominal wall is simply repaired with a heavy running su-
ture. If a bulge is present, the inner surface of the abdominal wall is inspected for the
presence of a “shelf” formed by the retracted internal oblique fascia (Fig 11-11). If
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FIG. 11-7 (A) Abdominoplasty flap necrosis. This is most common in patients who smoke.
(B) The final outcome, which was not significantly compromised by the abdominoplasty flap
necrosis, although the breast shape was not ideal.
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FIG. 11-9 True hernia following a TRAM flap. A distinct defect was palpable in the abdom-
inal wall. (From Kroll SS. Clin Plast Surg. 1998;25:35–143. Used with permission.)

FIG. 11-8 Severe abdominoplasty flap necrosis after bilateral conventional TRAM flap breast
reconstruction (performed elsewhere) in a heavy smoker. This complication is difficult to treat,
and can be avoided by not undermining the abdominoplasty flap too widely. (From Kroll SS.
Plast Reconstr Surg. 1994;94:637–643. Used with permission.)



found, this shelf is grasped by Allis forceps and pulled medially (Fig 11-12). This layer
is then sutured to the midline fascia deep to the linea alba with a heavy running su-
ture, just as in a correctly performed original repair. If the fascia was not properly re-
paired at the initial surgery, this may be all that is required. If the surgeon knows that
the fascia was repaired correctly in the original closure or if there is any doubt at all

154 C H A P T E R 11 TRAM FLAP POSTOPERATIVE CARE AND COMPLICATIONS

FIG. 11-10 (A) TRAM flap “bulge.” Although not a true hernia, this can be very disabling. (B,C) After repair of the bulge and
revision of the reconstructed breast.
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FIG. 11-11 Intra-abdominal “shelf” (arrow) formed by the retracted internal oblique fascia.
To repair the bulge, it is necessary to suture this fascia securely to the midline fascia deep to the
linea alba.



about the strength of the current repair, however, reinforcement with prosthetic mesh
is indicated for added security. If mesh is required, I prefer Prolene mesh to Marlex
even though I am not aware of any firm evidence that supports that view.

In some cases, patients who appear to have no abdominal wall defect on physical
examination will complain of persisting localized weakness and discomfort. In certain
of these patients, surgical exploration has revealed the presence of small dehiscences of
the internal oblique layer. Repair of these dehiscences has led to disappearance of the
symptoms. The surgeon should therefore have a high index of suspicion, especially in
bilateral cases, and seek and repair possible internal oblique separations whenever cred-
ible symptoms of weakness persist for more than 6 months (Fig 11-13).

TRAM flap breast reconstruction is a wonderful operation that can restore nor-
mal form to patients after mastectomy. It can lead to long-lasting and natural results
that closely mimic natural breasts and can be highly satisfactory. When abdominal
bulging or hernia occurs, however, the disability that results can effectively destroy the
patient’s ability to live a normal life and nullify any benefit of reconstruction that the
surgeon has achieved. It is therefore essential to prevent abdominal hernias and bulges
by performing donor site closure correctly in the first place. When hernias and bulges
do occur, they must be properly repaired. Only by keeping these unfortunate compli-
cations to the lowest possible level can TRAM flap breast reconstruction remain pop-
ular and successful.

K e l o i d s
Keloids can occur in susceptible patients and can be troublesome (Fig 11-14). The best
management is avoidance, by not performing elective surgery on patients who form
keloids. Keloids should not be confused with hypertrophic scars, however, which will
often resolve spontaneously in time without specific treatment. Many patients who be-
lieve themselves to be keloid formers, because of hypertrophic vertical abdominal scars
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FIG. 11-12 The repair is facilitated by grasping the internal oblique fascia with Allis forceps.
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FIG. 11-13 (A, B) Patient who developed increasing abdominal weakness 1 year after bilateral
free TRAM flap breast reconstruction. Although on physical examination there were no clear
signs of a bulge or hernia, surgical exploration revealed a dehiscence of the internal oblique layer.
Repairing that dehiscence, and overlying the repair with mesh, relieved all symptoms.

A B

FIG. 11-14 (A, B) Patient with keloids following a TRAM flap breast reconstruction.
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or prominent scars on the shoulder, are not. A useful test is to examine the patient’s
earlobes. If the patient has pierced ears but has not developed keloids in the earlobes,
she is probably not a keloid former. If the patient is a true keloid former, TRAM flaps
or any other form of autologous tissue breast reconstruction is contraindicated. If true
keloids do develop, scar revision followed by early low-dose radiotherapy is appropri-
ate treatment.

I n f e c t i o n
Infections are common in the presence of ischemic partial flap loss. These infections,
however, are usually caused by the presence of necrotic tissue rather than by aggressive
bacterial invasion. The proper treatment for these opportunistic infections is debride-
ment, with antibiotics playing only a very secondary role. Infection may also occur
around prosthetic mesh used to reinforce the abdominal wall, usually following overly-
ing abdominoplasty flap necrosis. If the infection does not resolve with debridement
and antibiotic treatment, the mesh may ultimately have to be removed. If necessary,
the mesh can be replaced 6 months later provided that the tissues are well vascularized
and remain free of infection.

Infections that are not related to tissue ischemia or to foreign bodies are rare but
can occur. I have seen one patient who developed a widespread low-grade infection with
an atypical mycobacterium (Fig 11-15). This infection resisted control with ordinary
antibiotics and was impossible to treat until special mycobacterial cultures were per-
formed and the appropriate antibiotics identified.
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FIG. 11-15 (A, B) Patient 1 year after a TRAM flap breast reconstruction, showing multiple cutaneous abscesses that resisted
treatment with ordinary antibiotics. (C) After specific treatment of a typical mycobacterial infection, the problem resolved.

A B C



S u m m a r y
TRAM flap breast reconstruction is major surgery and requires careful postoperative
management of fluids and pulmonary function. Dehydration and atelectasis should be
prevented or treated, as should gastric dilatation. If a free flap has been performed, post-
operative flap monitoring is performed hourly for 3 days. If significant partial flap loss
occurs, it should be treated aggressively with early debridement and, if necessary, tissue
replacement. Abdominal bulges and hernias should be prevented by meticulous and se-
cure closure of the fascial donor site (or sites). If they occur despite all efforts, they
should be repaired aggressively by exposing the dehiscent internal oblique layer and at-
taching it securely to the midline fascia with heavy permanent running suture, often
(especially in bilateral cases) adding reinforcement with synthetic mesh.
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The Extended Latissimus
Dorsi  Myocutaneous Flap12

T
he standard latissimus dorsi myocutaneous flap1–4 was one of the first methods
of breast reconstruction ever described and in fact was used as early as 1898 by
the Italian surgeon Tansini.5 When used over a silicone gel– or saline-filled im-
plant (which replaces the missing breast volume), the latissimus dorsi flap restores

breast shape by replacing missing skin. This technique is well known to all plastic sur-
geons. Its chief disadvantage is the frequent development of capsular contracture and
other problems associated with breast implants (Fig 12-1).

The extended latissimus dorsi (ELD) flap,6,7 a modification of the standard latis-
simus dorsi flap, transports additional tissue from the back so that a breast implant is
not required. This avoids all problems associated with implants, most importantly the
almost inevitable eventual development of capsular contracture.

A d v a n t a g e s  o f  t h e  
E x t e n d e d  L a t i s s i m u s  D o r s i  F l a p
The chief advantage of the ELD flap is that it does not require use of a breast implant.
Consequently, the reconstructed breast is soft, moves like a real breast, and usually devel-
ops some degree of sensibility. As in all breast reconstructions with autologous tissue, the
quality of the result tends to improve with time, as the scars soften and fade (Fig 12-2).

Compared with the transverse rectus abdominus myocutaneous (TRAM) flap, the
ELD flap has the advantage of relative simplicity. It requires a shorter operative time
than the TRAM flap, and recovery is easier. There is no microvascular anastomosis, so
returns to the operating room for exploration of the pedicle are rare. The ELD flap is
therefore appropriate for some patients who are less than ideal surgical candidates, es-
pecially those who are denied TRAM flap reconstruction because of obesity or advanced
age, or because of a previous abdominoplasty or TRAM flap (Fig 12-3).

Finally, the ELD flap has the potential for bilateral use without requiring that both
breasts be reconstructed simultaneously. A patient who has had unilateral breast recon-
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FIG. 12-1 (A) Result of a delayed breast reconstruction using a standard latissimus dorsi flap over a silicone gel breast implant.
(B) Two years later, showing significant capsular contracture.
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FIG. 12-2 (A) Patient after an unsuccessful attempt at breast reconstruction using
tissue expansion. (B) Plan for reconstruction using a star pattern ELD flap. (C) Re-
sult 2 years later. See color insert, p. I-13. (D) Donor site. (From Kroll SS. Clin
Plast Surg. 1998;25:135–143. Used with permission.)



struction with an ELD flap, therefore, can undergo reconstruction of the opposite breast
with the same technique at some future time, should that become necessary. This can be
an advantage if the patient is at high risk for development of a second primary contralateral
breast cancer but does not choose to undergo prophylactic contralateral mastectomy with
bilateral TRAM flap reconstruction at the time of her initial surgical treatment.

D i s a d v a n t a g e s  o f  t h e  
E x t e n d e d  L a t i s s i m u s  D o r s i  F l a p
The most important disadvantage of the ELD flap is the donor site scarring, which is
more extensive than that of a standard latissimus dorsi flap. In extreme cases, the back
can be robbed of so much tissue that it has an unattractive “skeletal” appearance. Also,
the scars are more difficult to conceal with clothing than those of other techniques like
the TRAM flap.

Breast shaping is more difficult with an ELD flap than with a TRAM flap. This
is because the ELD flap contains a larger proportion of dermis, and much less pliable
fat. What fat is present is attached to the dermis and is therefore more difficult to mold
into the desired form. There is less available tissue in many patients, so the filling of
the breast pocket can occasionally be inadequate and the breast shape irregular.

Disadvantages of the Extended Latissimus Dorsi Flap 163

A B

FIG. 12-3 (A) Patient with a TRAM flap breast reconstruction on the right, and an ELD flap
reconstruction on the left. (B) Donor site on the back, which is not attractive.



Finally, as in any surgical procedure involving use of a latissimus dorsi flap, prolonged
drainage and seroma formation are not rare. Patients should expect to have a drain in their
donor site for many weeks, especially if the dissection has been performed with electrocautery.

P a t i e n t  S e l e c t i o n  a n d  I n d i c a t i o n s
Because the donor site is less favorable and because shaping of the breast is more difficult,
the ELD flap is rarely recommended for patients who are good candidates for a TRAM
flap. Instead, the ELD flap is used primarily in patients for whom a TRAM flap would
be contraindicated. This category includes patients who are too obese for a TRAM flap,8,9

patients who are older than 65 years (who would also be poor candidates for complex
TRAM flap alternatives like the gluteal flaps or the Rubens fat pad flap), and patients who
cannot have a TRAM flap because of a previous TRAM flap or an abdominoplasty. The
ELD is also occasionally useful in patients who have very small breasts and require only a
small amount of tissue for adequate reconstruction. Because so little tissue is required, the
latissimus dorsi flap does not need to be extended very radically. In such patients, even
though a TRAM flap is not contraindicated, the surgeon may decide to perform an ELD
flap because it is simpler, takes less time, and has less potential morbidity.

O b e s e  P a t i e n t s
An excellent indication for an ELD flap is a patient who desires autologous recon-
struction but is too obese for a TRAM flap. Although it is technically possible to per-
form TRAM flaps on such patients, the risk of complications increases in direct pro-
portion to the patient’s obesity.9 Moreover, in very heavy patients the effort required
to perform a TRAM flap, the operating time, and the risk of failure are all increased.
For these reasons, patients with a weight/height index (weight in kilograms divided by
height in meters) greater than 55 are usually rejected as candidates for a TRAM flap.

Fortunately, such patients often make excellent candidates for breast reconstruc-
tion with an ELD flap (Figs 12-4 and 12-5). Because of their obesity, there is often a
thick layer of dorsal subcutaneous fat that can be used to construct an adequate breast.
Although contralateral breast reduction may be required to achieve symmetry and the
aesthetic results are usually less perfect than those that can be achieved in thinner pa-
tients, the results can be very satisfying for the patients.

O l d e r  P a t i e n t s
Age is not an absolute contraindication to a TRAM flap. Nevertheless, many surgeons
(including myself ) are reluctant to recommend a complex elective operation to most
patients older than 65 years. Obviously, each patient must be judged as an individual,
and some older patients can obtain excellent results from TRAM flap breast recon-
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struction. In general, however, I am reluctant to perform TRAM flaps on patients who
are older than 65 unless they are unusually fit and healthy.

For patients who are older than 65 but who insist on having breast reconstruc-
tion, an ELD flap can be a good choice. The ELD flap combines the advantages of au-
tologous tissue reconstruction with those of a simpler and safer procedure. The patient’s
objective is usually a normal appearance in clothing, with a minimum risk of requiring
additional surgery. The ELD flap usually achieves those goals without difficulty (Fig
12-6). Moreover, older patients tend to be less concerned about the appearance of the
donor site scars on the back. For these reasons, the ELD flap is often my first choice
for breast reconstruction in older patients.
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FIG. 12-4 (A) Obese patient who requested delayed breast reconstruction. Because of her obe-
sity, she was not a candidate for a TRAM flap. (B) Result after reconstruction with an ELD flap
and contralateral breast reduction.
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FIG. 12-5 (A, B) Very obese patient who desired autologous tissue breast reconstruction. (C) Result of reconstruction with an
ELD flap. (D) Donor site.



P a t i e n t s  w i t h  V e r y  S m a l l  B r e a s t s
Patients with very small breasts, who are usually small and thin, are ideal surgical can-
didates and can almost always have technically successful TRAM flap breast recon-
struction without difficulty. Nevertheless, in such patients, it is often difficult to achieve
breast symmetry unless the patient desires augmentation of the opposite side. Even af-
ter multiple revisions, the reconstructed breast may remain larger than the natural one.
Moreover, it seems unreasonable to work so hard to transfer a TRAM flap to the pa-
tient’s chest only to have to throw most of it away.
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FIG. 12-6 (A) A 68-year-old woman who requested immediate breast reconstruction. (B) Plan for
an ELD flap with a horizontal skin pattern. (C) Result 1 year after reconstruction. (D) Donor site.



For such patients, an ELD flap can be a good compromise (Figs 12-7 and 12-8).
Because only a small amount of tissue must be transferred, the ELD flap can often be
smaller than usual, so donor site morbidity is minimal. The size of the ELD flap is bet-
ter matched to the desired breast mount than a TRAM flap would be, and the opera-
tive time, hospital stay, and need for revisions are all kept to a minimum. The donor
site scar is less attractive and more difficult to conceal than that of a TRAM flap, how-
ever. For patients who find this scar objectionable, a deep inferior epigastric perforator
flap may prove to be a more acceptable alternative.
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FIG. 12-7 (A) Thin patient with small breasts who desired immediate breast reconstruction with
autologous tissue. (B) Plan for an ELD flap. (C) Result 2 years later. Note that there is some ir-
regularity medially due to a slight insufficiency of tissue there. (D) Donor site.
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D e s i g n i n g  t h e  F l a p
The amount of tissue transferred with the latissimus dorsi flap can be increased in three
ways. One way is simply to increase the amount of skin harvested by using a fleur-
de-lis or star pattern. A second approach is the transfer of additional subcutaneous fat
overlying the muscle, in addition to that carried with overlying skin. The third approach
is to harvest the flap from lower in the back, where there is more fat.

T h e  F l e u r - D e - L i s  o r  S t a r  P a t t e r n
As originally described, the ELD flap used a variation of the three-pointed fleur-de-lis
pattern;6,10 a superior extension increased the amount of skin harvested with the flap
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FIG. 12-8 (A) Patient with small breasts who requires a right modified radical mastectomy. (B) Plan for an ELD flap using a
horizontal elliptical pattern. (C) Result of the ELD flap reconstruction. (D) Donor site.



while still allowing primary closure of the donor site. This approach, or the modifica-
tion that uses a four-pointed star pattern (Fig 12-2), significantly increases the amount
of transferred skin and underlying fat. In most cases, the amount of tissue is sufficient
to create a mound that will adequately match the opposite breast.

The disadvantage of this approach is that the donor site scarring is extensive and
(if a star pattern is used) may include a junction of vertical and horizontal scars. Wound
breakdown at this point is not rare (Fig 12-8) and can be difficult to manage postop-
eratively. Even when primary healing occurs, the donor scars are often visible when the
patient wears a bathing suit or a low-backed gown.

T h e  H o r i z o n t a l  P a t t e r n  w i t h  S u p e r f i c i a l  U n d e r m i n i n g
An alternative to the star or fleur-de-lis pattern is a simple horizontal ellipse, which
makes the flap as wide as possible yet still permits primary donor site closure (Fig 
12-6). The skin above and below the skin paddle is undermined at the level of the dor-
sal analogue of Scarpa’s fascia, leaving subcutaneous fat deep to that fascia attached to
the latissimus dorsi muscle. This deep fascia and fat are then transferred with the flap,
increasing its volume.

The advantage of this approach is that the donor scar is limited to a transverse
line that is more easily hidden by clothing. The disadvantages include the possibility
that insufficient tissue may be transferred, necessitating use of a small implant to form
a symmetrical breast mound, and the risk that the skin of the back may be overly
thinned, giving the back a skeletonized look. Moreover, excessive thinning of back skin
can lead to insufficient blood supply, skin necrosis, and wound breakdown at the donor
site.

L o w  H o r i z o n t a l  E l l i p t i c a l  P a t t e r n
In this approach, advocated by Professor Neven Olivari, the flap is harvested from lower
in the back where the layer of fat is thicker (Fig 12-9). There is also more laxity and,
if the flap is extended anteriorly, the fat is similar to that found in the TRAM flap and
is therefore easier to shape. The advantages of this technique are that there is more avail-
able tissue and the donor site scar is less visible. The disadvantages are that a separate
incision is required for access to the pedicle of the flap in the axilla and that the blood
supply of the flap (situated farther from the pedicle) may be less reliable.

W h i c h  D e s i g n  I s  B e s t ?
I generally prefer the fleur-de-lis pattern for most patients because it provides more tis-
sue and is likely to permit adequate reconstruction without using an implant. This de-
sign also provides better exposure of the flap’s pedicle. When only a small breast is re-
quired, however, I use a simple horizontal ellipse since it leaves a more aesthetic donor
site scar. I generally leave some subcutaneous fat attached to the muscle above and be-
low the skin paddle, but I am not radical about this undermining because I want to
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Elevating and Transferring the Flap 171

FIG. 12-9 Design for an ELD flap using the low horizontal skin pattern. This provides more
tissue and a less visible scar, but somewhat reduced blood supply to the flap.

avoid skeletonizing the back. I have not personally used the low elliptical pattern enough
times to judge it fairly but have seen good results from it and plan to use it again.

E l e v a t i n g  a n d  T r a n s f e r r i n g  t h e  F l a p
After the flap is designed, the patient is placed on the operating table in the lateral de-
cubitus position on a beanbag, to prevent shifting (Fig 12-10). The skin above and be-
low the flap is undermined at the level of the dorsal analogue of Scarpa’s fascia (Fig 12-
11), or deeper. The back flaps should be left sufficiently thick that vascularity is not
compromised. When the superior and lateral edges of the muscle are reached, the dis-
section is deepened, exposing the muscle borders.

The latissimus dorsi muscle is then separated from the underlying tissue, begin-
ning superomedially near the lower edge of the scapula. Blunt dissection with a finger
is often helpful in safely creating a plane between the latissimus muscle and the rib cage
superior to the serratus anterior muscle, just inferior to the pedicle (Fig 12-12). The
blunt dissection is continued to the lateral border of the muscle, to establish the proper



plane. Once this plane is established, it can be followed inferiorly and laterally, en-
suring that the serratus anterior muscle will not be inadvertently elevated with the 
ELD flap.

As the dissection proceeds, loose fatty tissue will be seen deep to the latissimus
dorsi muscle, attached to its fascial connections with the serratus anterior muscle. At
this level, the blood supply to the latissimus dorsi muscle is quite good. Much of this
fat can therefore be left attached to the flap, increasing its volume (although at the price
of increasing the skeletonization of the back).

As the dissection proceeds distally, the blood supply to the latissimus dorsi mus-
cles becomes less robust. At the lower edge of the latissimus dorsi muscle, flap perfu-
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Scarpa’s
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Muscle fascia

Muscle

FIG. 12-11 Undermining the skin at the level of a fascial layer similar to that of Scarpa. The
layer is always present but not always obvious. It is better to undermine in a plane that is too
deep than to risk making the back flaps excessively thin.

FIG. 12-10 Patient placed on a beanbag, in the lateral decubitus position. The beanbag be-
comes rigid after evacuation of air from the bag, keeping the patient stable even when the table
is rotated.



sion may be poor. Although abundant subcutaneous fat surrounds the distal muscle at
this location, its transportability is uncertain. The amount of inferior fat left attached
to the muscle should therefore be limited, especially in patients who smoke.

Once the flap is freed up inferiorly, the thoracodorsal vessels are identified, and
the latissimus insertion divided above them, superior to where the pedicle joins the mus-
cle. A tunnel is then created high in the anterior axilla to join the pedicle dissection and
the breast pocket on the anterior chest. This breast pocket is dissected just superficial
to the pectoral muscles, re-creating the defect of the original mastectomy by reopening
the original mastectomy scars. The dissection is facilitated by rotating the table so that
the patient is almost supine. The limit of this dissection is the mirror image of the bor-
ders of the opposite breast, which will have previously been determined with the pa-
tient standing upright.

Once the breast pocket is created, the flap is passed through the tunnel and into
it. The vascular branches from the thoracodorsal vessels to the serratus muscle are di-
vided should they interfere with flap rotation, but this is not required in every case. If
scarring is not extensive and if the thoracodorsal nerve can be freed up without en-
dangering the pedicle, that nerve is divided and a segment of the nerve removed to pre-
vent subsequent unwanted breast movement. The tunnel is partially closed inferiorly,
to better define the posterior border of the breast, but is left sufficiently open that the
pedicle is not compressed.

C l o s i n g  t h e  D o n o r  S i t e
The donor site should be drained (I use a 15-French round Blake drain), and is closed
in layers using 2-0 Vicryl (polygalactin 910) sutures for the deep fascia and dermal lay-
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FIG. 12-12 Blunt dissection with a finger is useful to identify a safe plane of dissection deep
to the latissimus dorsi muscle. This is best done just above the level of the scapular tip.



ers. The skin is closed with running subcuticular sutures of 2-0 Prolene (polypropy-
lene), supplemented with 3-0 or 4-0 chromic sutures at corners or other sites where the
closure is less secure. Donor site closure is facilitated by rotating the table past the lat-
eral decubitus position so that the patient is partly prone. Once the skin is closed, the
table is rotated again so that the patient is in a more supine position, and the breast
skin is closed temporarily over the flap with staples. The wound is then covered with
an adherent plastic drape to maintain some degree of sterility during the patient’s sub-
sequent repositioning.

S h a p i n g  t h e  B r e a s t
After closure of the donor site and temporary closure of the anterior chest, the drapes
and beanbag are removed, and the patient is repositioned on the operating table in
a supine position. Care is taken to ensure that the positioning is symmetric, and that
the back can be safely raised into a nearly upright sitting position. The patient is
then washed with antibacterial soap and redraped for the second phase of the oper-
ation.

Each ELD flap is different, and there is no one standard all-purpose shaping tech-
nique. Certain general principles, however, can be used to achieve a better and more
consistent breast shape.

First, the breast pocket dissection should always extend to the limits of the mir-
ror image of the opposite breast, and the flap should be sutured to the medial edges of
that pocket so that it cannot drift too far laterally. The inframammary fold should be
the mirror image of the opposite side. Gravity will position the flap inferiorly in the
pocket, so sutures are not usually required inferiorly, except perhaps toward the mid-
line. The existing native breast skin should be reexpanded to its original position as
much as possible by releasing all restricting scar tissue. Any remaining skin deficiency
will be made up using skin from the flap.

Care should be taken to re-create a posterior breast border, just as in reconstruc-
tion with a TRAM flap. This border should join the inframammary fold in a gentle
curve, giving the breast a rounded shape. The most common error is to place the su-
tures that form this lateral border too far laterally, leading to a breast that is too full
under the axilla.

If a star or fleur-de-lis pattern has been used, some of the points of the flap
can often be sutured together to give the flap a rounder, more globular shape (Fig
12-13). If a simple horizontal pattern was used, the flap is inset in a fashion similar
to that of a TRAM flap. If existing native breast skin covers the lower pole of the
breast, the flap can be bunched up beneath that lower pole skin to increase breast
projection.

Shaping of the breast is always more difficult with an ELD flap than it is with a
TRAM flap because the ELD flap is less soft and more rigid. Often, this rigidity will
cause palpable or even visible irregularities in the breast. With time, however, most of
this rigidity disappears, and it can therefore be ignored (Fig 12-14). Ultimately, with
the passage of time, soft, natural breasts are obtained in most cases.
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Augmenting the Reconstruction with a Small Implant 175

FIG. 12-13 The tips of the star or fleur-de-lis can be sutured together to form a somewhat
globular mass of soft tissue.

FIG. 12-14 (A) A 31-year-old woman after a left modified radical mastectomy. (B) Immediately after reconstruction with an
ELD flap, the reconstructed breast was somewhat irregular and lumpy. (C) With time, the irregularities disappeared and the breast
became soft.
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P o s t o p e r a t i v e  C a r e
A 15-French round drain is placed under the flap and led out through a stab wound
in the axilla, where it is sutured securely to the skin. Postoperative pain in the donor
site can be significant but is usually short-lived. A patient-controlled analgesia pump is
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FIG. 12-15 (A) Wound separation in the donor site of an
ELD flap. This wound remained open for many months. (B)
Eventually the wound healed, but the scarring was unattrac-
tive. (C) Despite the donor site problems, the result in the
breast, augmented with a small saline implant, was reason-
ably good.
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helpful for the first few days. Most patients are fully ambulatory the day following
surgery and have no dietary restrictions. Most patients can be discharged between the
third and fifth postoperative days. Showers are permitted after the second postopera-
tive day.

Each drain should be left in place until its daily output is less than 25 ml 
for 2 consecutive days. In many cases, the donor site will continue to drain for 
many weeks. Applying antibiotic or povidone-iodine ointment to the drain site twice
daily will reduce local inflammation and make the presence of the drain easier to
tolerate.

If a wound separation occurs in the donor site, healing can be delayed for many
months (Fig 12-15). For that reason, it is essential not to resect excessive skin when
harvesting the flap. This is a complication that is easier to prevent than to treat. If donor
wound dehiscence does occur, it must be managed conservatively by obtaining depen-
dent drainage and allowing the wound to heal secondarily. After healing, the wound
can subsequently be revised to improve its appearance.



A u g m e n t i n g  t h e  R e c o n s t r u c t i o n  
w i t h  a  S m a l l  I m p l a n t
Occasionally the ELD flap will not provide sufficient tissue to match the contralat-
eral breast. In most cases, the preferred solution to this problem is a contralateral
breast reduction. If the opposite breast is small, however, the patient may prefer to
augment the reconstructed breast with a small (150-cc) implant. Although this might
seem to defeat one of the principle advantages of extending the standard latissimus
dorsi flap, in fact the implant is tolerated better under an ELD flap than under a stan-
dard latissimus dorsi flap because there is more autologous tissue overlying the im-
plant to camouflage capsule contracture. This is especially true when the implant is
small relative to the size of the breast. Although I prefer not to use an implant if pos-
sible, I do not hesitate to use one if the overall result will be improved and the pa-
tient is willing to accept the necessary risks. When I do use an implant, I generally
prefer a saline-filled one since the risk of capsular contracture is lower than it is when
silicone gel–filled implants are used.

S u m m a r y
The ELD flap is a useful technique for breast reconstruction in patients who are not
good candidates for TRAM flaps. The ELD flap is technically simple yet capable of
achieving excellent results. It is most useful for very obese patients and for patients older
than 65 years. It can also be used successfully in patients who have very small breasts
and therefore do not require transfer of much tissue volume. The ELD technique has
the disadvantage of leaving a significant donor site scar, but many patients do not find
that objectionable and believe that the donor site scar is more than compensated for by
the technique’s simplicity and relatively short convalescence.
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The Superior 
Gluteal  Free Flap13

A d v a n t a g e s  o f  t h e  
S u p e r i o r  G l u t e a l  F r e e  F l a p
In the early days of autologous tissue breast reconstruction, the superior gluteal free flap
was a popular technique with surgeons who advocated free flaps for breast reconstruc-
tion.1,2 Its advantages are a reasonably inconspicuous donor site, an abundance of avail-
able tissue, and the potential to be used for bilateral breast reconstruction (harvesting
a second flap from the contralateral side) without requiring that both breasts be recon-
structed simultaneously.

In its heyday, the superior gluteal flap was considered an important alternative for
patients in whom a transverse rectus abdominus myocutaneous (TRAM) flap was con-
traindicated. It could be performed in patients who had undergone previous TRAM
flaps or abdominoplasties, and it had the advantage (significant for patients with a pot-
belly habitus) of not weakening the abdominal wall.

Today, the superior gluteal flap is used much less frequently than in years gone
by, in large part because of the current availability of new alternatives (such as the in-
ferior gluteal flap,3–5 the extended latissimus dorsi flap,6,7 and the Rubens fat pad flap8),
all of which are technically easier to perform. However, a new and improved version of
the superior gluteal free flap, the superior gluteal artery perforator (S-GAP) flap, has re-
cently revived interest in superior gluteal free flaps. Consequently, these flaps may once
again become used as a donor site for breast reconstruction.

D i s a d v a n t a g e s  o f  t h e  
S u p e r i o r  G l u t e a l  F r e e  F l a p
The superior gluteal free flap has two main disadvantages. First, and most important, is its
technical difficulty. Even for experienced microsurgeons, the very short pedicle of the flap



(2 to 3 cm) makes performance of the anastomoses technically difficult and often man-
dates the use of vein grafts. Also, the vessels forming the pedicle (especially the vein) are
fragile and tedious to dissect. Technically, the free TRAM flap is a much easier operation.

Second, even though the donor site is covered by clothing, harvest of a superior
gluteal flap changes the contour of the buttock in a way that can be visible through
clothing, especially when the patient is wearing pants (Fig 13-1). Although this con-
tour alteration is not severe and is symmetrical in patients undergoing bilateral breast
reconstruction, it can be a significant disadvantage for patients undergoing unilateral
reconstruction. Surgical alteration of the opposite buttock can correct this asymmetry,
but that approach precludes the possibility of performing a contralateral superior gluteal
flap in the future, negating one of the chief advantages of the technique.

I n d i c a t i o n s
The superior gluteal free flap can be performed in any patient who has excess tissue in
the buttock and who desires autologous tissue breast reconstruction. In practice, this
technique is rarely a first choice but is considered primarily for patients who cannot be
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FIG. 13-1 Donor site of a superior gluteal free flap. Although the deformity is not severe, it is
not always concealed by clothing, especially if the patient is wearing tight pants. (From Kroll SS:
The superior gluteal free flap for breast reconstruction. In: Schusterman MA, ed. Microsurgical Re-
construction of the Cancer Patient. Philadelphia: Lippincott-Raven; 1997: Used with permission.)



reconstructed with TRAM flaps. Even in that situation, because of the shortness of the
pedicle, the superior gluteal flap is usually not the alternative of choice. In my own
practice, I rarely use the superior gluteal flap. Nevertheless, microsurgeons who perform
autologous tissue breast reconstruction should be aware of this technique and know how
to do it. This is especially true if they wish to progress to the use of S-GAP flaps.

C o n t r a i n d i c a t i o n s
The superior gluteal flap is contraindicated in patients who have insufficient tissue in
their buttocks to donate a flap of adequate size. The technique is also best avoided if
the patient will not allow harvesting of a vein graft. As with any free flap, absence of
adequate recipient vessels and abnormal blood clotting are also contraindications.

F l a p  D e s i g n
The flap is oriented transversely on the upper buttock, with the medial portion of the
flap overlying the superior gluteal vessels. Flap design begins by outlining the sacrum
and then marking the location of the posterior superior gluteal spine (Fig 13-2). A line
is then drawn connecting the posterior superior gluteal spine and the greater trochanter
of the femur. The superior gluteal artery is usually located on that line, one third of the
way between the spine and the greater trochanter.

The flap’s skin paddle should be no wider than is necessary to obtain the tissue
required to reconstruct the breast. Excessive tissue harvest greatly increases donor site
deformity and should be avoided. The exact shape and orientation of the flap will de-
pend on the patient’s anatomy and on where laxity exists in her buttock.

S u r g i c a l  T e c h n i q u e
The superior gluteal flap can be used for either immediate or delayed breast recon-
struction. In immediate reconstruction, the reconstructive surgeon begins elevating the
flap from the buttock immediately following the mastectomy. In delayed reconstruc-
tion, dissection of the recipient site should precede flap elevation, to ensure that ade-
quate recipient vessels exist before committing to the procedure.

P o s i t i o n i n g
The patient must be positioned on the operating table in such a way that access to both
the breast and the buttock is possible. This is accomplished by placing the patient supine
with her arms outstretched and her legs crossed so that the ipsilateral buttock is exposed
(Fig 13-3). Leg compression boots are used to reduce the risk of thrombophlebitis.
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FIG. 13-2 Designing the superior gluteal free flap. The first step is to outline the sacrum and
mark the location of the superior gluteal vessels, which the skin paddle is designed to overlie.
(From Kroll SS: The superior gluteal free flap for breast reconstruction. In: Schusterman MA,
ed. Microsurgical Reconstruction of the Cancer Patient. Philadelphia: Lippincott-Raven; 1997: Used
with permission.)

FIG. 13-3 The patient is positioned supine on the table, with her legs crossed so that access
to both the breast and the buttock is possible.



Banking the table from side to side will permit access to the buttock for flap harvest
and to the chest for transfer of the flap.

E l e v a t i n g  t h e  F l a p
The initial incision is made with a scalpel, following the predetermined markings. Most
of the subsequent dissection is performed with electrocautery, however, to permit better
visualization of the anatomy. The dissection begins superiorly and is deepened to the
level of the gluteus maximus muscle. The muscle’s superior border is identified, and dis-
section continues around it, separating the gluteus maximus muscle from the underly-
ing gluteus medius muscle. The superior 5 cm of the gluteus maximus muscle is then
partially divided laterally, approximately 5 cm from the greater trochanter, so that the
muscle’s deep surface is visible. Branches of the superior gluteal vessels can then be found
entering the deep surface of the muscle. These blood vessels are followed proximally un-
til they join the superior gluteal artery and vein, just above the piriformis muscle.

Once the pedicle has been identified, the gluteus maximus muscle surrounding
the pedicle is divided, removing only that part of the muscle required to preserve in-
tegrity of the blood supply. The flap is then attached only by its pedicle, composed of
the superior gluteal artery and vein (Fig 13-4).

In most cases, the pedicle will be very short. Sometimes it is possible to extend the
length of the pedicle slightly by dissecting the superior gluteal vessels proximally for a short
distance, to where they emerge from the pelvis. This must be done with great care, however,
because if the vessels are disrupted, bleeding may be impossible to control because access is
limited. Often the vein will have several branches. Although these branches are fragile and
tedious to ligate, the surgeon can make use of their presence by identifying one that matches
the size of the recipient vein on the chest wall and using it for the venous anastomosis.
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FIG. 13-4 The flap attached to the buttock by the superior gluteal vessels, with vessel loops
around them.



H a r v e s t i n g  a  V e i n  G r a f t
The most common recipient vessels in breast reconstruction with the superior gluteal
free flap are the internal mammary vessels. Because these vessels are located close to the
reconstructed breast, it is sometimes possible to transfer the superior gluteal flap with-
out using a vein graft. In my experience, however, this transfer can be difficult because
the pedicle is so short. In many cases (and always if the thoracodorsal vessels are used
as recipients), harvesting of a vein graft will be necessary.

The most common donor site for this vein graft is the saphenous vein of the
lower leg. This is a large vein with thick walls, which perhaps makes it a reasonably
good substitute for an artery. The walls may be too thick for matching veins, how-
ever, especially thin-walled veins like the superior gluteal vein. Moreover, saphenous
vein grafts sometimes go into spasm. If this occurs and is not relieved by the appli-
cation of 2% papaverine solution, substitution of a cephalic vein segment for the
saphenous vein graft may be necessary. My own preference is to avoid the use of vein
grafts whenever possible, and to use the cephalic vein when a vein graft is necessary.

T r a n s f e r r i n g  t h e  F l a p
The flap can be anastomosed to the thoracodorsal vessels (Fig 13-5) or the internal
mammary vessels, depending on their availability and the surgeon’s preferences. Prepa-
ration of these donor sites is described in chapter 9 and will not be repeated here. Most
surgeons prefer the internal mammary vessels as recipients for this flap because of the
short length of the superior gluteal vessels.9–12

If vein grafts are required, and if the flap pedicle is very short, it may be advan-
tageous to anastomose the vein grafts to the flap on a back table, away from the pa-
tient. This makes these anastomoses much easier, since they can be performed on a
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FIG. 13-5 The flap transferred to the axilla, using vein grafts (arrow) to connect the superior
gluteal vessels to the thoracodorsal vessels.



level surface with the flap beneath the vessels out of the surgeon’s way. When the vein
grafts are subsequently anastomosed to the recipient vessels, the longer pedicle length
achieved by the vein grafts can make those anastomoses technically easier and more
comfortable.

S h a p i n g  t h e  B r e a s t
Shaping of the breast is similar to that of a TRAM flap (see chapters 16 and 17) ex-
cept that the superior gluteal flap is firmer and more difficult to mold. With time, how-
ever, the flap will settle and become fuller in the lower pole, improving its shape (Fig
13-6). The deep surface of the medial edges of the flap should be sutured to the me-
dial edges of the defect, using 3-0 Vicryl (polygalactin 910), to prevent lateral flap mi-
gration. The inframammary fold and lateral breast border are constructed just as with
a TRAM flap. If sufficient tissue is present, the flap is sculpted, around its periphery,
into a cone. A drain is placed beneath the flap and led out through a stab wound in
the axilla.

C l o s i n g  t h e  D o n o r  S i t e
The donor site is closed primarily, in layers. Dead space should be obliterated as much
as possible with deep sutures. The wound is drained, using a round suction drain (I
prefer a 15-French Blake drain) led out through a separate stab wound and sutured
securely to the skin. The skin is closed with buried dermal sutures of 3-0 Vicryl and
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FIG. 13-6 (A) Result of right breast reconstruction with a superior gluteal free flap. The left
breast was augmented for symmetry. Subsequently, the patient had a left mastectomy and un-
derwent another reconstruction, this time with an implant. See color insert, p. I-14. (B) The
donor site. See color insert, p. I-14. (From Singletary SE, Kroll SS: Adv Surg. 1996: 30:39–52.
Used with permission.)
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with running subcuticular sutures of 3-0 PDS (polydioxanone) or Prolene (poly-
propylene).

P o s t o p e r a t i v e  C a r e
Postoperative care is similar to that for a free TRAM flap (see chapter 11) except that
a nasogastric tube is not required and respiratory function is not interfered with. Pa-
tients get out of bed on the second postoperative day and are able to sit on a chair im-
mediately. Ambulation is not restricted. Each drain is left in place until its daily out-
put is less than 25 ml for 2 consecutive days. The running subcuticular sutures are
removed in 3 weeks. There are no limitations on lifting, and patients usually can be
discharged on the fifth or sixth postoperative day. As with TRAM flaps, revisions are
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FIG. 13-7 Result of right breast reconstruction with a superior gluteal free flap. The left breast
had previously been reconstructed with a TRAM flap. The donor site is shown in Fig 13-1.
(From Kroll SS: The superior gluteal free flap for breast reconstruction. In: Schusterman MA,
ed. Microsurgical Reconstruction of the Cancer Patient. Philadelphia: Lippincott-Raven; 1997:
179–189. Used with permission.)



often necessary and should be expected by the patient. Ultimately, the results can be
quite good (Fig 13-7).

S u p e r i o r  G l u t e a l  A r t e r y  P e r f o r a t o r  F l a p
Recently, a new version of the superior gluteal free flap has been described, the S-GAP
flap.13 This flap is based on the same underlying vascular anatomy as the superior gluteal
free flap, but leaves the gluteal muscle intact in the buttock. Perforating vessels from
the superior gluteal artery and vein are identified where they leave the gluteus maxi-
mum muscle and enter the fatty tissues. One or two of these perforators are dissected
out of the muscle using loupe magnification. The vessels are followed proximally to the
origin of the superior gluteal network. When elevated, the flap consists only of the skin,
fatty tissues, and the vascular pedicle. The blood supply is usually excellent, and the re-
sults can be quite good (Fig 13-8).

The S-GAP flap has a longer pedicle than the standard superior gluteal free flap
and therefore can usually be anastomosed to the internal mammary vessels without us-
ing a vein graft. It is still technically much more difficult than a free TRAM flap, how-
ever, and the tissues are less pliable and therefore more difficult to shape into a breast.
Nevertheless, this is a useful option that will undoubtedly become more commonly used
in the future. It is particularly useful for patients with excess buttock tissue who are
good surgical candidates but not suitable for a TRAM flap. For this group of patients,
it may well become the procedure of choice.

C o m p l i c a t i o n s
Although loss of the gluteus maximus muscle can affect ambulation, it is not necessary
to sacrifice function of the entire muscle to transfer this flap. Postoperative morbidity
is therefore usually limited to alterations in the patient’s contour.

Because of the technical complexity and the frequent need for vein grafts, total
flap loss is more likely with superior gluteal free flaps (although perhaps not with the
S-GAP flap since there is ordinarily no vein graft) than it is with free TRAM flaps. Par-
tial flap loss can occur but is not common.

S u m m a r y
The superior gluteal free flap is used for breast reconstruction less often today than in
the past. It is technically more difficult than the TRAM flap and has been replaced to
some extent by techniques like the inferior gluteal and Rubens fat pad free flaps. Nev-
ertheless, the superior gluteal free flap is capable of excellent results and should be known
to surgeons who perform breast reconstruction with autologous tissue. A recent modi-
fication of the superior gluteal free flap, the S-GAP flap, is a significant improvement
and will probably be used more commonly in the future.
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FIG. 13-8 (A) The S-GAP flap being elevated. Only the per-
forating branches of the superior gluteal vessels are harvested.
(B) The elevated flap contains no muscle. (C) The flap was trans-
ferred to the chest wall using the internal mammary vessels as
recipients. (D) Two weeks later, the result appeared to be ex-
cellent. The patient was not allowed to stand up without a
brassiere for support for 30 days to avoid tension on the short
pedicle. (E) The donor site deformity was not objectionable.
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The Inferior Gluteal  
Free Flap14

A d v a n t a g e s  o f  t h e  
I n f e r i o r  G l u t e a l  F r e e  F l a p
The inferior gluteal free flap1–3 is a useful alternative to the free transverse rectus ab-
dominus myocutaneous (TRAM) flap that allows successful autologous tissue breast re-
construction in patients who cannot have a free TRAM flap but who are otherwise good
surgical candidates. The transferred tissue is similar to that of a superior gluteal free
flap,4,5 but the flap pedicle is much longer (8 to 10 cm) and in most cases there is no
need for a vein graft (Fig 14-1). The donor site is relatively inconspicuous and is eas-
ily concealed by clothing. Bilateral reconstruction is possible without requiring that both
breasts be reconstructed simultaneously.

I consider this flap to be one of the best choices for patients who cannot have a
TRAM flap and are unwilling to accept the scar on the back that an extended latis-
simus dorsi flap would create. Although not technically simple, the inferior gluteal free
flap is capable of achieving truly outstanding results.

D i s a d v a n t a g e s  o f  t h e  
I n f e r i o r  G l u t e a l  F r e e  F l a p
The inferior gluteal free flap is easier to perform than a superior gluteal free flap, but
remains more technically challenging than a free TRAM flap. The patient must be po-
sitioned awkwardly, and the flap takes more time than a TRAM flap to perform. The
tissues in the flap are less pliable than those of the TRAM flap, so breast shaping is
more difficult. The inferior gluteal flap cannot be harvested at the same time that the
mastectomy is being performed, so in immediate reconstruction the reconstructive team
cannot begin raising the flap until the mastectomy has been completed.



I n d i c a t i o n s
An inferior gluteal free flap is indicated when patients cannot have a TRAM flap (be-
cause of a previous TRAM flap, a prior abdominoplasty, or a potbelly habitus) but de-
sire autologous tissue breast reconstruction. In rare cases, an inferior gluteal flap may
be indicated in patients with excess buttock tissue who could have a TRAM flap but
are not ideal candidates. In most cases, patients who require a TRAM flap alternative
can choose among an extended latissimus dorsi flap,6 a Rubens fat pad flap,7 or an in-
ferior gluteal free flap; the choice depends on the individual patient’s anatomy and her
personal preferences regarding donor site scars.

C o n t r a i n d i c a t i o n s
The inferior gluteal free flap is contraindicated in patients without sufficient buttock
tissue to allow flap harvest without unacceptable donor site deformity. It is also con-
traindicated in patients who are not in sufficiently good condition to undergo a lengthy
surgical procedure. As with any free flap, absence of adequate recipient vessels and any
tendency for abnormal blood clotting are also contraindications.

F l a p  D e s i g n
The flap is designed to straddle the inferior gluteal crease, harvesting tissue from the su-
perior posterior thigh as well as from the buttock proper (Fig 14-2). The skin paddle is
centered on the mid-axis of the thigh, at a point 2 to 3 cm above the inferior gluteal
crease. The skin paddle should be no wider than is necessary to obtain the tissue required
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FIG. 14-1 Pedicle of an inferior gluteal free flap (arrow), demonstrating its length.



to reconstruct the breast. Although beveling of the incisions can be used to increase the
amount of fat harvested, including excessive amounts of soft tissue increases donor site
morbidity and can create a deformity that is visible when the patient is wearing pants.

S u r g i c a l  T e c h n i q u e
Like the superior gluteal flap, the inferior gluteal flap can be used for immediate or de-
layed breast reconstruction. In immediate reconstruction, the reconstructive surgeon be-
gins elevating the flap from the buttock immediately following the mastectomy. In de-
layed reconstruction, dissection of the recipient site should precede flap elevation, to
ensure that adequate recipient vessels exist before committing to the procedure.

P o s i t i o n i n g
The patient must be positioned on the operating table in such a way that access to both
the breast and the buttock is possible. This is accomplished by placing the patient supine
with her arms outstretched and her legs crossed so that the ipsilateral buttock is exposed
(Fig 14-3). Leg compression boots are used to reduce the risk of thrombophlebitis.
Banking the table from side to side will permit access to the buttock for flap harvest
and to the chest for preparation of the recipient site and transfer of the flap. Because
of this table banking, however, it is difficult to work on both sites simultaneously.
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FIG. 14-2 Designs for both superior and inferior gluteal free flaps. In this patient, the inferior
gluteal flap was used.



E l e v a t i n g  t h e  F l a p
The initial incision is made with a scalpel, following the predetermined markings, while
most of the subsequent dissection is performed with electrocautery. The dissection be-
gins with the inferior incision, starting approximately 4 cm lateral to the ischial tuberos-
ity. The surgeon then identifies a deep neurovascular bundle consisting of the posterior
cutaneous nerve of the thigh and the continuation of the inferior gluteal artery, which
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FIG. 14-3 Positioning of the patient for an inferior gluteal free flap. The legs are crossed, and
compression boots are placed to reduce the risk of deep venous thrombosis.

Posterior cutaneous
nerve of thigh

Inferior gluteal
artery

FIG. 14-4 Anatomy of the inferior gluteal free flap, showing the continuation of the inferior
gluteal artery (which can often be located with a Doppler probe) running with the posterior cu-
taneous nerve of the thigh.



run together down the posterior thigh (Fig 14-4). This neurovascular bundle is ligated
and divided. The remainder of the cutaneous and subcutaneous portion of the flap is
then circumscribed.

Next, the continuation of the inferior gluteal artery is dissected along the deep
surface of the inferior gluteus maximus muscle. A small part of this muscle is harvested
with the flap (Fig 14-5), taking only what is required to preserve the vascular integrity
of the flap. The sciatic nerve is carefully identified and preserved. Under 4.5 power
loupe magnification the inferior gluteal vessels are traced proximally as far as possible,
ligating and dividing the many branches (Fig 14-6). Although this is tedious because
the venous branches are numerous and fragile, the surgeon can often use one of these
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FIG. 14-5 A small part of the muscle is harvested with the flap.



branches for the venous anastomosis if its size matches that of a recipient vein on the
chest wall, turning their presence into an advantage.

H a r v e s t i n g  a  V e i n  G r a f t
In most cases, a vein graft will not be necessary. I prefer to avoid vein grafts when-
ever possible, as I believe they greatly increase the risk of pedicle thrombosis. If a vein
graft is required, the most commonly used donor site is the saphenous vein of the
lower leg. This is a large vein with thick walls, which makes it a reasonably good sub-
stitute for an artery. The walls are somewhat thick for matching veins, however, es-
pecially thin-walled ones like the inferior gluteal vein. Moreover, saphenous veins
grafts sometimes can go into severe spasms. If this occurs and is not relieved by the
application of 2% papaverine solution, substitution of a different graft may be re-
quired. The best alternative, and in fact my preferred vein graft donor site for most
patients, is the cephalic vein. This vein is sufficiently strong to be a suitable graft for
an artery, but is much less prone to spasm than the saphenous vein is. In patients
who are willing to accept a scar on the forearm, I consider the cephalic vein to be the
donor site of choice.

T r a n s f e r r i n g  t h e  F l a p
The flap can be transferred to the thoracodorsal vessels (Fig 14-7) or the internal mam-
mary vessels, depending on their availability and the surgeon’s preferences. Preparation
of these donor sites is described in chapter 9 and will not be repeated here. The oper-
ating table is banked to render the chest nearly supine. The flap transfer is similar 
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FIG. 14-6 The inferior gluteal vessels have many branches that must be ligated and divided.
Often, however, one of them can be used in an anastomosis.



to that of a TRAM flap, except that the caliber of the inferior gluteal vessels is much
larger. If the discrepancy in vessel size is too great, using smaller side branches of the
inferior gluteal vessels (as noted above) can make the anastomoses easier and less prone
to complications.

S h a p i n g  t h e  B r e a s t
Shaping of the breast is similar to that of a TRAM flap (see chapters 16 and 17),
except that the inferior gluteal flap, like the superior gluteal flap, is firmer and more
difficult to mold. With time, however, the flap will settle and become fuller in the
lower pole, improving its shape. The deep surface of the medial edges of the flap
should be sutured to the medial edges of the defect, using 3-0 Vicryl (polygalactin
910), to prevent lateral flap migration. The inframammary fold and lateral breast
border are constructed just as with a TRAM flap. If sufficient tissue is present, the
flap is sculpted, around its periphery, into a projecting cone. A 15-French round
suction drain is placed beneath the flap and led out through a stab wound in the
axilla.
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FIG. 14-7 Anatomy of the thoracodorsal and internal mammary vessels, either of which can
be used as recipients.



C l o s i n g  t h e  D o n o r  S i t e
The donor site is closed primarily, in layers. Dead space should be obliterated as much
as possible with deep sutures. The sciatic nerve should be covered by muscle. The wound
is drained with closed suction (I use a 15-French round Blake drain) led out through
a separate stab wound and sutured securely to the skin. The skin is closed with buried
dermal sutures of 3-0 Vicryl and with running subcuticular sutures of 3-0 PDS (poly-
dioxanone) or Prolene (polypropylene).
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FIG. 14-8 (A) A 53-year-old woman scheduled for right mastec-
tomy. She had previously undergone abdominoplasty and therefore
was not a candidate for a TRAM flap. See color insert, p. I-16. (B)
Result of immediate reconstruction with an inferior gluteal free flap.
See color insert, p. I-16. (C) The donor site. See color insert, p. I-17.
(From Kroll SS: Clin Plast Surg. 1998;25:135–143. Used with per-
mission.)



P o s t o p e r a t i v e  C a r e
Postoperative care is similar to that for a free TRAM flap (see chapter 11) except that
nasogastric tube is not required and respiratory function is not interfered with. Patients
get out of bed on the second postoperative day. Ambulation is not restricted. Each drain
is left in place until its daily output is less than 25 ml for 2 consecutive days. The run-
ning subcuticular sutures are removed in 3 weeks. There are no limitations on lifting,
and patients usually can be discharged on the fifth or sixth postoperative day. As with
TRAM flaps, revisions are often necessary and should be expected by the patient. Ul-
timately, the results can be quite good (Fig 14-8).

C o m p l i c a t i o n s
The main risk of this procedure is that of total flap loss, which is more likely in a gluteal
free flap than in the technically more simple free TRAM flap. Since only a small piece
of muscle is sacrificed, ambulation is usually not affected. Postoperative morbidity is
usually limited to alterations in the patient’s contour, which can be significant if ex-
cessive tissue is harvested. Necrosis of part of the flap is possible but not common. Sci-
atic pain is possible if the sciatic nerve is not protected during the donor site closure,
or if it is injured during the dissection.

S u m m a r y
The inferior gluteal free flap is only rarely used for breast reconstruction but is capable of
achieving outstanding results. It is rarely the flap of choice when a TRAM flap can be
performed. It is technically much more difficult than the TRAM flap and cannot be raised
simultaneous with performance of the mastectomy. When performed correctly, however,
the inferior gluteal free flap leaves an inconspicuous donor site scar and is a good alter-
native for autologous breast reconstruction when a TRAM flap is not possible.
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The Rubens Fat 
Pad Free Flap15

A d v a n t a g e s  o f  t h e  R u b e n s  F l a p
The Rubens fat pad free flap (Rubens flap)1 is a useful alternative to the transverse rec-
tus abdominus myocutaneous (TRAM) flap for patients who have had a previous ab-
dominoplasty or TRAM flap and therefore cannot have another procedure that harvests
lower abdominal skin and fat, but who are otherwise good surgical candidates. The
Rubens flap supplies tissue with a consistency very similar to that of a TRAM flap, and
has an inconspicuous donor site. The pedicle of the flap is sufficiently long that vein
grafts are usually unnecessary, and in most cases, the caliber of the vessels is large enough
to permit relatively easy microvascular anastomoses (Fig 15-1). There are two potential
donor sites (one on each side), so that a second flap is available if required later.

D i s a d v a n t a g e s  o f  t h e  R u b e n s  F l a p
The Rubens flap has several disadvantages. It is technically more difficult than a TRAM
flap, and the blood supply to the flap is less robust. Harvesting a larger section of the
abdominal wall musculature improves flap perfusion but can lead to abdominal wall
weakness or hernia and increases the intensity and duration of postoperative pain. In
approximately 10% of patients, the deep circumflex iliac vein is small, making the ve-
nous anastomosis required to transfer the flap more difficult. Finally, depending on how
the flap is raised, part of the donor site scar may be visible in a bathing suit.

I n d i c a t i o n s
A Rubens flap is indicated in patients who are not candidates for a TRAM flap because
of a previous abdominoplasty or TRAM flap and who will not accept the donor site
scar associated with the technically easier extended latissimus dorsi myocutaneous flap.2
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FIG. 15-1 Rubens fat pad free flap, showing the long pedicle that usually allows breast recon-
struction without need for a vein graft.

FIG. 15-2 Design of the Rubens flap. The skin paddle is centered over the iliac crest.



The Rubens flap can be ideal for these patients if they have excess tissue in the flank
area but not in the buttocks (so that they are not equally good candidates for an infe-
rior gluteal free flap3,4).

C o n t r a i n d i c a t i o n s
A Rubens flap is not a good choice for patients with abdominal wall weakness that
might make them overly susceptible to hernia formation. Like a TRAM flap, a Rubens
flap is therefore contraindicated in patients with a potbelly habitus. It is also con-
traindicated in patients who have had previous surgery that has interrupted the deep
circumflex iliac vessels and in patients with morbid obesity. Like any free flap, the
Rubens flap is contraindicated in patients with an abnormal tendency for vascular throm-
bosis. It is also not a good choice for patients who are very obese.

F l a p  D e s i g n
The flap is designed over the flank, with the skin paddle straddling the iliac crest an-
teriorly and lying more superior to it posteriorly (Fig 15-2). The skin island is usually
approximately 10 cm in width but can be widened in some patients, and can be ex-
tended posteriorly to increase the volume of tissue being transferred. The flap can be
transferred to either side without any change in technique.

S u r g i c a l  T e c h n i q u e
The surgical technique is essentially identical to that required to perform a free osteo-
cutaneous iliac crest transfer for mandibular reconstruction,5,6 except that the bone por-
tion of that flap is left behind and only the soft tissues are elevated.

P o s i t i o n i n g
The patient is positioned supine, with pads under one buttock to elevate the hip and
improve access to the posterior part of the flap (Fig 15-3). The patient’s arms are ex-
tended to provide access to the axilla on the side of the reconstruction, and to the op-
posite arm for anesthesia and monitoring by the anesthetist.

E l e v a t i o n  o f  t h e  F l a p
I prefer to begin the incision directly over the femoral vessels, exposing the origin of
the deep circumflex iliac vessels deep to the inguinal ligament (Fig 15-4). This permits
the surgeon to evaluate the vascular pedicle of the flap (especially the vein) before com-
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mitting to making the remaining incisions. If the vein is judged to be inadequate, the
opposite side can be explored or an alternative technique selected. Once the decision
to proceed is made, the inguinal ligament is tagged with a suture and divided. The deep
circumflex iliac vessels are then dissected distally, following them as they curve along
the inner surface of the ilium, parallel to and approximately 2 cm from the edge of the
crest (Fig 15-5). Loupe magnification is essential to this part of the dissection because
many small branches must be clipped and divided. The ascending branch of the deep
circumflex iliac artery, which supplies the internal oblique muscle, does not need to be
included in the flap.
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FIG. 15-3 Patient positioning for a Rubens flap. Pads or towels are placed beneath the ipsi-
lateral buttock to elevate the hip.
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Deep circumflex
iliac vein and
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FIG. 15-4 The skin incision begins over the femoral vessels so that the deep circumflex iliac
vessels can be exposed and evaluated before the surgeon commits to the remaining incisions.



The lateral cutaneous nerve of the thigh should be identified and if at all possi-
ble should be left behind without being injured. If the nerve cannot safely be bypassed,
it should be divided cleanly and then microsurgically reapproximated after flap dissec-
tion has been completed.

Portions of the internal and external oblique muscles must be harvested with the
flap, in continuity with the overlying skin paddle (Fig 15-6). Including more muscle
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FIG. 15-5 Anatomy of the deep circumflex iliac vessels on the inner surface of the iliac crest.
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FIG. 15-6 Portions of the internal and external oblique muscles are harvested in continuity
with the flap. Increasing the amount of muscle harvested can improve flap blood flow but in-
creases donor site morbidity.



will improve the flap’s blood supply but will make donor site closure more difficult, in-
crease postoperative pain, and increase the risk of postoperative hernia. How much mus-
cle to include is a decision based on surgical judgment, which comes only with experi-
ence; but a segment of muscle 4 to 5 cm wide and 10 to 12 cm long would be reasonable.
The periosteum overlying the iliac crest should be separated from the bone and included
with the flap, to capture any perforators running along the bone.

Once dissection of the flap is completed, it is left attached by the deep circum-
flex iliac vessels (Fig 15-7) and allowed to perfuse while the recipient site (which can
be either internal mammary or thoracodorsal vessels) is prepared. Spasm of the blood
vessels, if present, should be treated with local application of 2% papaverine solution
and with careful examination of the artery under magnification to ensure that it has no
unrepaired open branches.

T r a n s f e r r i n g  t h e  F l a p
The Rubens flap is transferred just like a TRAM flap. Anastomoses are performed in
the axilla or on the chest wall depending on which recipient vessels are used. Even if
the thoracodorsal vessels are used as recipients, a vein graft is not usually required. I
usually prefer the thoracodorsal vessels for immediate reconstruction and the internal
mammary vessels for delayed reconstruction. As when planning a free TRAM flap, a
preoperative color Doppler ultrasonic examination should be obtained to evaluate the
internal mammary veins and select the best site for the anastomoses.

S h a p i n g  t h e  B r e a s t
Because the Rubens flap tissues are similar in size and consistency to those of a TRAM
flap, breast shaping is almost identical to the technique used to shape a TRAM flap.
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FIG. 15-7 A substantial amount of tissue can be raised, if desired. It is then left to perfuse in
situ while the recipient site is prepared.



The flap is sutured to the medial and superomedial edges of the mastectomy defect and
sculpted into the form of a breast. Preparation of the breast pocket, the inframammary
fold, and the lateral breast border is essential to successful breast shaping and is ac-
complished as described in subsequent chapters.

C l o s i n g  t h e  D o n o r  S i t e
Closure of the abdominal wall portion of the donor site defect must be secure and
solid to avoid a postoperative hernia. This is easier if too much muscle has not been
removed during flap harvest. The remaining portions of the internal and external
oblique muscles are firmly approximated to the iliac crest with heavy (No. 1 Prolene
[polypropylene] or Novafil [polyethylene]) running sutures. The lateral attachment
can be accomplished either by using drill holes in the iliac crest itself or by suturing
the abdominal wall muscles to the proximal tensor fascia lata and gluteal fascia where
they attach to the iliac crest. The inguinal ligament is repaired securely with heavy
interrupted sutures. The subcutaneous tissues are then closed in layers over a suction
drain.
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FIG. 15-8 (A) Patient with a history of previous abdominoplasty and bilateral breast reductions
(all performed outside the United States). She required a left mastectomy and desired immediate
breast reconstruction. (B) After immediate reconstruction with a Rubens fat pad free flap.
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P o s t o p e r a t i v e  C a r e
Postoperative care is similar to that for a free TRAM flap. The flap should be moni-
tored hourly for 3 full days.7 The patient is discharged on the fifth or sixth postopera-
tive day when she is fully ambulatory and able to care for herself. Stool softeners should
be used to avoid straining. Heavy lifting should be avoided for 3 months, and the pa-
tient should not attempt situps for at least 6 months. Postoperative pain may be more
intense and last longer than that caused by a TRAM flap, so pain medication should
be adjusted accordingly. As in any autologous tissue reconstruction, revision of the flap
is often necessary to achieve good breast symmetry. The final results can be excellent
and are similar to those achievable with a TRAM flap (Figs 15-8 and 15-9).

C o m p l i c a t i o n s
As after any breast reconstruction using free flaps, loss of part or all of the flap is pos-
sible and is best avoided by careful technique. Aside from flap loss, the two most seri-
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FIG. 15-9 (A) Patient with previous TRAM flap right breast reconstruction who developed a
second primary breast cancer on the left side. (B) The early result of immediate reconstruction
of the left breast with a Rubens flap harvested from the patient’s right side. The flap was ini-
tially planned to come from the left, but after exploration of the donor vessels a change in side
was elected. Note the similarity in the shape of the two breasts, suggesting that the tissues have
a similar consistency.
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ous complications associated with this procedure are abdominal wall weakness and dyses-
thesia of the anterior thigh. Abdominal wall weakness and hernia can be minimized by
harvesting only that muscle required to preserve the integrity of the blood supply to the
flap, and by securely closing the donor site. Dysesthesias of the anterior thigh are best
circumvented by avoiding any injury to the lateral femoral cutaneous nerve of the thigh
when the flap is raised.

S u m m a r y
The Rubens fat pad free flap is a relatively new procedure that can provide excellent
tissue for breast reconstruction in patients who cannot have TRAM flaps but who are
otherwise good surgical candidates. The flap is technically more difficult than a TRAM
flap but is capable of achieving equally excellent results. As with a TRAM flap, the
donor site scar is relatively inconspicuous, and bilateral reconstruction is possible. Along
with the extended latissimus dorsi flap and the inferior gluteal flap, the Rubens flap is
a reasonable alternative for patients who desire autologous tissue breast reconstruction
but because of previous surgery cannot undergo a TRAM flap procedure. At the time
of this writing, experience with this flap is relatively limited. In the future, as surgeons
become increasingly familiar with the Rubens flap, it will perhaps grow in popularity.
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Shaping the Breast 
Mound in Immediate 
Reconstruction

16

I
n this chapter I will consider the sequence of steps required to turn a transverse rec-
tus abdominus myocutaneous (TRAM) flap into a breast mound that, after appro-
priate revision and nipple reconstruction, will become a reconstructed breast that
both the surgeon and patient are pleased with. I will use the TRAM flap as the ex-

ample because it is by far the most commonly used flap for breast reconstruction, but
the principles presented here can be applied (with modifications that will be discussed
in other chapters) to any autologous tissue flap. In this chapter, I will consider the case
of unilateral immediate reconstruction. In chapter 18, I will review the modifications
that are required for bilateral immediate reconstruction.

G o a l  o f  S h a p i n g  i n  
U n i l a t e r a l  R e c o n s t r u c t i o n
Ideally, the surgeon’s goal in shaping the breast mound in unilateral reconstruction is
to match the opposite breast so closely that no revision is subsequently required to
achieve breast symmetry. Unfortunately, in practice that goal is seldom met. A more
realistic goal for most surgeons is to create a breast mound that can be made to match
the opposite breast with a reasonable amount of surgical revision (Fig 16-1).1

Some defects of shape are easy to correct, while others can be difficult or impos-
sible to rectify. Obviously, the ones that are nearly impossible to correct later must be
avoided. The shape abnormalities that are the most difficult to correct are malposition
of the inframammary fold and inadequate tissue medially. Correction can also be dif-
ficult if the entire breast is positioned too laterally. A simple excess of tissue in the lat-
eral or middle part of the breast mound, on the other hand, is relatively easy to correct
and sometimes is best accepted (especially when trying to make a very small breast) dur-
ing the initial breast mound reconstruction if reducing the mound too much might
jeopardize blood supply to the rest of the flap.



E f f e c t  o f  F l a p  T y p e  a n d  
R e c i p i e n t  S i t e  o n  S h a p i n g
The type of flap that is used can significantly affect the shaping process. Because of the
excellent blood supply of the free TRAM flap, aggressive shaping maneuvers like fold-
ing or sculpting the flap can generally be performed with relative safety when a free
TRAM flap has been performed. Conversely, if a pedicled TRAM flap or a deep infe-
rior epigastric perforator (DIEP) flap has been used, shaping must usually be less ag-
gressive because the blood supply is usually less robust. Naturally, there is considerable
variation between flaps, and the blood supply of each flap must be assessed individu-
ally. The surgeon should not try to shape a free TRAM flap aggressively if that partic-
ular flap has a relatively poor blood supply just because most other free TRAM flaps
will tolerate it.

If a free flap is used, the recipient site that is chosen can also affect the shaping
process. Shaping is easier if the internal mammary vessels are used as recipients because
the vascular pedicle and the muscle around it can be positioned in the center of the
breast. Consequently, trimming of the flap around the periphery can be done with rel-
ative impunity, without jeopardizing the blood supply of the flap. If the thoracodorsal
vessels are used, the flap pedicle may be too short to position the entrance of the blood
vessels into the flap in the center of the breast. The surgeon may then be unable to thin
the flap laterally as much as he or she desires without risking injury to the vascular pedi-
cle of the flap.

Even so, the thoracodorsal vessels are usually the recipient vessels of choice when
performing immediate reconstruction and when an axillary dissection has been per-
formed. In that situation, the thoracodorsal vessels have already been exposed and are
readily available for use. This ready availability is a strong argument that carries more
weight than the relatively poorer position of the recipient site, a problem that can be
overcome in most cases by making the vascular pedicle of the free TRAM flap as long
as possible.
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FIG. 16-1 (A) Result of immediate breast mound reconstruction with a free TRAM flap, before revision. (B) Plan for removal
of skin and fat from upper outer quadrant. (C) After revision, which was performed using local anesthesia, the symmetry is im-
proved.
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In this chapter, I will discuss shaping from the point of view of the surgeon who
is using a free TRAM flap with the thoracodorsal vessels as recipients. If the internal
mammary vessels are used instead, the shaping process is identical except that (1) re-
constitution of the lateral breast border is easier, since the pedicle is not in the way, and
(2) trimming the flap peripherally is easier and can be performed more aggressively. If
a pedicled TRAM flap is used, folding and sculpting of the flap must be less aggressive,
with some of the shaping being deferred until the flap is revised, at which time its blood
supply will be more secure.

A  S t e p - B y - S t e p  A p p r o a c h  
t o  B r e a s t  S h a p i n g
Each patient is unique, with different needs and distinctive challenges. Each breast re-
construction is therefore unique, forcing the reconstructive surgeon to be creative and
innovative. Certain patterns repeat themselves, however, so a logical and step-by-step
approach to breast shaping can help greatly to achieve a successful result.

The steps required for breast shaping in immediate reconstruction are shown in
Table 16-1. If this sequence of steps is followed in a methodical way, breast shaping can
proceed fairly rapidly. By having a step-by-step approach, even though originality will
sometimes be called for, the surgeon can usually obtain consistent and successful results.

S k i n - S p a r i n g  M a s t e c t o m y
The use of a skin-sparing mastectomy2,3 simplifies breast shaping by preserving the in-
framammary fold and much of the breast skin envelope (Fig 16-2). In most cases, the
mastectomy incision will be made around the areola and then angle toward the axilla
to facilitate an axillary dissection (Fig 16-3). This provides good access for the general
surgeon to work in the axilla and allows maximum exposure of the breast mound to fa-
cilitate shaping, and is an excellent incision in most cases.
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TABLE 16-1 The Step-by-Step Approach to Breast Shaping in Immediate Reconstruction

BEFORE FLAP TRANSFER:
(1) Assess the viability of the mastectomy flaps
(2) Assess and if necessary repair the inframammary fold

AFTER FLAP TRANSFER:
(3) Create the lateral breast border
(4) Trim the flap medially
(5) Inset the flap medially and superiorly
(6) Create projection in the lower pole
(7) Trim the flap excess superolaterally
(8) De-epithelialize the buried skin
(9) Close the wound



It is also possible to perform a mastectomy with free TRAM flap breast recon-
struction through a periareolar incision (Fig 16-4). This has the obvious advantage of
reducing visible scarring on the breast mound. A separate incision in the axilla is re-
quired for nodal dissection and for anastomosis of the flap to the thoracodorsal vessels,
but this axillary scar is usually not objectionable to the patient. The main difficulty with
this approach is that access to the breast mound is restricted and shaping is therefore
more difficult. Because most breast scars fade with time and because the shape of the
breast is more important than the scars, in most cases I prefer the standard incision as
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FIG. 16-2 After bilateral skin-sparing mastectomy. The breast skin envelopes and inframam-
mary folds are largely preserved.

FIG. 16-3 Usual plan for a skin-sparing mastectomy, showing the incision around the areola
and the extension toward the axilla. This incision provides good access for both mastectomy and
reconstruction and minimizes scarring in the cosmetically important superior and medial parts
of the breast.



FIG. 16-4 (A) Patient with previous left modified radical mastec-
tomy who has a new breast cancer on the right and will need a mod-
ified radical mastectomy. (B) Intraoperative view of the bilateral
breast reconstruction, showing the periareolar incision used on the
right side. A separate incision is visible laterally for access to the ax-
illa. (C) The flap has been transferred to the axilla and anastomosed
to the thoracodorsal vessels. (D) Close-up view of the anastomosis,
showing that access and exposure are adequate. (E) The result 6
months later shows the cosmetic advantage of the periareolar inci-
sion. See color insert, p. I-13.E
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shown in Figure 16.3, but do find the periareolar approach useful in selected cases—
in particular, when the breasts are ptotic preoperatively and need a mastopexy. In that
case a wide periareolar incision can be used to allow good exposure of the breast mound
without the usual lateral extension of the scar. A concentric mastopexy and a round-
block suture can then be used at the end of the procedure to minimize the visible scar
and obtain a good result.

Regardless of which incision is used, the use of a skin-sparing mastectomy greatly
facilitates breast shaping. In theory, once the flap has been transferred all that is re-
quired is to trim the flap to the proper size and shape, suture it to the edges of the mas-
tectomy defect, reestablish the lateral breast border, and remove or de-epithelialize what-
ever TRAM flap skin is located under the mastectomy flaps. First, however, the surgeon
must make sure that the mastectomy flaps are viable and that the inframammary fold
has, in fact, been preserved.

E v a l u a t i n g  t h e  M a s t e c t o m y  F l a p s
Preservation of the skin envelope helps to shape the breast, minimizes visible scarring,
and provides skin that matches that of the opposite breast perfectly. This is, however,
successful only if the mastectomy flaps remain alive. If the oncologic surgeon has made
the flaps too thin, their blood supply may be compromised, causing parts of these flaps
to become necrotic. Small areas of mastectomy flap edge necrosis are of minimal con-
sequence (Fig 16-5), but large areas can significantly affect the quality of the recon-
struction (Fig 16-6).

If inadequate perfusion is discovered before the buried portion of the TRAM flap
has been de-epithelialized, the nonviable parts of the mastectomy flap can be debrided
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FIG. 16-5 (A) Small area of mastectomy flap
necrosis overlying a free TRAM flap. (B) Final
result shows minimal adverse effects from the
mastectomy flap necrosis.

A

B



and the TRAM flap skin used in their stead. The surgeon should therefore make every
effort to determine whether the mastectomy flaps are viable and, if they are not, how
much should be debrided, before committing himself or herself by de-epithelializing
the unexposed TRAM flap skin.

One simple test of skin viability is the capillary refill time. The surgeon presses
the handles of a hemostat against the skin of the flap (Fig 16-7) and then rapidly takes
the hemostat away. If the time it takes for the temporary blanching to disappear (the
capillary refill time) is 3 seconds or less, the flap is usually viable. If capillary refill takes
longer than 3 seconds, the skin in that part of the flap probably will not survive. The
test is fairly reliable in nonsmokers; however, in patients who smoke, the perfusion
sometimes deteriorates over the first few postoperative days, and more mastectomy flap
necrosis occurs than was anticipated.

Another test, but a less reliable one, is evaluation of bleeding at the flap edges. If
the mastectomy flap is rubbed or trimmed of 1 or 2 mm of skin along its edge and if
the initial bleeding is of bright red blood, viability is likely. If the initial bleeding is
dark, even if it subsequently turns a lighter shade of red, the flap edge will probably be-
come necrotic and should be debrided. Again, in patients who smoke, this test may un-
derestimate the eventual extent of skin loss.

The fluorescein test,4 which involves an intravenous injection of fluorescein fol-
lowed by evaluation of the skin flaps under a Woods lamp (ultraviolet light), is well
known but tends to underestimate the amount of viable skin and is therefore not rec-
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FIG. 16-6 (A) Large area of mastectomy flap necrosis caused by extension by the general surgeon of the mastectomy dissection
below the inframammary fold and across the midline. The patient was also a heavy smoker of cigarettes. (B) After secondary heal-
ing, the breast still has residual damage but looks far better than what might have been expected.



ommended. If the surgeon is very unsure about the extent of mastectomy flap viabil-
ity, the decision concerning the amount of skin to debride can be deferred by leaving
some intact TRAM flap skin under the questionable mastectomy flaps (JW May, per-
sonal communication, February 1997). If, after 3 days, the mastectomy flaps are fully
viable, the underlying TRAM flap skin can be de-epithelialized with the patient under
local anesthesia. Otherwise, the mastectomy flaps are debrided and the preserved TRAM
flap skin is used to surface the breast.

A s s e s s i n g  a n d  R e p a i r i n g  
t h e  I n f r a m a m m a r y  F o l d
Ensuring that the inframammary fold is correct is one of the most important steps in
breast mound reconstruction because an incorrect placement can be difficult or im-
possible to fix later. Moreover, dissection past the inframammary fold during the mas-
tectomy is a common error, one that can easily go unrecognized and cause the recon-
structed breast mound to be positioned too low. It is best to evaluate the inframammary
fold prior to transferring the TRAM flap to the chest wall because once the TRAM flap
is in place, it is more difficult to repair the inframammary fold, should that be neces-
sary. The fold under the opposite breast should be marked (Fig 16-8), and compared
to the position of the fold on the mastectomy side. If the fold on the mastectomy side
is too low, it must be reestablished with sutures (usually running 3-0 Vicryl [polygalactin
910] sutures). This can create irregularities and skin dimpling, but these usually disap-
pear with time and in any case are preferable to an inframammary fold that is posi-
tioned too low.
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FIG. 16-7 (A) In the capillary refill test, a hemostat handle is pressed tightly against the flap skin. (B) It is then rapidly removed.
If skin circulation is adequate, the pallor caused by pressure of the hemostat should disappear within 3 seconds.



The inframammary fold should be a smooth arc, which can be difficult to repro-
duce accurately with sutures. If, after suturing, the new fold is still too low, additional
sutures are placed to raise it. If it is much too high, the sutures are removed and re-
placed. If it is only slightly too high, however, the sutures can be left in place and in-
ferior dissection with electrocautery (just superficial to the sutures) can be used to cre-
ate a slightly lower fold. This often establishes a smoother fold than could be obtained
with sutures alone, but care must be taken not to make the inferior mastectomy flap
too thin and thereby jeopardize its blood supply.

S e c u r i n g  t h e  F l a p  t o  t h e  C h e s t  W a l l
In the case of any free flap, immediately after the anastomoses have been completed,
the flap should be secured to the chest wall so that the pedicle cannot inadvertently be
subjected to excessive tension. In the case of a free TRAM flap, this is best done by su-
turing the transferred rectus sheath (which holds sutures better than the muscle does)
to the pectoral muscle with 2-0 Vicryl or similar material (Fig 16-9). The surgeon must
remember, however, that the pectoral muscle does not hold sutures all that well and
will not adequately stabilize a large, heavy flap. If a perforator flap has been used, there
will be no rectus sheath and so the flap must be trimmed and then fixed directly to the
medial edges of the mastectomy defect, so that the flap cannot slip laterally. With ei-
ther type of flap, the pedicle should be loose so that arm movements and breast ptosis
will not cause tension, but the flap must be advanced medially enough that the breast
will not be positioned too laterally. Ideally, pedicle length permitting, the lateral tail of
the flap is minimally trimmed to simulate the natural curve of the lateral breast border
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FIG. 16-8 The inframammary fold of the opposite breast is marked after accentuating it by
manually displacing it inferiorly.
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FIG. 16-10 The lateral border of the flap is trimmed to approximate a gentle curve that sim-
ulates the normal shape of the breast. In this case a small fish-tail was created at the posterior
tip of the flap to replace the axillary contents.

FIG. 16-9 The transferred free TRAM flap is stabilized by suturing it to the chest wall with 2-0 Vicryl. Note the irregularity
along the lower edge of the flap at the site of the umbilicus; this will be hidden by the overlying mastectomy flap.



(Fig 16-10) and any remaining trimming is done medially, where the flap’s blood sup-
ply is weakest.

E s t a b l i s h i n g  t h e  L a t e r a l  
B o r d e r  o f  t h e  B r e a s t
If an axillary dissection has been performed, the latissimus dorsi muscle and adjacent
tissues will have been detached from the lateral chest wall, destroying the lateral border
of the breast. This lateral border will have to be reestablished with sutures (Fig 16-11).
The lateral border is usually located somewhere just anterior to the mid-axillary line but
varies slightly among patients; therefore, the opposite breast should be examined to help
position the border symmetrically. If the surgeon is lucky, there may be a palpable thick-
ening of the subcutaneous tissues where the oncologic surgeon stopped removing breast
tissue. This thicker subcutaneous tissue not only identifies where the lateral border was
but can be sutured to the chest wall (usually with 2-0 Vicryl) without dimpling the
overlying skin.

If the inframammary fold was correctly preserved, it can also help to position the
lateral breast border. The curve of the inframammary fold is followed into the axilla,
where it establishes the lower part of the lateral border. Often this maneuver will help
identify where the excision of breast tissue ended laterally, at least in the inferolateral
quadrant.

By reestablishing the lateral breast border with sutures, the surgeon prevents the
breast mound from drifting laterally into the axilla. These sutures also prevent the lat-
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FIG. 16-11 (A) Sutures are placed to form a lateral breast border by approximating lateral subcutaneous fatty tissue to the chest
wall. Here methylene blue was used to mark both the lateral breast border on the chest wall and the subcutaneous tissue that
would be sutured to it. (B) The sutures are tied to form a shelf that will support the reconstructed breast.



eral chest wall and axillary subcutaneous tissues from drifting posteriorly and thus re-
duce the otherwise common tendency toward excess subcutaneous fullness below the
axilla.

T r i m m i n g  t h e  F l a p  M e d i a l l y
The easiest way to estimate the size of flap required is to examine the mastectomy spec-
imen (Fig 16-12). Some surgeons weigh the excised breast,5–7 and this can be helpful.
In most cases, the thickness of the TRAM flap will be similar to that of the excised
breast, and the dimensions of the mastectomy specimen can therefore be applied to the
flap, at least as a rough guide.

A useful approach to medial trimming of the flap is to draw the estimated medial
border on the flap skin and then make the actual incision 1 cm medial to the mark-
ings (because at this stage it is better to err on the side of having a flap that is too large
rather than one that is too small). If vigorous bright red bleeding is found all along the
cut edge, hemostasis is obtained and the incised edge becomes the medial border of the
flap. If a free TRAM flap has been used, using well-perfused medial tissue in this way
effectively lengthens the pedicle of the flap and permits adequate medial fullness even
when the thoracodorsal vessels are used as recipient sites. If the flap is too large, it can
be trimmed laterally later. If bright red bleeding is not present at the medial incision,
a new medial incision is made slightly more laterally, closer to the flap pedicle. The sur-
geon should not hesitate to move this medial incision more laterally if there is any doubt
about the viability of the medial edge of the flap. Otherwise, he or she will sacrifice vi-
able tissue laterally to preserve nonviable tissue medially, and will only end up with me-
dial fat necrosis and an unsatisfactory result.

One of the advantages of the free TRAM flap is its excellent blood supply, which
supplies blood not only to the superficial portions of the flap but to the fat deep to
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FIG. 16-12 Typical mastectomy flap specimen. The thickness of the breast tissue is usually
similar to that of a TRAM flap.



Scarpa’s fascia as well. This robust perfusion allows the surgeon to use that deep fat
(which is usually discarded at the medial edge of the conventional TRAM flap) and su-
ture it to the medial edge of the mastectomy defect. The surgeon can then sculpt the
flap into something approaching a pyramid by removing the more superficial fat (Fig
16-13A). This aspect of breast shaping is not significant when the flap is very thin, but
can be important in other patients when the flap is sufficiently thick to be carved and
sculpted in this way. If a conventional TRAM flap has been used, or if a free TRAM
flap has a blood supply that is less robust than usual, it is usually better to suture the
de-epithelialized dermis to the medial edge of the mastectomy defect and to discard any
excess fat deep to Scarpa’s fascia in order to minimize the risk of fat necrosis (Fig 
16-13B).

S u t u r i n g  t h e  M e d i a l  F l a p  
B o r d e r  t o  t h e  M e d i a l  D e f e c t
Once the flap has been trimmed medially, it is sutured to the edges of the mastectomy
defect medially, superomedially, and inferomedially (Fig 16-14). This is done early to
help stabilize the flap (supplementing the fixation that has been performed earlier) and
make tension caused by pulling on the pedicle less likely. Moreover, this fixation will
facilitate subsequent de-epithelialization of buried TRAM flap skin. The sutures should
be placed 2 or 3 cm apart, with care taken to secure the flap to deep tissues so the skin
is not dimpled.

It is crucial to ensure that there is sufficient tissue in the inferior part of the breast
to provide fullness in the lower pole, where projection should be maximized. This should
be checked after the first few medial sutures are placed. If the breast is being positioned
too high, the sutures should be removed and replaced with the breast positioned more
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FIG. 16-13 (A) Attaching the medial border of a free TRAM flap. The deep fat is sutured to
the medial edge of the mastectomy defect, and the superficial fat is sculpted away to form a
cone. (B) After a conventional TRAM flap, the blood supply is less robust so the deeper fat
(deep to Scarpa’s fascia, which is not shown in this drawing) is usually discarded and the der-
mis and superficial fat are sutured to the medial edge of the mastectomy defect.



inferiorly. Excess tissue in the medial part of the breast is easily corrected after the me-
dial insetting is complete, simply by removing skin and superficial fat. If the medial
flap border causes a noticeable ridge under the skin (Fig 16-15A), removing the dermis
along the edge of the flap will usually soften the edge and correct the problem 
(Fig 16-15B).

M a x i m i z i n g  P r o j e c t i o n  
o f  t h e  L o w e r  P o l e
In the initial breast mound reconstruction, it is difficult if not impossible to reproduce
the conical projection under the nipple of a natural breast with a TRAM flap, which
by its very nature is flat. Projection can be increased, however, in the lower pole. This
is easiest after a skin-sparing mastectomy, because the inferior mastectomy flap can be
used to hide bunching or folding of the TRAM flap beneath the breast skin envelope.
In thinner patients who have a defect in the TRAM flap caused by removal of the um-
bilicus, the skin bridge inferior to this hole can be divided and the two parts of the
TRAM flap folded over one another (Fig 16-16). If there is no umbilical defect, the
TRAM flap in the lower pole is simply bunched together with sutures (Fig 16-17). In
either case, any distortion in the TRAM flap itself is disguised by the overlying mas-
tectomy flap.
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FIG. 16-14 The flap is sutured to the edges of the mastectomy defect medially, superomedi-
ally, and inferomedially so that the medial contour of the breast is maintained.
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FIG. 16-15 (A) The medial edge of the flap can sometimes cause a ridge that can be visible through the mastectomy flaps. (B)
After the peripheral 1 cm of dermis is removed, the ridge is significantly softened.

FIG. 16-16 The two parts of the TRAM flap on either side of an umbilical defect can be folded
over each other to increase lower pole projection. This is camouflaged by the overlying mastec-
tomy flap.

FIG. 16-17 If there is no umbilical defect in the TRAM flap, lower pole projection can be in-
creased by bunching up the lower edge with sutures.



T r i m m i n g  t h e  F l a p  L a t e r a l l y  
a n d  S u p e r i o r l y
The TRAM flap (unless already very thin) must be thinned superiorly (Fig 16-18) to
blend in naturally with the infraclavicular area and avoid unnatural superior fullness. If
the flap is wide enough (in its inferior-to-superior dimension), the superior edge of the
flap should be sutured to the superior edge of the defect, as was done medially (Fig 
16-19). This will keep the flap from settling inferiorly too much and creating an infra-
clavicular hollow (Fig 16-20). The reconstructive surgeon should try to find a thicken-
ing in the superior mastectomy flap, where the oncologic surgeon began removing less
subcutaneous tissue, to which the TRAM flap can be sutured. This will allow the re-
construction to blend into the surrounding tissues as well as provide a place for the su-
tures to hold without dimpling the skin. The superior sutures can also be designed to
include underlying muscle for additional stability.

If the flap is not wide enough and the superior sutures position the flap too high
and prevent the flap from being sufficiently full in the inferior pole, the superior su-
tures can be removed and the risk of an infraclavicular hollow accepted. This is done
for the obvious reason that it is more important to achieve lower pole projection than
to avoid an infraclavicular hollow. The surgeon should be aware, however, that lower
pole projection will usually increase with time because of the effects of gravity. Also,
the lack of inferior pole projection can sometimes be corrected later, while an infra-
clavicular hollow is very difficult to correct. An infraclavicular hollow should therefore
not be accepted unless the lack of lower pole projection is significant.

If the flap blood supply is good, thinning can be performed superficially, as was
done medially, to sculpt the breast into a pyramid. If the flap blood supply is weaker
than usual (especially in a conventional TRAM flap) it is better to discard the deeper
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FIG. 16-18 The superior edge of the flap (arrows) is thinned to blend into the infraclavicular
chest wall.



Trimming the Flap Laterally and Superiorly 227

FIG. 16-19 The superior edge of the flap is sutured to the upper edge of the defect to avoid
an infraclavicular hollow.

FIG. 16-20 An infraclavicular hollow, which was caused by inadequate fixation of the flap su-
periorly.



fat, which has a greater tendency to develop fat necrosis, and retain the better-vascu-
larized dermis and superficial fat.

The most common abnormality of shape following TRAM flap breast recon-
struction is excess tissue laterally, especially superolaterally (Fig 16-21). The surgeon
should make special efforts to avoid this by trimming the flap laterally and superolat-
erally (Fig 16-22), to minimize the need for revision. Often this trimming is accompa-
nied by considerable bleeding because the flap tissue at this point is close to the pedi-
cle and has a particularly good blood supply. It is tempting to put off some of this work
until another day because this lateral trimming comes near the end of the operation
when the surgeon is fatigued. Unless the surgeon is concerned about jeopardizing the
blood supply to the flap, however, he or she should persevere and make every attempt
to achieve symmetry in the initial procedure.

S i t t i n g  t h e  P a t i e n t  U p r i g h t  
t o  E v a l u a t e  t h e  B r e a s t
Following any breast reconstruction, the appearance of the patient in the upright
position is what determines the quality of the result. After the initial breast mound
shaping has been completed, the patient should be placed in a sitting position to
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FIG. 16-21 (A) Preoperative photo. (B) After immediate free TRAM flap reconstruction us-
ing the thoracodorsal vessels as recipients, showing the most common postoperative shape ab-
normality: excess fullness laterally.

A B



evaluate the breast and determine the need for adjustments. Although the patient
cannot be sat completely upright, the surgeon should try to get her as upright as
possible. First, the table should be lowered completely. Next, the back of the table
is raised (slowly, and combined with raising the patient’s legs as well to avoid a drop
in blood pressure). Finally, reverse Trendelenburg position is used to sit the patient
up more completely (Fig 16-23). The anesthesiologist will have to ensure that the
intravenous lines and airway tubing are long enough to allow this. The surgeon then
goes to the foot of the table to evaluate breast shape, size, and position. The oper-
ating lights should be turned off or away from the patient, so that they do not illu-
minate the patient’s torso asymmetrically and thereby interfere with the evaluation
of symmetry.

The drapes that usually cover the patient’s head and shoulders can sometimes
make it difficult to tell if she is leaning off to one side. It is helpful to try the sitting
position prior to the operation but after anesthesia induction, to make sure that the pa-
tient is positioned symmetrically on the operating table. It is also helpful, when possi-
ble, to drape the patient so that the tips of the shoulders are exposed (Fig 16-24). That
way, if the patient does lean to one side when the anesthesiologist sits her up, the sur-
geon will be aware of the problem and can compensate for it to some degree by tilting
the operating table to one side.

Although the best way to assess breast shape is with the patient in the upright po-
sition, the surgeon should also assess the symmetry from below, with the patient supine.
If symmetry is good in that view (Fig 16-25), it will more often than not also be ex-
cellent when the patient is upright. This view from the foot of the bed can be very help-
ful in fine-tuning the shaping of the breast both in the initial breast mound creation
and in subsequent revisions.

Once the desired volume and shape are achieved, the mastectomy flaps are re-
placed (Fig 16-26) and once again checked for viability. All that then remains to com-
plete the breast shaping is the TRAM flap de-epithelialization and skin closure.
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FIG. 16-22 The flap is trimmed laterally and superolaterally.
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FIG. 16-23 The back of the operating table is elevated to place the patient as close to an up-
right sitting position as possible. Reverse Trendelenburg position will help to achieve this.

FIG. 16-24 When the patient is draped, the tops of the shoulders should be left exposed so
that the surgeon can ensure that the patient is oriented correctly when she is sitting up.



D e - E p i t h e l i a l i z i n g  t h e  B u r i e d  S k i n
Once the viability of the mastectomy flaps has been ascertained, the unexposed skin of
the TRAM flap must be de-epithelialized. In doing this, the surgeon should try to keep
the de-epithelialization superficial and stay out of the subdermal plexus to minimize
bleeding and maintain the circulation to the most distal parts of the flap. At the edges
of the flap, however, the dermis is often best removed to soften the contour and avoid
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FIG. 16-25 View of the reconstructed breast from the foot of the bed with patient supine.
This view is very helpful in evaluating breast symmetry, especially if the patient cannot be sat
completely upright.

FIG. 16-26 The mastectomy flaps are replaced, and the exposed TRAM flap skin is marked.
The remaining skin will be de-epithelialized.



a visible ridge under the skin. De-epithelialization is tedious. When using electrocautery
or a scalpel, it is greatly facilitated by lateral traction on the flap applied by an assis-
tant. The de-epithelialization can be performed with either a scalpel, electrocautery, a
laser, or large sharp scissors. Any of these methods can be effective, provided that the
subdermal plexus is disturbed as little as possible. The use of large, sharp scissors (Fig
16-27) has the advantage that traction by an assistant is not required so that two sur-
geons can work on the de-epithelialization simultaneously. Whatever the technique se-
lected (I currently am using Supercut scissors), care should be taken to avoid inadver-
tent traction on the flap’s pedicle.

I n c i s i n g  t h e  D e r m i s
It is helpful to make an incision through the dermis immediately surrounding the re-
tained TRAM flap skin (Fig 16-28) that will be used to fill the defect created by re-
moval of the nipple/areolar complex (the areolar or “keyhole” area). This allows the
exposed TRAM flap skin to be subsequently elevated to the level of the surrounding
breast skin envelope (Fig 16-29). If this is not done, the areolar area may be notice-
ably depressed (Fig 16-30). The incision, best made with electrocautery, ideally ex-
tends just barely through the dermis and does not disturb the subdermal plexus. In
practice, this is nearly impossible, and some bleeding will be encountered; but the sur-
geon should endeavor to minimize bleeding by keeping the incision relatively superfi-
cial. This maneuver also inevitably causes some disruption of the subdermal plexus and
therefore is most appropriate when the flap blood supply is excellent, as it usually is
in a free TRAM flap. If the flap blood supply is marginal, the incision of the dermis
should be omitted.
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FIG. 16-27 De-epithelializing the skin with large, sharp Mayo or Supercut scissors is effective
and allows more than one surgeon to work simultaneously without an assistant.
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FIG. 16-28 An incision is made through the dermis around the exposed skin paddle so that
the TRAM flap skin can be elevated to the level of the surrounding mastectomy flap skin. The
arrows point to areas where the incision through the dermis is more obvious.

FIG. 16-29 Drawing of the dermal incision. It should extend just through the dermis, but not
through the subdermal plexus.

FIG. 16-30 If the TRAM flap skin paddle is not sufficiently elevated with the subdermal su-
tures, it will be noticeably depressed below the level of the remaining breast skin envelope.



C l o s i n g  t h e  S k i n
Incision of the dermis around the exposed skin paddle, by itself, does not correct the
discrepancy in the levels of the TRAM flap and breast envelope skin. Elevation of the
TRAM flap skin to the level of the skin envelope is accomplished with sutures, by tak-
ing deeper bites in the TRAM flap skin and more superficial ones in the mastectomy
flaps (Fig 16-31). This forces the TRAM flap skin to be more superficial, creating a
smooth breast contour.

In my practice, I close the dermis of the remaining wounds with interrupted buried
sutures of 3-0 Vicryl and then close the skin itself with running subcuticular sutures of
3-0 PDS (polydioxanone) or Prolene (polypropylene) that are removed after 3 weeks.
Other suture materials are probably equally effective, however, and most likely make
no difference in the final result.
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FIG. 16-31 By taking deeper bites in the TRAM flap dermis and more superficial ones in the
mastectomy flap skin, the surgeon can bring the TRAM flap skin up to the level of the mas-
tectomy flap. The knot, however, should always be buried rather than placed superficially as in 
the top drawing.



D r a i n i n g  t h e  W o u n d
All autologous tissue breast reconstructions require a suction drain, and in most cases
the area drained must include the axilla. If the thoracodorsal vessels have been used as
recipients, the anastomoses may be adjacent to the drain and care should be taken to
keep the drain from impeding blood flow through the pedicle. The surgeon should
check this just before completion of the wound closure and, if necessary, reroute the
drain so that the pedicle is protected from it. I prefer a 15-French round Blake drain,
which rarely clogs and is not painful to remove once it is no longer required.

S u m m a r y
Breast mound shaping in large part determines the aesthetic success of autologous tis-
sue breast reconstruction and therefore deserves considerable attention and effort. A 
logical, step-by-step approach is recommended. The surgeon determines how much tis-
sue is missing and designs the flap accordingly. The mastectomy flaps are evaluated,
and any nonviable skin is discarded. The inframammary fold is then evaluated and ad-
justed if necessary. The flap is transferred and positioned on the chest wall securely so
that the pedicle is not under tension. The lateral breast border is formed with sutures.
The medial edge of the flap is defined, the excess trimmed off, and the viability of the
remaining tissue assessed. The flap is then sutured to the edges of the mastectomy de-
fect medially, superiorly, and inferomedially. The flap is thinned so that it blends into
the remaining chest wall, and the lateral excess is trimmed away. The size, position, and
shape of the breast are evaluated with the patient in a sitting position; corrections are
made if necessary. The wound is then drained and closed.

Optimal breast mound shaping requires artistic judgment, which is not easily
taught. Each patient is different, and modifications of the approach presented here are
often necessary. My objective, in this chapter, is to present an approach that will facil-
itate successful breast shaping in the majority of patients and can serve as a framework
that the surgeon can build upon as needed to create a breast mound that will satisfy
the patient and, after appropriate revision, the fastidious surgeon as well. Unfortunately,
breast shaping must be performed toward the end of the procedure, when the surgical
team may be tired and eager to finish the operation. The effort required to properly
shape the breast at this point, however, will usually pay many dividends in the form of
improved results.
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D i f f e r e n c e s  B e t w e e n  I m m e d i a t e  
a n d  D e l a y e d  R e c o n s t r u c t i o n
Delayed breast reconstruction can be far more challenging than immediate recon-
struction, with results that are less predictable. Much more tissue is missing, so the
flaps must be larger and include more skin (Fig 17-1). Also, because the inframam-
mary fold and skin envelope are missing, the surgeon is forced to re-create them—a
step that is usually unnecessary in immediate reconstruction (especially after skin-
sparing mastectomy)1,2 and that can be a potential source of error. Sometimes the
patient will have had an aggressive mastectomy and may have large tissue deficits that
cannot be corrected (Fig 17-2). Previous radiation therapy may have irreparably dam-
aged the skin surrounding the breast, severely limiting the potential for a successful
result (Fig 17-3). Even when the surrounding skin is undamaged, high scar place-
ment and a poor color match can seriously affect the aesthetic quality of the result
(Figs 17-4 and 17-5).

Another source of difficulty in delayed reconstruction is the presence of scar tis-
sue. Scar tissue in the axilla may interfere somewhat with the performance of a free
transverse rectus abdominis myocutaneous (TRAM) flap by complicating dissection of
the thoracodorsal vessels as recipients. Subcutaneous scar tissue, adhering to the skin,
also may limit the surgeon’s ability to reexpand the native breast skin to its original 
position.

For these reasons, the average aesthetic outcome of delayed breast reconstruction
is generally poorer than that of immediate reconstruction,3 and outstanding results are
not routine. Patients who are undergoing delayed breast reconstruction should under-
stand these limitations and should not expect the same results as with immediate re-
construction and skin-sparing mastectomy. This is especially true if there has been prior
irradiation or if a very aggressive mastectomy was performed. Nevertheless, acceptable
and even excellent results (Figs 17-6 and 17-7) can be obtained for most patients pro-
vided that the surgeon uses a logical, planned approach.



FIG. 17-1 (A, B) Patients who have had a delayed reconstruction on the left side and an im-
mediate reconstruction on the right. Note the differences in the amount of missing skin that
had to be replaced.

A B

A B

FIG. 17-2 (A) Patient after a left radical mastectomy and radiation therapy, showing an ex-
tensive defect and a large area of radiation-damaged skin. (B) After reconstruction with both a
pedicled TRAM flap and a latissimus dorsi myocutaneous flap, the defect is still only partially
corrected.

238
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FIG. 17-3 (A) Patient who had undergone an aggressive right mastectomy and radiation ther-
apy. (B) After delayed breast reconstruction with a pedicled TRAM flap. The result is compro-
mised by the amount of missing tissue and the surrounding radiation-damaged skin.

A B

FIG. 17-4 Patient after delayed right breast reconstruction with a free TRAM flap and left
concentric mastopexy. Although the form and symmetry are good, the color match is not good
and the scar is high.
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FIG. 17-5 Patient after delayed right breast reconstruction with a free TRAM flap and left
mastopexy. Although the form and symmetry are good, the color match is only fair and the scar
would be visible in a dress with a low neckline.

FIG. 17-6 (A) Patient after modified radical mastectomy. See color insert, p. I-15. (B) After
delayed breast reconstruction with a pedicled TRAM flap. See color insert, p. I-15.



A  S t e p - B y - S t e p  A p p r o a c h  
t o  B r e a s t  S h a p i n g
As in immediate reconstruction, a step-by-step planned approach to breast shaping can
help to achieve a successful result. The steps required for breast shaping in delayed re-
construction are shown in Table 17-1. If this sequence of steps is followed in a me-
thodical way, breast shaping can proceed fairly rapidly. By having a plan, even though
modifications of it may be required, the surgeon will increase the likelihood of obtain-
ing successful results.

D e s i g n i n g  a n d  C r e a t i n g  a  B r e a s t  P o c k e t
The first step in shaping the reconstructed breast is designing a pocket into which the
autologous tissue flap will be inserted. In planning this pocket, it is helpful to mark the
patient’s midline and the outline of the opposite, natural breast. The midline can be
identified by using the sternal notch and the xiphoid as landmarks. The outline of the
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A B

FIG. 17-7 (A) A 62-year-old woman after modified radical mastectomy. (B) After delayed breast
reconstruction with a pedicled TRAM flap and contralateral mastopexy. (From Kroll SS, Miller
MJ, Schusterman MA, Reece GP, Singletary SE, Ames F. Ann Surg Oncol. 1994;1:457–461.
Used with permission.)



breast (the inframammary fold and the medial and lateral breast borders) can be iden-
tified by manually displacing the breast so that its limits are emphasized (Fig 17-8).

Once the opposite breast has been outlined, its mirror image is drawn on the side
of the reconstruction (Fig 17-9). This mirror image serves as an outline for the pocket
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TABLE 17-1 The Step-by-Step Approach to Breast Shaping in Delayed Reconstruction

BEFORE TRANSFER OF THE FLAP:
(1) Design the breast pocket as a mirror image of the opposite breast
(2) Re-create the defect: reelevate the mastectomy flaps and dissect a breast pocket

AFTER TRANSFER OF THE FLAP:
(3) Evaluate and revise the lateral breast border
(4) Assess the viability of the mastectomy flaps
(5) Expand the lower breast panel
(6) Trim the flap medially
(7) Insert the flap medially and superiorly
(8) Create projection in the lower pole
(9) Trim the flap excess superolaterally

(10) Assess and revise the inframammary fold
(11) De-epithelialize the buried skin
(12) Close the wound

C

A B

FIG. 17-8 Manually displacing the breast inferiorly (A) and
medially (B) emphasizes the breast borders so that they are
more easily seen. (C) The borders are then outlined with a
marking pen to define the position of the breast.



that must be created to receive the reconstructed breast. The inframammary fold, how-
ever, should initially be dissected to a level approximately 1 cm higher than that of the
mirror image, to compensate for any inferior displacement that might occur when the
TRAM flap donor site is closed under tension. After the donor site has been closed, the
dissection of the pocket can be completed and the inframammary fold lowered to achieve
symmetry.

R e - C r e a t i n g  t h e  D e f e c t

R e e l e v a t i n g  t h e  M a s t e c t o m y  F l a p s
As in most reconstructions using plastic surgery, the next step is to re-create the defect.
For this, the surgeon must reelevate the old mastectomy flaps. There are two possible
approaches to the reelevation of the mastectomy flaps. The simplest (and often best)
option is to reopen the original mastectomy incision in order to re-create and fill the
original defect. In this case, the lower breast panel (analogous to the lower half of a
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FIG. 17-9 The mirror image of the outlined normal breast is copied onto the side lacking a
breast.



brassiere) will be formed by native breast skin from the old mastectomy flap (Fig 
17-10). The second option is to ignore the mastectomy scar and make an entirely new
incision along the planned inframammary fold. In this case, the lower breast panel will
be formed by skin from the TRAM flap (Fig 17-11).

Each approach has advantages and disadvantages. Reopening the original mastec-
tomy incision minimizes scarring and maximizes blood supply to the mastectomy flaps.
It makes delayed reconstruction more like immediate reconstruction and allows the sur-
geon to hide bunching or folding of the flap (to improve lower pole projection) under
the native mastectomy flap skin. On the other hand, it relies on this native breast skin
to form part of the new breast skin envelope—native skin that may have been irradi-
ated or be tethered by scar tissue and reluctant to expand. This approach also places
the lower edge of the TRAM flap skin paddle in the middle of the breast, where it is
more conspicuous than it would be if it were camouflaged in the inframammary fold.

Making a new incision in the inframammary fold allows the surgeon to create the
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FIG. 17-10 Delayed breast reconstruction using native
breast skin to form the lower panel of the breast. This
hides the lower edge of the TRAM flap, but leaves a vis-
ible scar across the lower pole of the breast.

FIG. 17-11 Delayed breast reconstruction using the
TRAM flap itself to form the lower panel of the breast.
This hides the lower scar in the inframammary fold, but
exposes any irregularities of the lower border of the
TRAM flap. Note the surrounding skin changes caused
by irradiation. See color insert, p. I-17.



lower breast panel with unscarred TRAM flap skin and places the lower edge of the
skin paddle at an aesthetic unit border—the bottom of the breast—where it is relatively
inconspicuous. The disadvantages of this approach are that the native breast skin be-
tween the old mastectomy scar and the incision can have a precarious blood supply and
may have to be discarded, and that any defects or irregularities in the lower part of the
TRAM flap will be exposed and visible.

In most cases, I prefer to reopen the original mastectomy incision. If the lower
mastectomy flap skin is of poor quality, it can always be discarded, and the lower breast
border created with the TRAM flap. If the lower mastectomy flap skin is viable, how-
ever, it will hide imperfections in the lower part of the TRAM flap and increase the
surgeon’s options for breast shaping.

D i s s e c t i n g  t h e  B r e a s t  P o c k e t
As the old mastectomy flaps are reelevated off the muscles of the chest wall, a pocket
is created to receive the TRAM flap. This dissection is continued up to the planned
medial and lateral borders of the new breast. For the inframammary fold, the limit of
the dissection depends on what type of TRAM flap is being performed.

If a free TRAM flap is planned, the level of the new inframammary fold is ini-
tially designed approximately 1 cm above the mirror image of the opposite inframam-
mary fold. If a pedicled TRAM flap is planned, however, the inframammary fold is
made even higher: 2.5 cm above the mirror image. This higher inframammary fold de-
sign is required with the conventional TRAM flap because of the presence of the tun-
nel, which detaches part of the inframammary fold and allows it to be pulled more in-
feriorly when the donor site is closed under tension. After either type of flap, the final
inframammary fold level is best determined after the abdominal donor site has been
closed, with the patient in the sitting position. At that time, the inframammary fold
can be lowered until it matches the level of the opposite fold.

If the surgeon chooses to place the lower border of the TRAM flap at the infra-
mammary fold, the incision should be made along the planned fold itself (1 cm above
the mirror image of the opposite inframammary fold if a free TRAM flap is planned;
2.5 cm above it if a conventional TRAM flap will be used; Fig 17-12). After the flap
has been transferred and the abdominal donor site closed, the inframammary fold can
be lowered as necessary by additional dissection or by de-epithelializing or excising ad-
ditional skin.

T r a n s f e r r i n g  t h e  F l a p
After the breast pocket has been created, the flap is transferred, and its viability is as-
sessed. If a free TRAM flap has been performed, the sheath of the rectus abdominis
muscle is sutured to the pectoral muscles on the chest wall (Fig 17-13) to stabilize the
flap and protect the pedicle from tension. I generally use 2-0 Vicryl (polygalactin 910)
sutured deeply into the pectoralis major muscle. It must be remembered, however, that
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FIG. 17-12 Design of a conventional TRAM flap in a delayed breast reconstruction. The new
inframammary fold (upper mark) is initially designed higher than the mirror image of the fold
on the opposite side. 

FIG. 17-13 The rectus abdominis fascia of the TRAM flap is sutured to the muscles of the
chest wall with 2-0 Vicryl suture.



the muscle does not hold sutures well and these sutures give only partial stability to the
flap, especially if it is a heavy one.

If the operating table has been tilted to improve access to the site of an anasto-
mosis, the table is straightened to allow better assessment of breast symmetry. Care
should be taken at this point to be sure that the flap has been adequately stabilized and
will not fall laterally off the chest wall. Once these steps have been accomplished and
the flap is stabilized, the surgeon can proceed with breast shaping.

F o r m i n g  t h e  L a t e r a l  B r e a s t  B o r d e r
The lateral breast border is normally located just anterior to the mid-axillary line, mim-
icking the lateral border of the opposite breast. It should join with the lateral portion
of the inframammary fold in a gentle curve. If the TRAM flap is pedicled, or is a free
flap using the internal mammary vessels as recipients, the lateral breast border will have
been established simply by lateral dissection of the breast pocket. If the thoracodorsal
vessels are used for recipients, however, the superior part of the lateral breast border will
have been transgressed to obtain access to those vessels. In that case, the tissues that
form the lateral breast border must be reapproximated with 2-0 Vicryl sutures just as
is done in immediate reconstruction (see chapter 16). This is easier if only the superior
half of the axilla has been opened to gain access to the thoracodorsal vessels. If that has
been the case (Fig 17-14), only one or two sutures will be required to put the tissues
back where they belong. If the axilla has been opened widely, more sutures are neces-
sary and the border will be less smooth. The most common error is to make the lateral
breast border too posterior, situating the breast too far laterally. Therefore, if the sur-
geon is unsure of where to place the sutures it is usually better to err on the side of
placing them too medial.
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FIG. 17-14 When possible, only the superior half of the axilla is opened for access to the tho-
racodorsal vessels so that restoration of the lateral breast border requires only one or two sutures.



A s s e s s i n g  t h e  V i a b i l i t y  
o f  t h e  M a s t e c t o m y  F l a p s
Once the lateral breast border has been defined, the mastectomy flaps are evaluated for
viability. The best way to do this is to press the round handle of a hemostat against the
skin and then remove it quickly to assess the capillary refill. If the capillary refill time
is 3 seconds or less, the skin is usually viable. If capillary refill takes more than 3 sec-
onds, the skin should be considered ischemic and be discarded. In heavy smokers, mas-
tectomy skin viability is often reduced, and debridement should therefore be more ag-
gressive. Assuming that the lower mastectomy flap is viable, it is then expanded to the
position it occupied prior to the mastectomy. In many cases, this skin reexpansion will
require extensive release of constricting scar tissue.

If the breast has undergone previous irradiation, all of the chest wall skin will have
been damaged. The extent of damage depends on the total radiation dose, its fraction-
ation, and the patient’s host response. Each patient will be different and must be man-
aged individually. Chronic radiation injury tends to get worse with time, not better.4

Any obviously damaged skin (Fig 17-15) is therefore best excised and replaced with
nonirradiated skin from the TRAM flap.

In general, irradiated skin that appears grossly undamaged will behave much like
normal skin. Some patients who have had previous irradiation can therefore obtain ex-
cellent results using normal-appearing irradiated skin as part of the reconstruction (Fig
17-16). Mastectomy flap skin that appears moderately damaged, however, may do very
poorly when reelevated, developing ischemia that leads to outright skin loss or to ex-
tensive additional scarring. Obviously damaged skin should therefore be replaced, when
possible. If there is more obviously damaged skin than the TRAM flap can replace, the
outcome will inevitably be compromised and the aesthetic result will be poor.
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FIG. 17-15 Radiation-damaged skin on the chest wall, which will have to be discarded before
beginning the process of breast shaping.



E x p a n d i n g  t h e  L o w e r  B r e a s t  P a n e l

R e l e a s i n g  S c a r  T i s s u e
An important obstacle to achieving good results in delayed breast reconstruction is
the presence of constricting scar tissue. This usually takes the form of a sheet of ci-
catrix deep to the skin at the level of the old mastectomy flap dissection; the scar tis-
sue tethers the skin and prevents it from expanding to its original dimensions. Con-
sequently, it can be difficult to achieve adequate fullness, especially in the lower pole
of the breast, with the original breast skin alone. The scar tissue can also create puck-
ering and other visible deformities if not fully released with scalpel or electrocautery
dissection.

Unfortunately, full release of all subcutaneous scar tissue under the mastectomy
flaps can cause bleeding and decreased mastectomy flap perfusion. This is especially
problematic when the mastectomy flaps were thin and the scar tissue is close to the sub-
dermal plexus. For this reason, scar release may have to be incomplete even when it is
obviously necessary for expansion of the native breast skin and the lower panel of the
breast skin is too tight. One solution to this common problem is to make a vertical re-
leasing incision in the lower breast panel.

Expanding the Lower Breast Panel 249

FIG. 17-16 (A) Patient with a cancer of the right breast and a history of irradiation and mas-
tectomy on the left. (B) After bilateral free TRAM flap breast reconstruction. Despite the irra-
diation, the reconstruction is only minimally compromised because the radiation injury was not
severe. See color insert, p. I-18.

A B
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FIG. 17-17 Vertical incision of the lower mastectomy flap.

A B

A B

FIG. 17-18 (A) Patient after bilateral mastectomies, with tight chest wall skin. She also has
had radiotherapy on the right side. (B) Result of bilateral breast reconstruction with free TRAM
flaps. Vertical incisions were used to expand the lower breast skin panels.



V e r t i c a l  R e l e a s i n g  I n c i s i o n  i n  t h e  L o w e r  B r e a s t  P a n e l
If the lower breast panel (formed by the skin of a reelevated mastectomy flap) is too
tight, the mastectomy flap skin should be incised vertically down to the inframam-
mary fold (Fig 17-17), to allow the skin to expand and create a V-shaped defect.
This V-shaped defect is then filled with skin from the TRAM (or alternative) flap.
The surgeon must make the vertical incision where he or she knows that there will
be viable TRAM flap skin underneath it. The vertical incision should therefore not
be made until the flap has been transferred to the chest and the position of any skin
deficiencies (such as a defect in the TRAM flap caused by removal of the umbili-
cus) is known. If this is done correctly, the results can be quite gratifying (Fig 
17-18).

T r i m m i n g  t h e  F l a p  M e d i a l l y
As in immediate reconstruction, the TRAM flap should initially be incised 1 cm me-
dial to where the surgeon judges the medial border of the flap should be (Fig 17-19).
Should an error in judgment be made, it is easier to trim off excess than to add tissue
to the flap. If the blood supply is judged inadequate, the medial border of the flap is
trimmed back until bright red bleeding is observed. Usually, some TRAM flap skin will
be exposed nearly all the way to the medial border of the flap. The flap can therefore
be fixed temporarily with staples to the medial corner of the mastectomy skin defect
(Fig 17-20).
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FIG. 17-19 The surgeon makes an initial incision 1 cm medial
to the markings made where he or she believes the medial edge
of the breast should be on the TRAM flap, to allow for possible
error. Additional trimming will be made as necessary.

FIG. 17-20 The TRAM flap inset is begun by stapling its
skin paddle to the medial corner of the mastectomy skin
defect (arrow points to staple).



I n s e t t i n g  t h e  F l a p  M e d i a l l y  
a n d  S u p e r i o r l y
Once the medial border of the flap has been definitively determined, the flap is inset
with deep sutures placed medially, superomedially, and inferomedially just as in im-
mediate reconstruction (Fig 17-21; see chapter 16). The surgeon must ensure that the
flap is not fixed too high to allow it to settle adequately into the lower pole. If the me-
dial part of the breast pocket has been dissected properly, the medial aspect of the two
breasts (the cleavage) should by symmetric.

C r e a t i n g  B r e a s t  P r o j e c t i o n  
i n  t h e  L o w e r  P o l e
Increased breast projection in the inferior pole can be achieved by folding the flap (Fig
17-22), bunching it inferiorly (Fig 17-23), or increasing the amount of muscle har-
vested. The most common approach is some combination of folding and bunching the
flap. If the lower pole of the TRAM flap is covered by a mastectomy flap, this folding
and/or bunching is hidden and can be done with impunity. If the lower breast panel is
created only by the TRAM flap, a certain amount of bunching is still permissible, but
the increased skin length of the TRAM flap has to be worked into the shorter chest
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FIG. 17-21 The flap is sutured to the edges of the reconstituted mastectomy defect medially,
superomedially, and inferomedially.



wall incision with sutures, a little at a time. Obviously, more projection is possible when
the TRAM flap is covered inferiorly by an overlying mastectomy flap.

Another method of increasing breast projection is harvesting extra rectus abdo-
minis muscle. This is rarely indicated in any but very thin patients, but can be a rea-
son to select a free TRAM flap over a deep inferior epigastric perforator flap in a pa-
tient who has minimal subcutaneous abdominal tissue, provided that the patient agrees
that the increased breast volume is worth the loss of muscle function. Although it is
widely believed that the transferred muscle atrophies, there is some evidence that this
is not true.5 In any case, the muscle clearly contributes to some degree to breast vol-
ume and can be used to increase projection if necessary.

U s i n g  t h e  T R A M  F l a p  I t s e l f  
t o  M a k e  t h e  L o w e r  B r e a s t  P a n e l
As noted above, using the TRAM flap to provide both volume and skin cover for the
lower pole of the breast has the advantage of camouflaging the lower scar in the in-
framammary fold (Fig 17-7). If the inferior mastectomy flap will not be used for skin

Using the TRAM Flap Itself to Make the Lower Breast Panel 253

FIG. 17-22 The TRAM flap can be folded inferiorly to increase projection in the lower breast
pole. The folding is covered by the inferior mastectomy flap.

FIG. 17-23 Another way of increasing lower pole fullness is to bunch up the TRAM flap with
sutures. This is also hidden by the overlying mastectomy flap.
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FIG. 17-24 TRAM flap showing the typical defect caused by leaving the umbilicus in situ. If
the flap were to be harvested entirely from below the umbilicus, this defect would not be 
present.

cover, it does not need to be sacrificed; it can be left attached to the chest wall and
de-epithelialized, contributing to breast volume. The one problem with using the
TRAM flap to make the lower breast panel is that if the TRAM flap has a defect
caused by dissection around the umbilicus (as is usually the case; Fig 17-24) and if
this defect is positioned inferiorly (as it often is in a free TRAM flap), the defect will
cause irregularity and scarring along the lower border of the reconstructed breast (Fig
17-25). Although the defect can be converted into a triangle and closed as a straight
line, that approach increases visible scarring and creates scars that may interfere with
nipple reconstruction. It also creates a small dog-ear in the upper pole of the breast.
In most cases, I prefer to hide the umbilical defect beneath overlying mastectomy
flaps, if this is possible.

T r i m m i n g  t h e  F l a p  E x c e s s  
S u p e r o l a t e r a l l y
In most cases, the reconstructed breast mound is too large initially. The surgeon can
assess this by cupping both breasts simultaneously with his or her hands, like a push-
up brassiere, and comparing the volume and upper pole fullness of the two breasts. In
most cases, any excess tissue on the reconstructed side will be primarily lateral and in
the upper outer quadrant. The flap should therefore be trimmed laterally and supero-
laterally until the volume of the two breasts is symmetric. If a free TRAM flap has been
performed, the blood supply is usually very robust in this quadrant, so careful hemo-
stasis must be obtained once the trimming has been completed.



A s s e s s i n g  a n d  R e v i s i n g  
t h e  I n f r a m a m m a r y  F o l d
At this point, it is necessary to sit the patient up (as described in chapter 16) and eval-
uate the symmetry of the two breasts. The volume is compared, and additional trim-
ming is performed as necessary. The inframammary folds are compared, and the fold
on the reconstructed side is revised if necessary. If the reconstructed inframammary fold
is too low, it must be elevated with the use of sutures (see chapter 16). The infra-
mammary fold will look less natural than it would had it been created only with dis-
section, but any puckering of the skin that occurs will usually disappear with time. Tap-
ing of the skin below the inframammary fold6 and use of an underwire brassiere will
help to hold the breast mound in position while healing occurs. If the inframammary
fold is too high, additional dissection is performed with electrocautery to lower the fold
to a more symmetric position.
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FIG. 17-25 In this patient, the defect in the TRAM flap caused by removal of the umbilicus
caused a noticeable deformity just above the inframammary fold.



D e - E p i t h e l i a l i z i n g  t h e  
B u r i e d  S k i n  a n d  C l o s i n g  t h e  W o u n d
As in immediate reconstruction, any skin that will not be exposed must be de-epithe-
lialized. Care must be taken during this process not to apply excessive traction on 
the flap’s pedicle. In delayed reconstruction, more skin will be exposed and less de-
epithelialization required than in immediate reconstruction. Consequently, postopera-
tive flap monitoring is often easier. Removal of the dermis near the edges of the flap
will soften the contour and make the breast appear more rounded and more natural.

An incision partially through the dermis around the exposed skin paddle, as was
recommended in the chapter on immediate reconstruction, facilitates suturing of the
wound and makes it possible to elevate the TRAM flap skin to the level of the sur-
rounding mastectomy flaps. In cases in which flap perfusion is marginal, however, this
step is omitted. A suction drain is then placed under the flap prior to final closure, with
care taken not to obstruct the flap’s pedicle.

S u m m a r y
Delayed breast reconstruction is more difficult than immediate reconstruction and re-
quires more tissue, effort, and artistic judgment to achieve aesthetically good results.
Because the inframammary fold and skin envelope have not been preserved, they must
be reconstructed. The inferior breast panel can be created using the TRAM flap itself
or the original mastectomy flap of native breast skin. Each approach has advantages and
disadvantages. The choice of approach depends on the defect, the type of flap being
used, and the surgeon’s judgment. If the inferior mastectomy flap is used to cover the
lower pole of the breast, release of all scar tissue is essential to allow the remaining breast
skin to reexpand to its original dimensions. If this is not possible, a releasing incision
in the inferior mastectomy flap will often allow adequate expansion of the inferior pole.

Having a logical, step-by-step plan makes shaping the breast easier and faster, and
leads to more consistent results. Nevertheless, each patient is unique, so the surgeon
must be ready to modify the plan when necessary to attain the best possible results.
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Shaping the Breast Mounds
in Bilateral  TRAM Flap
Breast Reconstruction

18

U n i q u e  F e a t u r e s  o f  
B i l a t e r a l  B r e a s t  S h a p i n g
In many ways, shaping of the breast is easier in bilateral transverse rectus abdominis
myocutaneous (TRAM) flap reconstruction than it is when the reconstruction is uni-
lateral. For one thing, there is no contralateral breast to imitate. Consequently, the size
and shape of the breast can vary considerably so long as the two sides match. Second,
the amount of tissue is limited. The surgeon therefore cannot make each breast any
larger than the size of one hemi-TRAM flap. This does not necessarily make it easier
to achieve a desirable result, but it does make it easier to achieve symmetry, limits the
choices, and eliminates some uncertainty about what to do.

In the case of bilateral delayed reconstruction, the surgeon must choose the level
of the inframammary folds. This introduces an extra decision with some potential for
error but is not overly difficult. The inframammary folds do not have to be at the same
level as they were prior to the mastectomy, but they should be within reasonably nor-
mal limits and must be symmetric. Even if the inframammary folds are made too high,
as long as they are symmetrical the result will usually be acceptable (Fig 18-1).

T r a n s f e r r i n g  F r e e  T R A M  
F l a p s  t o  t h e  C o n t r a l a t e r a l  S i d e
Breast shaping is somewhat facilitated, when free TRAM flaps are used,1 by transfer-
ring each flap to the contralateral side. When a TRAM flap is divided into two hemi-
TRAM flaps the result is two triangular flaps, each having on short and two long sides
(Fig 18-2). The two longer sides of each flap form a “tail” that extends laterally. Espe-
cially if the thoracodorsal vessels are being used as recipients, I prefer to transfer each



FIG. 18-1 (A) Result of bilateral delayed breast reconstruction with pedicled TRAM flaps. The
inframammary folds are too high, but the result is acceptable because it is reasonably symmet-
ric. (B) Result of bilateral delayed reconstruction with free TRAM flaps. In this case the result
is better because the inframammary folds were placed at a more appropriate level. (From Kroll
SS: Bilateral TRAM flaps. In: Spear SL, ed. Surgery of the Breast: Principles and Art. Philadel-
phia: Lippincott-Raven; 1998:547–553. Used with permission.)

A B

FIG. 18-2 (A) Plan for a bilateral TRAM flap. Each hemi-flap forms an isosceles triangle, with
the two longer sides creating a tail. (B) Result of reconstruction.

A B
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hemi-TRAM flap to the contralateral side so that the extended tail will be in the lower
outer quadrant of the new breast (Fig 18-3). In that location it can be used to increase
breast volume, if necessary. Were the flap transferred to the ipsilateral breast, the ex-
tended tail would be in the upper inner quadrant, where it could create objectionable
fullness and might need to be discarded.

If the internal mammary vessels are being used as recipients2–4 it is probably not
important whether the flap is transferred ipsilaterally or contralaterally, since there is suf-
ficient pedicle length to position the flap however the surgeon wishes, regardless of which
side is used. The flap should be oriented, however, so that the tail of the flap lies in the
lower outer quadrant of the new breast without the flap’s pedicle having to be twisted.

B i l a t e r a l  I m m e d i a t e  R e c o n s t r u c t i o n
Shaping of the breast in bilateral immediate reconstruction requires trimming each tri-
angular hemi-TRAM flap into a rounded form. The three points of the triangle are cut
off (Fig 18-4) so that they will not show through the overlying skin envelope. If the
flap is small and maximum volume must be preserved, the skin and dermis can be
trimmed without removal of the underlying fat. As long as the underlying dermis has
been rounded, the breast will usually appear globular and not angular.

After the corners have been rounded, the medial edge of the flap is sutured to the
deep edge of the mastectomy defect, just as in unilateral reconstruction (Fig 18-5). Su-
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FIG. 18-3 Each hemi-TRAM flap is transferred to the contralateral side.



ture fixation should be performed medially, superomedially, and inferomedially, to en-
sure that the breast cannot migrate laterally. If the flap has sufficient height, it is also
sutured to the superior edge of the defect (or alternatively, to the deep surface of the
skin flap where it starts to become thicker) so that the flap blends into its surroundings
and an infraclavicular hollow is eliminated. This superior suturing should be omitted,
however, if it prevents the flap from fully reaching the inframammary fold and filling
the lower pole of the breast.

Laterally, the posterior border of the breast is created with dissection or with su-
tures, just as in unilateral immediate reconstruction (Fig 18-6). In some cases, limiting
the lateral border with sutures is relatively unimportant because the flaps may not be
wide enough to extend more laterally than desired. In most cases, however, the surgeon
should actively create a lateral border (between the mid-axillary and anterior axillary
lines) that blends smoothly and naturally into the inframammary fold.

After each flap has been fixed to the medial edges of the defect and the lateral bor-
ders have been created, the mastectomy flaps are stapled temporarily in position. The
patient is then put into a sitting position, by elevating the back of the operating room
table. Reverse Trendelenburg position is then used to increase the elevation until the pa-
tient’s back is as close to vertical as possible (Fig 18-7). At this point, symmetry is judged
and each breast adjusted until the two sides match as closely as possible.

Symmetry is not always easy to achieve, even when both breasts have been re-
constructed with the same technique. The mastectomies may have been different, or
the inframammary fold may have been violated on one side, or the patient may have
been asymmetric prior to the mastectomies. Despite the surgeon’s best efforts, the goal
of perfect asymmetry may fail to be attained (Fig 18-8). Nevertheless, the surgeon should
realize that the best opportunity for achieving symmetry usually occurs during the ini-
tial procedure, the breast mound reconstruction.
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FIG. 18-4 The points of the triangle are trimmed to round
the edges.

FIG. 18-5 The medial edge of the flap is sutured to the me-
dial deep edge of the mastectomy defect to create the medial
border of the breast. (From Kroll SS: TRAM flap breast recon-
struction. In: Kroll SS, ed. Reconstructive Plastic Surgery for Can-
cer. St. Louis: Mosby; 1996:276–285. Used with permission.)
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FIG. 18-7 Patient in the near-sitting position. This is accomplished by a combination of ele-
vation of the patient’s back and a reverse Trendelenburg position.

FIG. 18-6 The lateral breast border is created either by the limits of dissection of the breast
pocket or with sutures.



Once acceptable symmetry has been achieved, the exposed skin paddles are marked,
and the covered skin is de-epithelialized. Hemostasis is checked, drains are inserted, and
the breast skin edges are closed temporarily with staples.

B i l a t e r a l  D e l a y e d  R e c o n s t r u c t i o n
In bilateral delayed reconstruction, the level of the inframammary fold must be set by
the surgeon. Often, the patient will be wearing a brassiere or an external prosthesis that
will have left marks on the patient’s chest. These marks can be an excellent guide to
the proper positioning of the breasts. If this is not helpful, the nipple level can be set
at a point midway between the patient’s elbow and her acromion (Fig 18-9), and the
inframammary fold can be positioned a few centimeters below that.

In most cases, the mastectomy incision should be reopened, the scar excised, and
the mastectomy flaps reelevated to re-create the defect. The hemi-TRAM flaps are then
transferred and shaped just as in immediate reconstruction. In delayed reconstruction,
however, the mastectomy flaps are often prevented from reexpanding to their original
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FIG. 18-8 Result of bilateral immediate free TRAM flap breast reconstruction. Even though
the same technique was used on each side, and despite my best efforts, the two breasts have
slightly different shapes and are not perfectly symmetric.



dimensions because of limiting subcutaneous scar tissue. This tissue, which usually forms
as a cicatricial sheet deep to the subcutaneous fat, must be aggressively released. If in-
cising this scar tissue does not allow sufficient expansion of the lower mastectomy flap,
the skin itself can be released by making a vertical incision down to the inframammary
fold (Fig 18-10), as was discussed in chapter 17. This releasing incision will create a V-
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FIG. 18-9 The nipple level should be set 2 to 4 cm below the point halfway between the ole-
cranon and the acromion.

FIG. 18-10 (A) A vertical incision in a tight lower mastectomy flap allows it to expand to more normal dimensions. (B) This
incision, which extends to the inframammary fold, creates a V-shaped skin defect that must be filled by the skin of the underly-
ing TRAM flap.
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shaped defect, which in turn is filled by underlying skin from the autologous tissue flap
(Fig 18-11).

If the internal mammary vessels are used as recipient vessels in free tissue trans-
fer, both the inframammary folds and the lateral breast borders can be determined sim-
ply by the extent of mastectomy flap dissection—i.e., where the dissection stops. If the
thoracodorsal vessels are used as the recipient vessels, however, the dissection in the ax-
illa must be carried past the desired location of the lateral breast border (at least supe-
riorly), so part of the lateral border will have to be re-created with sutures after the anas-
tomoses. In either case, the surgeon should strive to keep the breast from being positioned
too far laterally.

S i m u l t a n e o u s  D e l a y e d  a n d  
I m m e d i a t e  R e c o n s t r u c t i o n
It is not unusual that one side of a bilateral breast reconstruction will be immediate,
and the other delayed. This situation arises when a patient who had a prior mastectomy
without reconstruction subsequently develops a contralateral breast cancer and then re-
quests simultaneous reconstruction of both breasts. The surgeon must therefore per-
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FIG. 18-11 Result of bilateral delayed breast reconstruction in which a vertical incision was
used in the lower left mastectomy flap to expand the lower breast envelope.



form an immediate reconstruction of one breast, then try to match it with a delayed
reconstruction on the contralateral side.

Achieving symmetry is more difficult in this situation because the two mastectomies
will usually have been different, leaving different defects. Using the same approach for
each side will therefore not automatically ensure symmetry. Ordinarily, the delayed re-
construction side will require more tissue, since the older mastectomy was probably not
a skin-sparing one. The surgeon can reduce the breast asymmetry by making the flap for
the delayed reconstruction slightly larger than the immediate reconstruction flap. In the
case of bilateral TRAM flaps, dividing the flap in two just off the midline will accomplish
this; however, the surgeon must be very careful not to compensate excessively because
even 5 mm of incision displacement can make a big difference in the volume of the flap.

R e c o n s t r u c t i o n  A f t e r  
P r e v i o u s  B r e a s t  A u g m e n t a t i o n
If the patient has had a previous breast augmentation, it may be difficult to create breasts
of the size the patient desires with autologous tissue alone. In many cases, using extended
free TRAM flaps (Fig 18-12) can allow autologous tissue reconstruction of breasts that
will satisfy the patient. If the implants were very large, however, and the amount of au-
tologous tissue available is small, the patient must be advised that her reconstructed breasts
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FIG. 18-12 (A, B) Plan for extended bilateral free TRAM flaps in a very thin patient. The flaps extend more laterally than a
usual TRAM flap. (B) Because the flaps are longer, they contain more volume and can create larger breasts. (From Kroll SS: Clin
Plast Surg. 1998;25:251–259. Used with permission.)
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FIG. 18-13 Result of bilateral TRAM flap reconstruction in a patient who had previously had
breast implants. Because the inframammary folds were not raised, they are lower than they ide-
ally should be.

FIG. 18-14 In this patient, who had previously had breast implants, (A) the inframammary
folds were raised to a higher level during reconstruction so the results (B) look more natural.

A B
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will be smaller than her augmented ones were. Although it is possible to augment re-
constructed breasts with supplementary implants, I usually discourage this because in
most cases the size of the reconstructed breasts without implants is appropriate for the
patient’s physique. Moreover, the presence of breast implants adds risk and expense to
the reconstructive process, and defeats some of the goals of autologous reconstruction.

Another problem associated with previous breast augmentation is the position of the
inframammary folds. In most cases, they will have been lowered as part of the augmenta-
tion and will no longer be appropriate for smaller breasts reconstructed with autologous tis-
sue (Fig 18-13). It is therefore usually necessary to re-create the inframammary folds at the
level where they were prior to the augmentation. This is done by placing running sutures
of 3-0 Vicryl (polygalactin 910) 1 cm or so above the existing folds to tack the subcuta-
neous tissues of the lower mastectomy flap to the chest wall. After the TRAM flaps have
been transferred, the new inframammary folds are evaluated with the patient in the sitting
position and are lowered by dissection if necessary. If performed correctly, this maneuver
can result in very natural breast positioning despite the previous augmentation (Fig 18-14).

Occasionally, an abnormally low inframammary fold can exist without any his-
tory of previous breast surgery (Fig 18-15). This is most often due to a marked en-

FIG. 18-15 (A) Patient prior to bilateral mastectomy, with
unusually low inframammary folds and low breast volume. 
(B) After skin-sparing mastectomy and bilateral free TRAM
flap reconstruction, the left breast mound is flat. On the right
the breast mound (which was previously like the left) has al-
ready had the inframammary fold elevated with sutures so the
breast has better position and definition. The left fold was then
similarly elevated. (C) Early result, showing a reasonably nor-
mal position of both breasts.
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FIG. 18-16 (A, B) Moderately obese patient prior to bilateral mastectomy and immediate breast
reconstruction with free TRAM flaps. During the elevation of these large and heavy flaps, the
right hemi-TRAM flap slipped and fell off the patient’s abdomen. It was caught before it fell
on the floor, but not before it had avulsed the pedicle where it entered the muscle of the flap.
(C) The early result. Luckily, we were able to excise the avulsed area and repair the pedicle (us-
ing 10-0 sutures). The reconstruction was then completed, but not before midnight. (D) The
final result was good, despite the unanticipated difficulties. Nevertheless, this case illustrates the
problems associated with performing TRAM flaps on obese patients.

A B

C D



largement of the breast during a pregnancy, followed by subsequent involution. This
type of low inframammary fold can be managed by making the breast larger if there
is sufficient tissue in the abdomen, or by elevating the inframammary folds with su-
tures. Elevation with sutures can be successful, but must be performed carefully and
symmetrically to achieve a normal appearance.

C o m b a t t i n g  t h e  E f f e c t s  o f  F a t i g u e
Bilateral TRAM flap breast reconstruction can be a very long operation, and surgeons
are often tired and hungry near the end of the procedure when breast shaping must
be accomplished. It is tempting to make compromises at that time and accept less
than optimal results. The surgeon must remember, however, that his or her goal is
aesthetic excellence, and take the time that is necessary to achieve the best possible
outcome. Taking short bathroom and food breaks throughout the day will help to
combat the effects of fatigue. Having adequate help (two assistants) significantly speeds
up the operation5 and therefore makes shaping easier.

One very significant factor affecting the time required to perform bilateral
TRAM flap breast reconstruction is the patient’s weight. Obese patients require much
more time than patients of normal weight, while thin patients require less time. Obe-
sity also increases the risk of complications and can lead to intraoperative difficul-
ties that can prolong the surgery considerably (Fig 18-16). It is often wise, there-
fore, to postpone breast reconstruction in obese patients until they lose weight and
become more acceptable surgical risks. This not only reduces the risk of complica-
tions, but shortens the operative time, which in turn facilitates successful shaping of
the breasts. Even so, discipline is still required to spend time shaping the breast 
at the end of the procedure, but the effort will pay off in the form of better-quality
results.6

N e e d  f o r  R e v i s i o n s
Even though symmetry is more easily achieved in bilateral reconstruction and is in
fact one of its major advantages, revisions are often necessary. As in any TRAM flap
breast reconstruction, excess fullness in the upper outer quadrant of the breast is
common and must often be reduced secondarily. Patients should therefore be told
to expect at least one revision of their breast reconstruction, even when it is bilat-
eral. The need for revision is particularly likely if one reconstruction is immediate
and the other delayed, or if one side has been irradiated. In those cases, symmetry
is much more difficult to achieve and more than one revision may be required. In
some cases, especially if one mastectomy was very aggressive or if unusually heavy
doses of radiation have been used, the goal of adequate symmetry may never be
reached.
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S u m m a r y
Shaping the breast in bilateral reconstruction is similar to shaping the unilaterally re-
constructed breast, except that an existing breast need not be matched. In most cases,
symmetry is easier to achieve in bilateral reconstruction, and the aesthetic results are
better. The actual shaping techniques are the same as those described for unilateral re-
construction (chapters 16 and 17), except that in delayed bilateral reconstruction the
level of the inframammary folds is determined by the surgeon. Also, the size of the
breasts that can be created may be limited if the patient is thin. Shaping of the breasts
occurs near the end of the reconstruction, when surgeons are fatigued and eager to fin-
ish the operation. Nevertheless, if a reasonable effort is made, the results can be truly
outstanding.
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Correction of Partial  
Mastectomy Defects19

N a t u r e  o f  t h e  P r o b l e m
The use of breast conservation therapy as a treatment for early breast cancer has be-
come very popular in recent years.1–4 In many parts of the United States, it has sup-
planted mastectomy as the most prevalent form of treatment. Breast conservation ther-
apy consists of partial mastectomy and axillary dissection followed by radiotherapy.
When the partial mastectomy is adequate, survival statistics are similar to those obtained
with total mastectomy. To avoid an unacceptable recurrence rate, however, the tumor
has to be excised with clear, tumor-free margins.

In patients with large breasts and small tumors, partial mastectomy does not sig-
nificantly deform the breast. In patients with small breasts and larger tumors, however,
the deformity caused by partial mastectomy can be significant (Figs 19-1 and 19-2).5

This is especially true if the surgeon wishes to excise the tumor with a wide margin.
The deformity can be reduced by performing a “lumpectomy” with narrower margins,6

but a price may be paid in the form of a higher local recurrence rate.7

At The University of Texas M. D. Anderson Cancer Center, we have found that
repairing partial mastectomy defects with local tissue flaps or rearrangement of breast
tissue can often greatly reduce the deformity caused by partial mastectomy.8–10 In some
patients, the distortion can be essentially eliminated. In this chapter, I will discuss the
indications for this approach and the various techniques that are used.

I n d i c a t i o n s  f o r  R e p a i r  o f  
P a r t i a l  M a s t e c t o m y  D e f e c t s
Repair of partial mastectomy defects is indicated whenever the partial mastectomy would
cause significant deformity of the breast. This is most likely whenever the breast is rel-
atively small, or the tumor relatively large. Reconstruction of the defect is usually indi-



cated whenever more than 25% of the breast tissue must be removed. Repair is also in-
dicated whenever the nipple would be significantly displaced by primary closure of the
defect. Repair is rarely necessary when the breasts are very large unless the tumor is also
correspondingly large.

Repair of a partial mastectomy defect is also usually necessary even for smaller de-
fects if they include any significant amount of skin. If a small defect does not include
skin, the cavity caused by the partial mastectomy will sometimes fill in with fluid and
scar tissue. This may in some cases leave an acceptable cosmetic result, which is the rea-
son that partial mastectomy defects that do not involve skin should not be drained, and
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FIG. 19-1 (A) Patient with significant breast asymmetry following partial mastectomy and ir-
radiation for treatment of early right breast cancer. This asymmetry was reduced but not elim-
inated by a contralateral breast reduction.

FIG. 19-2 Patient after a partial mastectomy of right breast performed in another country. A
significant amount of skin as well as breast tissue had been removed.



the parenchymal tissue is not closed with deep sutures. If skin is missing, however, de-
formity is usually inevitable unless the breast is so large that the skin defect is relatively
insignificant, so reconstruction is indicated.

C o n t r a i n d i c a t i o n  f o r  R e p a i r  
o f  P a r t i a l  M a s t e c t o m y  D e f e c t s
Immediate repair of the partial mastectomy defect with tissue rearrangement should be
avoided if there is doubt about the tumor margins. If the margins are not clear or mul-
tifocal disease is found on permanent sections, the incisions required to raise and trans-
fer a local flap could interfere with (although would not preclude) a subsequent mas-
tectomy. If the tissue margins are uncertain, the repair can be deferred until the
permanent sections have been reviewed by the pathologist and a final opinion rendered.

Repair of a partial mastectomy defect is also contraindicated, in my opinion, if
the defect is so large that a transverse rectus abdominus myocutaneous (TRAM) flap
would be required for the partial breast reconstruction. In that case, I believe that it is
preferable to complete the mastectomy and reconstruct the entire breast with the TRAM
flap. This approach reduces the probability that recurrent disease will force sacrifice of
the reconstructed breast, making necessary a new breast reconstruction with options
limited by the surgeon’s earlier partial breast reconstruction.

U s e  o f  D i s t a n t  T i s s u e
Some very well respected surgeons have recently advocated the use of latissimus dorsi
muscle or myocutaneous flaps for repair of small partial mastectomy defects.11,12 Al-
though this can be effective, it requires the use of a major reconstructive option that
could prove useful in the future should mastectomy subsequently be required. Also, the
use of a latissimus flap for repair of a small breast defect that includes skin can create
a patchwork appearance in the breast that is not attractive (Fig 19-3). My own opin-
ion is that in most cases partial mastectomy defects are best repaired with local flaps if
possible, with distant tissue reserved for repair of total mastectomy defects or large de-
fects for which local tissue would not be adequate.

C l a s s i f i c a t i o n  o f  D e f e c t s
I find it helpful to divide partial mastectomy defects into four groups according to how
they will need to be reconstructed: Small defects in larger or medium-sized breasts (no
reconstruction); medium-sized defects in larger breasts (breast reshaping); medium-sized
defects in medium-sized or small breasts (local tissue flaps); and larger defects (distant
tissue flaps). The first group, which needs no reconstruction, will not be discussed here.
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The other groups will each be addressed separately. Obviously, many cases could 
fall into more than one classification, depending on the preference of the surgeon. In
those situations, surgical judgment and the wishes of the patient must be taken into
consideration.

M e d i u m  D e f e c t s  i n  L a r g e r  
B r e a s t s  ( B r e a s t  R e s h a p i n g )
If the breast is large enough, the defect can often be managed by converting the partial
mastectomy into some form of breast reduction, reshaping the breast with remaining
tissue and reducing the opposite breast for symmetry.13 This approach is easiest if the
defect is in the lower pole of the breast, but can be adapted to the medial and lateral
parts of the breast in many cases. The main requirement is that the breast be large
enough that it would benefit from (or at least tolerate) a reduction mammaplasty.

D e f e c t s  i n  t h e  L o w e r  P o l e
If the partial mastectomy defect is in the lower pole of the breast, management is sim-
ple because the partial mastectomy can just be converted into a reduction mammaplasty
(Fig 19-4). This approach will yield a breast that is smaller than before surgery, but that
has a normal shape and reasonably well accepted scars. In almost all cases, the opposite
breast will need to be reduced for symmetry. This approach can also be used for de-
fects in the area of the nipple (Fig 19-5), except that the nipple itself must be sacrificed
and reconstructed secondarily.
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A B

FIG. 19-3 (A, B) Patient after partial mastectomy and replacement of missing breast tissue with a latissimus dorsi myocutaneous
flap. Nipple position has been restored; however, the scars are not located in aesthetic unit borders, so the flap looks like a patch.
(From Kroll SS, Singletary SE: Clin Plast Surg. 1998;25:303–310. Used with permission.)



A variety of breast reduction techniques can be used, all of which are familiar to
most plastic surgeons. The only absolute requirement is that the nipple/areolar com-
plex “flap” not be based inferiorly, since any blood supply that would have been relied
upon in an inferior pedicle technique will have been resected. Techniques similar to the
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FIG. 19-4 (A) Patient with a partial mastectomy defect in
the lower pole of the left breast. (B) The defect was encom-
passed into a Wise pattern reduction mammaplasty. (C) The
immediate result. (D) After healing, the treated breast was
smaller than the opposite one but had an excellent shape.
The opposite breast had been deformed by a previous biopsy.
(E) Later, the opposite breast was reduced for symmetry.
(From Kroll SS, Singletary SE: Clin Plast Surg. 1998;25:
303–310. Used with permission.)
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FIG. 19-5 (A) Patient with a superficial carcinoma (Paget’s
disease) in the right nipple/areolar complex. (B) Close-up view
of the tumor. (C) After wide local excision using a modified
Wise pattern and reduction of the opposite breast.

FIG. 19-6 The lateral mastopexy used for nipple centralization. This is like a vertical mastopexy
pattern turned on its side.
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round-block method of Benelli14 can also be used provided that no skin outside the
usual reduction pattern has had to be removed.

L a t e r a l  D e f e c t s  T h a t  I n c l u d e  S k i n
If the defect is located laterally, the usual pattern used for reduction mammaplasty can
be turned on its side and the equivalent of a breast reduction can be performed by ex-
cising a wedge from the lateral breast. The equivalent of a vertical or J-shaped breast
reduction pattern works best (Fig 19-6). The nipple/areolar complex must be central-
ized by relocating it more medially, using the same techniques normally used to elevate
the nipple/areolar complex during breast reduction or mastopexy (Fig 19-7).15 If the

A B

C D

FIG. 19-7 (A) A 43-year-old woman 5 years after breast conservation treatment of right breast cancer. The nipple is displaced
laterally, and the breast is significantly deformed. (B, C) Treatment plan for nipple centralization and contralateral breast reduc-
tion. (D) Result 8 months later, showing better nipple position and improved symmetry. (From Kroll SS: Ann Plast Surg.
1990;24:271. Used with permission.)



breast has not been previously irradiated, the glandular tissue can often be rearranged
as in the vertical mammaplasty technique of Lassus.16

Analogous to the medial and lateral breast flaps in a breast reduction, superior and
inferior breast flaps must be developed laterally. The scars will not be hidden in the in-
framammary fold, but the overall breast shape can be well maintained and a pleasing
form achieved. As in treatment of inferior mastectomy defects, if the amount of breast
tissue removed was significant a reduction of the opposite breast is indicated.

Another approach to defects in the outer upper quadrant is to use the “plug” flap
technique of Daher.17 In this technique, a centrally based flap is created in the lower
pole of the breast, where tissue would ordinarily be resected when performing a reduc-
tion mammaplasty. A tunnel is made between the base of this flap and the defect in
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FIG. 19-8 (A) Patient with defect in the upper pole of
the left breast, with the outline of a “plug” flap in the lower
pole. The opposite (right) breast is undergoing a reduction
mammaplasty. (B) The plug flap is pulled through the tun-
nel into the defect in the upper pole of the breast. (C) The
immediate result shows good symmetry and breast shape.
(Photos courtesy of Fabio Carramaschi, MD, São Paulo,
Brazil.)



the upper outer quadrant or upper pole of the breast. The plug flap is passed through
the tunnel, then used to repair the defect in the superior portion of the breast (Fig 
19-8). The donor defect created by harvest of the plug flap is then repaired as in an or-
dinary breast reduction. Simultaneously, the opposite breast is reduced to restore sym-
metry to the two breasts.

M e d i u m  D e f e c t s  i n  M e d i u m  o r  
S m a l l e r  B r e a s t s  ( L o c a l  F l a p s )

D e f e c t s  i n  t h e  L a t e r a l  B r e a s t  o r  L o w e r  P o l e
If the defect is located laterally or in the lower pole, a local flap can be used to at least
partially replace the excised breast with adjacent tissue. For defects in the 12 o’clock
position of the lower pole, or for defects situated medial to that, a small thoracoab-
dominal flap can be very useful. This flap is taken from the skin and subcutaneous tis-
sue just lateral to and below the inframammary fold (Fig 19-9). The donor scar will be
partially camouflaged in the inframammary crease, and the defect will be replaced by
like tissue.

If the defect is situated more laterally, a rotation flap that transfers redundant skin
and subcutaneous tissue from the area just inferior to the axilla can be designed (Fig
19-10). This effectively shifts the defect into the subaxillary region, where it is less con-
spicuous, and adds tissue to the deficient breast, where it is needed. The rotation flap
can work well if there is sufficient subaxillary tissue present to transfer into the breast.
If the patient has undergone a very aggressive axillary dissection that included a large
amount of subcutaneous fat as well as nodal tissue, however, there may not be suffi-
cient subaxillary fatty tissue remaining to permit this approach to be successful. Here,
as in immediate reconstruction with skin-sparing mastectomy, the quality of the result
depends to a great extent on cooperation from an oncologic surgeon who is commit-
ted to a good aesthetic outcome and is willing to take extra care not to unnecessarily
sacrifice tissues that might be required for obtaining a successful reconstruction. Un-
fortunately, the amount of local tissue available for transfer is never known until the
partial mastectomy and axillary dissection have been completed. For this reason, the re-
constructive surgeon must be careful during the preoperative consultation with the pa-
tient not to make excessive promises concerning the aesthetic result.

D e f e c t s  i n  t h e  U p p e r  O u t e r  Q u a d r a n t
Defects in the upper outer quadrant can also be managed by moving tissue from the
subaxillary area, as described above (Fig 19-11). It may be necessary to use a rhomboid
(Limberg) flap rather than a rotation flap because the tissue must be transposed at a
more acute angle. In many cases, this approach will restore the breast to a size similar
to its preoperative state so that contralateral reduction is not necessary.
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FIG. 19-9 (A) Patient with a melanoma in the lower pole of
the left breast. (B) After wide local excision and elevation of a
small thoracoabdominal (local) flap. (C) After transfer of the
flap into the defect. (D, E) Result at 6 months, showing scar-
ring but good correction of the breast shape.
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FIG. 19-10 (A) Lateral breast defect following partial mastectomy. (B) Rotation flap designed to transfer subaxillary skin and
subcutaneous fat into the breast. (C) Immediate result. (D, E) Patient 4 months later, with a nearly normal breast shape. (From
Kroll SS, Singletary SE: Clin Plast Surg. 1998;25:303–310. Used with permission.)

D e f e c t s  i n  t h e  U p p e r  P o l e
Defects in the upper pole can be managed by elevating and transposing a superiorly
based composite flap8 that, like the methods described immediately above, shifts the
defect to the subaxillary area (Fig 19-12). The difference between this flap and those
described above is that this superiorly based flap contains a significant amount of breast
tissue, which gets its blood supply from the overlying skin (Fig 19-13). Because the



thickness of the flap matches that of the surrounding breast, the shape of the breast is
well maintained and the cosmetic result, aside from the scars, can be excellent (Fig 
19-14). Because the scars, like the defect, are in the upper pole of the breast, they tend
to be more conspicuous than scars in the lower part of the breast would be. Fortunately,
they tend to fade with time, and in any case are less important to the final result than
the achievement of correct breast form.
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FIG. 19-11 (A) A 58-year-old woman with a lumpectomy defect in the upper outer quadrant. She also had a recent biopsy in
the subareolar area. (B, C) The defect was repaired with a local flap, shifting the defect to the less conspicuous subaxillary region.
(D) Result 9 months later, showing more deformity from the biopsy than from the partial mastectomy.



Medium Defects in Medium or Smaller Breasts (Local Flaps) 285

A B

FIG. 19-12 (A, B) A 33-year-old woman with early breast can-
cer, showing the plan for lumpectomy and repair of the defect
with a superiorly based local flap. (C) Lumpectomy defect. 
(D, E) Patient 2 months later, with a breast shape that is almost
normal. (From Kroll SS, Singletary SE: Clin Plast Surg. 1988;
25:303–310. Used with permission.)
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One disadvantage of this approach is that it creates internal breast scarring that
could make it difficult to excise additional breast tissue (should the margins prove to
contain tumor) without performing a total mastectomy. Subsequent irradiation can sig-
nificantly increase the scarring (Fig 19-15). This internal scarring can make subsequent
mammograms more difficult to interpret. Even so, this technique can provide an aes-
thetically superior result without requiring the use of a distant flap, and it is therefore
very useful. As in any surgery on a breast at risk for developing breast cancer, a 
baseline mammogram should be obtained 3 to 6 months after completion of the 
reconstruction.

L a r g e  D e f e c t s
Unless the breast is very large, large breast defects caused by partial mastectomy usually
require distant tissue for correction. I do not like to use TRAM flaps for this purpose
because I prefer to keep the TRAM flap in reserve in case a total mastectomy is subse-
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FIG. 19-13 Schematic drawing of the superiorly based flap for reconstruction of defects in the
upper pole of the breast. (From Bold RJ, Kroll SS, Baldwin BJ, et al: Ann Surg Oncol. 1997;4:540.
Used with permission.)
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FIG. 19-14 (A) A 38-year-old woman with a large lumpec-
tomy defect in the upper pole of the breast. (B) Plan for a su-
periorly based flap. (C) Result 1 year later. See color insert, 
p. I-18. (From Bold RJ, Kroll SS, Baldwin BJ, et al: Ann Surg
Oncol. 1997;4:540. Used with permission.)

quently required. Fortunately, even the largest partial mastectomy defects can usually
be managed with a latissimus dorsi flap. The latissimus dorsi flap is technically much
simpler than the TRAM flap and has a low incidence of failure. In most cases, a large
skin island is not required so the donor site scar is acceptable. The color and texture
match of the latissimus flap may not always be ideal, but the patch effect can be re-
duced by placing at least one of the scars in the inframammary fold or the lateral breast
border where it will be less conspicuous.

L a t e  E f f e c t s  o f  R a d i o t h e r a p y
Most of the deleterious effects of breast conservation on breast appearance are due to
the partial mastectomy and the distortion of breast shape that it creates. Over the



long term, however, irradiation can also induce changes that can harm the appear-
ance of the breast.8,10 These changes can include skin hyperpigmentation, telangiec-
tasia, and fibrosis. The changes can range from mild to severe, and tend to increase
in severity with time. Radiotherapy can even induce sarcomas (Fig 19-16). Although
modern radiotherapy treatment methods have reduced the incidence of these prob-
lems, deleterious effects from irradiation continue to exist. These effects tend to be
more deleterious when the therapy has been aggressive in an attempt to treat an ad-
vanced breast cancer with a worse-than-average prognosis, and invariably become 
more severe with time. Unfortunately, the only treatment for these radiation injuries
is to excise the damaged tissue and replace it with a distant flap (Fig 19-17). This
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FIG. 19-15 (A) Patient after bilateral free TRAM flap breast reconstruction who underwent excision of a local recurrence in the
upper pole of the right reconstructed breast. (B) The defect was repaired with a bilobed superiorly based flap or skin, breast tis-
sue, and subcutaneous fat. (C) Result after 6 months appeared to be good. (D) Unfortunately, the patient then had to be treated
with additional radiotherapy, and after 18 months this induced fibrosis, which caused the nipple to become displaced superiorly.
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FIG. 19-16 (A) Patient treated for early breast cancer with par-
tial mastectomy and irradiation in 1976. (B) Three years later,
the aesthetic result appeared to be excellent. (C) Eleven years af-
ter treatment, the breast was showing changes from the radio-
therapy. (D) Twelve years after treatment, the breast had changed
markedly, and an irradiation-induced sarcoma had appeared. (E)
Wide excision of the sarcoma was performed. (F) The chest wall
was reconstructed with a TRAM flap, which was shaped into a
rough facsimile of a breast. (G) Ultimately (17 years after her ra-
diotherapy), the patient developed systemic metastases. Because
of weight loss, the TRAM flap has become much smaller.
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treatment is obviously radical and is reserved for only the most severe cases. The best
management for radiation-induced collateral tissue damage is therefore avoidance,
through careful treatment planning and meticulous execution by the radiation on-
cologist.
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FIG. 19-17 (A) Patient who had been treated for carcinoma of the left breast with mastectomy and irradiation. She subsequently
had developed a radiation-induced sarcoma. (B) The sarcoma was treated by wide local excision, leaving a full-thickness defect of
the chest wall. (C) The chest wall was reconstructed with a double-pedicled TRAM flap. Fortuitously, there was sufficient tissue
to allow creation of a breast mound. (D) The opposite breast underwent reduction, leading to reasonable symmetry considering
the circumstances. (E) Nine years later, the patient was free of disease and the reconstruction remained successful. (From Kroll
SS, Larson DL: Chest wall reconstruction. In: Kroll SS, ed. Reconstructive Plastic Surgery for Cancer. St. Louis: Mosby, 1996; Used
with permission.)



S u m m a r y
Breast deformity caused by partial mastectomy can often be partially or completely cor-
rected by replacing the missing breast tissue with a flap. Local flaps are generally pre-
ferred, if sufficient tissue is available. Often, the defect can be shifted to a less conspic-
uous site, such as the subaxillary region, outside the breast mound. Sometimes the nipple
must also be repositioned, using techniques similar to those used in mastopexy. Not
every partial mastectomy defect can be satisfactorily repaired with a local flap, however.
In some cases, particularly if an aggressive axillary dissection has been performed and
the amount of remaining local tissue is limited, distant tissue will be required to suc-
cessfully restore a normal shape to the breast. In that case, the latissimus dorsi flap is
usually the best choice.
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Breast Mound 
Revision Surgery20

G o a l s  o f  R e v i s i o n  S u r g e r y
The goal of breast mound revision is to create a mound that matches the opposite
breast in size and shape when the patient is standing. Breast mound revisions are fre-
quently required because in the operating room, during the initial breast mound re-
construction, it is impossible to stand the patient up and compare the two breasts in
the upright position. Consequently, the surgeon must use artistic judgment and make
educated guesses based on the patient’s appearance while supine. Some of these guesses
will be wrong, and corrections will be needed at a later date. Also, there are limita-
tions to how much shaping can be performed without jeopardizing the viability of the
flap while all of its blood supply is coming from one source, the pedicle. Because of
these problems, some revision of each autologous tissue breast reconstruction is almost
always necessary. Revisions are usually only minor surgery and can often be performed
under local anesthesia, but they are extremely important because they can make the
difference between results that are only fair and outcomes that are excellent. In revi-
sion surgery, the surgeon attempts to correct errors and achieve symmetry.1 Ideally,
this is accomplished without requiring surgical intervention on the opposite breast,2

but that is not always possible.
During the revision surgery the same difficulty with positioning is present, but

the surgeon has the advantage of being able to plan the revision and mark the patient
preoperatively in the upright position. Moreover, the breast mound and some degree
of symmetry already exist. Because there is less need for radical change, the chance of
achieving symmetry is better than was the case in the initial reconstruction. Also, the
constraints imposed by the limited blood supply of the flap will have vanished, so more
aggressive shaping is possible. Nevertheless, breast mound revision surgery is not always
easy. At times, the artistic and technical challenges can be much greater than those pre-
sented by the actual transfer of a free transverse rectus abdominus myocutaneous
(TRAM) flap.



S u r g i c a l  A l t e r a t i o n  o f  t h e  
O p p o s i t e  B r e a s t
Sometimes the easiest way to achieve breast symmetry is to alter the opposite, natural
breast. This is especially indicated when the natural breast is larger or more ptotic than
the reconstructed one. In some cases, alteration of the natural breast is indicated when
it is smaller than the reconstructed one but the patient prefers the size of the recon-
structed mound and requests contralateral augmentation. This subject will be discussed
more thoroughly in chapter 21. When the opposite natural breast is attractive, it is usu-
ally preferable to match it by altering the reconstructed breast. In this way, scarring is
minimized and the patient’s body image is less disturbed. Moreover, any possible in-
terference by scarring with subsequent surveillance of the opposite breast (to detect early
signs of a second contralateral primary tumor) is completely avoided.

C o m m o n  T e c h n i q u e s  f o r  
R e v i s i o n  o f  t h e  R e c o n s t r u c t e d  B r e a s t
The techniques I use most commonly to revise a reconstructed breast mound include
suction lipectomy, direct excision of excess tissue, reduction mammaplasty techniques,
and internal shifting of tissue within the breast mound using V-to-Y island flaps. Each
approach has advantages and disadvantages, and has certain situations for which it would
be the method of choice.

S u c t i o n  L i p e c t o m y
The easiest, and therefore best, approach to reduction of excessive size when overall breast
shape is good and the size excess is not substantial would, in theory, be suction lipectomy.
Ideally, this would reduce the size of the breast without changing its shape or adding vis-
ible scars. In practice, however, suction lipectomy provides variable results. Some recon-
structed breasts respond well to suction lipectomy, giving up fat freely and reducing sub-
stantially in size, while others seem to respond poorly. Prior injection with saline solution
containing very dilute (1:1,000,000) epinephrine will reduce blood loss and make the li-
posuction more effective.3–5 In my opinion, liposuction is worth trying whenever a rela-
tively small amount of reduction is desired, but the surgeon should always have a backup
plan in case the suction is ineffective. For overall reduction of breast size, suction lipec-
tomy works best when only a moderate reduction is required. For a more radical change,
direct excision or a reduction mammaplasty technique is usually necessary.

The most common use of suction lipectomy in my practice is to alter the shape
of the breast using localized liposuction within the breast mound. Liposuction is espe-
cially useful for reducing areas that are not easily accessible to direct excision, such as
the medial or superior part of the breast mound in a patient who has had an immedi-
ate reconstruction after a skin-sparing mastectomy (Fig 20-1). Through the use of li-
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FIG. 20-1 (A) Patient after immediate right breast reconstruction with a free TRAM flap. The reconstructed mound is too large.
(B) A paper tape template was made of the opposite breast. (C) The template was inverted and used to design a skin resection
from the reconstructed breast. (D) Final pattern for skin and fat resection on the reconstructed breast. (E) Tissue was surgically
excised laterally, but liposuction was required medially to reduce the breast without introducing additional scarring. (F) After re-
vision with liposuction, the symmetry is significantly improved.
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posuction, the changes in contour can be accomplished without adding a new visible
scar. Consequently, liposuction can be used liberally to accomplish subtle changes that
otherwise might not be deemed worth the price of an additional scar.

D i r e c t  E x c i s i o n  o f  E x c e s s  T i s s u e
The most common problem after breast mound reconstruction is excessive lateral tis-
sue, particularly in the upper outer quadrant. This can sometimes be adequately reached
with suction lipectomy but more often will require direct excision. If an ellipse of skin
and subcutaneous tissue is simply excised, a depressed scar and deformed breast shape
may result. Although such a result may improve with time, a better approach is to re-
move an ellipse of skin, elevate the mastectomy flaps superiorly and inferiorly, and then
sculpt the excess tissue off the mound over a wide area with scissors or electrocautery
(Fig 20-2). This approach can provide a nice result without deforming the breast shape
or adding new scars (Fig 20-3). It does not, however, improve breast projection. Suc-
tion drainage is advisable for all but the smallest wounds.
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FIG. 20-2 (A) Plan for sculpting away excess tissue from the
upper outer quadrant. (B) The mastectomy flaps are elevated
to expose the TRAM flap. (C) The tissue resected from the re-
constructed breast, containing more fat than skin.
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U s e  o f  R e d u c t i o n  M a m m a p l a s t y  T e c h n i q u e s
Another very effective way to reduce overall breast size is to resect a triangle of skin and
fat from the lower pole, using an approach similar to that used in some reduction
mammaplasties. This approach works best when the autologous tissue flap has a superi-
orly based blood supply (as in a free flap). In fact, the ability to use this revision tech-
nique is one of the advantages of using free flaps for breast reconstruction. Medial and
lateral breast flaps are developed using an incision along the inframammary fold, and these
flaps are mobilized toward the breast meridian where they are sutured together (Fig 
20-4). Tissue is sculpted away from the lower border of the breast as necessary. By resec-
tion of tissue that includes all of the base of a triangle from the lower pole, but by sparing
some of the tissue deep to the superior tip of this triangle, this technique encourages the
breast to assume a pyramidal shape that will increase projection under the new areola.

An excellent way to design this revision is to make a paper tape template of the
opposite breast, then turn it over and mark the pattern on the reconstructed breast (Fig
20-5). In this way, the skin brassiere of the reconstructed breast becomes a mirror im-
age of the natural one. Moreover, some of the excess skin that would normally be dis-
carded during this maneuver can be used to create a nipple (Fig 20-6), avoiding the
flattening of the breast mound usually associated with nipple reconstruction.

A similar approach can be used to resect an ellipse of skin from the lateral breast
mound (Fig 20-7). A paper tape template is made of the opposite breast as in the tech-
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FIG. 20-3 (A) Patient after breast reconstruction with a free TRAM flap, showing excess lat-
eral fullness. (B) Same patient after revision, showing improved symmetry. See color insert, 
p. I-19.



nique described above, but the template is opened laterally instead of inferiorly. The
template is used to predict how much skin must be resected from the lateral part of re-
constructed mound to achieve symmetry with the natural breast. This approach has the
advantage of not creating a new scar on the inferior pole of the breast. Redundant skin
can still be used to create a nipple, but the projection in the inferior pole is not aug-
mented, and the inframammary fold is not elevated.
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FIG. 20-4 (A) Patient with a breast reconstructed with a
free TRAM flap that is larger than the opposite, natural
breast. (B) Reduction of breast size by resection of a trian-
gle of tissue from the lower pole. A small superiorly based
flap is used to provide tissue for nipple reconstruction. Me-
dial and lateral breast flaps are mobilized and sutured to-
gether at the breast meridian, as in a reduction mammaplasty.
(C) After revision, but before definitive nipple reconstruc-
tion. See color insert., p. I-19.
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FIG. 20-5 (A) Patient with an immediate free TRAM flap
breast reconstruction that is larger than her opposite nat-
ural breast. (B) The midline, clavicle, and inframammary
fold are marked on the natural breast, and a paper tape
mask is created to form a template. (C) The tape mask is
removed, spit inferiorly, turned over, and placed symmet-
rically on the reconstructed breast, using the midline and
the clavicle as guides. (D) The pattern is used as a plant for
reduction of the reconstructed mound. Some of the skin
excess becomes a superiorly based flap for nipple recon-
struction. (E) After one revision using this approach, sym-
metry is much improved. Nipple reconstruction is not fin-
ished, however.
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FIG. 20-6 (A) Patient after breast mound reconstruction with a free TRAM flap. The reconstructed right breast is too
large. See color insert, p. I-20. (B) Pattern for reduction of reconstructed breast, with use of the redundant skin as a “wrap-
around” flap to create a nipple. See color insert, p. I-20. (C) The wrap-around flap after elevation. See color insert, p. I-21.
(D) The flap is turned medially upon itself to create a projecting nipple. See color insert, p. I-21. (E) The immediate re-
sult in the operating room. See color insert, p. I-22. (F) The same patient 3 weeks later. See color insert, p. I-22.

A

C

E

F

D

B

300



Common Techniques for Revision of the Reconstructed Breast 301

A

C D

B

FIG. 20-7 (A) Patient with excess tissue laterally after free TRAM flap breast reconstruction. (B) A paper tape template
is made from the opposite breast, then turned inside-out and used to design the reduction of the skin brassiere of the re-
constructed breast. (C) Operative plan. (D) Result of revision and of nipple reconstruction using the “wrap-around” flap
created from redundant skin.
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FIG. 20-8 (A) Reconstructed breast mound that is too full in the upper outer quadrant and has insufficient projection inferi-
orly. (B, C, D) V-to-Y island flap is designed to move tissue toward the lower pole. (E) The result is a better balanced breast with
increased projection inferiorly, where it belongs. See color insert, p. I-23.
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I n t e r n a l  S h i f t i n g  o f  T i s s u e  w i t h  V - t o - Y  F l a p s
Not infrequently, a deficiency of tissue in one part of the breast mound will be com-
bined with an excess of tissue elsewhere in the breast. In some cases, this excess can be
transferred to the part of the breast that is in need of it by using a large subcutaneously
based V-to-Y island flap. The most common indication for this technique is an excess
of tissue in the upper outer quadrant of the breast combined with a deficiency of pro-
jection and tissue in the lower pole (Fig 20-8). Although the tissue excess may be lo-
cated far from the deficient area, the flap itself does not move very far. The flap must
be large enough to have its tail in the area of excess and the tip within 1 or 2 cm of
the area of deficiency. The flap is based on a subcutaneous pedicle, and must be freed
up enough that sufficient tissue is transferred to the deficient area (usually the lower
pole of the breast) but not so much that viability of the tissue is threatened. The tip of
the flap should be expected to move no more than 1 to 2 cm, but the tail and mid-
portion can often advance a greater distance. The skin paddle of the flap should be large
enough to include several subcutaneous perforators. Designs with small skin islands,
therefore, should be avoided.

This technique is most often used for augmentation of the lower pole of the breast,
but can also be used to correct deficiencies medially (Fig 20-9) or even centrally (Fig
20-10). It is especially useful for localized deformities caused by partial flap loss or ex-
cision of areas of fat necrosis that have failed to resolve spontaneously.

L e s s  C o m m o n l y  U s e d  T e c h n i q u e s

I n c r e a s i n g  t h e  R e c o n s t r u c t e d  B r e a s t  M o u n d  S i z e
A reconstructed breast that is smaller than the opposite one is best corrected by reduc-
tion of the natural breast unless the reconstructed breast is obviously too small. In some
cases, however, the patient will not consent to this and insists on enlarging the recon-
structed breast. By far, the easiest way to do this is with an implant (Fig 20-11). If the
implant is relatively small, any casular contracture that occurs can be effectively cam-
ouflaged by the soft overlying tissue of the autologous tissue reconstruction. I generally
prefer saline-filled implants, which have a lower rate of capsular contracture than sili-
cone gel–filled implants but are more likely to leak and require eventual replacement.
The smaller the implant, the more likely it will be to look natural and avoid the symp-
toms of capsular contracture.

Small autologous tissue augmentations of the reconstructed breast mound can
sometimes be accomplished with local flaps from the subaxillary or inframammary skin.
If much tissue will be needed, however, a large flap like a latissimus dorsi flap may be
required. This approach was often necessary in the early days of TRAM flap breast re-
construction, when partial flap losses were more common. Today, with free TRAM
flaps, partial losses are much rarer, and supplementary latissimus dorsi or other major
flaps are rarely required.
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M o v i n g  t h e  B r e a s t  M o r e  M e d i a l l y
Occasionally, the surgeon will find that the overall breast size is correct but the mound
has been placed too laterally, making clothing and brassieres fit poorly. After a free
flap (TRAM or other) reconstruction, this can be corrected effectively by making an
inframammary incision, freeing up the lower pole of the breast (taking care not to
injure the flap pedicle), and advancing the entire lower breast medially (Fig 20-12).
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FIG. 20-9 (A) Patient after a deep inferior epigastric perforator
flap who had medial fat necrosis that was resected in the clinic.
(B) Close-up of breast mound after resection of the fat necrosis.
(C) After correction of the medial defect with a V-to-Y island
flap that consisted of most of the upper portion of the flap. Note
the new scar crossing the midportion of the breast.
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Essentially, this approach converts the breast reconstruction into a huge superiorly
based flap. It can be successful only when the flap has a superiorly based blood sup-
ply. A new inframammary fold is created more medially, with de-epithelialization of
the skin between it and the original fold as necessary. The breast is then rotated me-
dially and inset into the new inframammary fold, improving breast symmetry and re-
ducing lateral fullness in one step. A modification of this procedure can also be used
to lower the inframammary fold, should that be necessary. The disadvantage of this

FIG. 20-10 (A) Patient with a breast mound reconstructed with a
free TRAM flap who has a great deal of excess tissue laterally. The
breast lacks projection inferiorly, however, and has an inframam-
mary fold that is too flat. (B) A large subcutaneously based V-to-Y
island flap is created laterally, then advanced inferomedially to aug-
ment the lower pole of the breast. (C) This revision resulted in bet-
ter inferior pole projection and a more rounded inframammary fold.
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approach is a long inframammary scar, but this scar is partially hidden by breast pto-
sis and in any case is preferable to a malpositioned breast. This method of moving
the breast mound might theoretically also be used for mounds reconstructed with
pedicled TRAM flaps, but the intervening pedicle would make the process techni-
cally more difficult.

R a i s i n g  t h e  I n f r a m a m m a r y  F o l d
Raising an inframammary fold that is too low can be extremely difficult. Performing a
mastopexy by simply excising skin using existing scars is tempting and will achieve a
temporary change, but the inframammary fold will usually settle back to its original low
position with time. Similarly, freeing up the fold and the surrounding soft tissues and
suturing the fold to a higher position on the chest wall will usually achieve only tem-
porary success. This is especially true if the breast mound is large, in which case grav-
ity will work to defeat the surgeon’s best efforts.

One approach that I have found effective is to reelevate the inferior mastectomy
flap, sculpt fatty tissue away from the lower pole of the breast, and then artificially re-
create an inframammary fold with sutures attaching the mastectomy flap to the chest
wall at a more superior position (Fig 20-13) or using other suturing techniques similar
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FIG. 20-11 (A) Patient who underwent previous heavy irradiation and whose reconstructed
breast was smaller than the opposite breast. (B) After augmentation of the reconstruction breast
with a saline-filled implant, the symmetry is improved, although because of the irradiation it is
far from perfect.
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FIG. 20-12 (A) After breast mound recon-
struction, the breasts are positioned too far
laterally. (B) The breasts are made into supe-
riorly based flaps to allow them to move me-
dially. (C) The mounds were moved medi-
ally, giving the breasts a slightly more natural
appearance although even more medial move-
ment might have been better.
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C

FIG. 20-13 The inframammary fold is positioned more superiorly, creating it with continuous sutures.
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FIG. 20-14 (A) Patient with a right breast mound reconstructed with a free TRAM flap. The breast mound is slightly too large
and the inframammary fold is too low. (B) Plan for a vertical reduction of the breast, with maximal skin tightening at the level
where the inframammary fold is desired. Some liposuction was also planned. (C) The breast mound after resection of the excess
tissue from the lower pole of the breast. (D) The result, clearly showing the elevated inframammary fold. The breast mound, how-
ever, was slightly overreduced.
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FIG. 20-15 (A) Somewhat obese patient after bilateral breast reconstruction with free TRAM flaps. The breasts are both too
large and too pendulous. There also are bilateral dog-ears lateral to the abdominal donor site scar. (B) Plan for reduction of breast
size and elevation of the inframammary folds using inverted T-shaped patterns. Nipple reconstruction with wrap-around flaps is
also planned. (C) Tissue removed from lower pole of right breast. (D) Early result, before complete settling of the breasts. The
breasts are smaller and less ptotic.



to those employed in a vertical mammoplasty.6,7 Obviously, this works best when the
breast mound is larger than the opposite breast and must be reduced. Taping of the
chest wall skin under the breast with foam tape and use of an underwire brassiere may
help to maintain the fold’s position.

Another even more useful approach is to perform a variation of a vertical reduc-
tion mammaplasty or mastopexy. This is especially useful if a reduction in breast vol-
ume is also required. The surgeon resects skin (and underlying tissue as well, if volume
reduction is desired) in a horizontal direction (Fig 20-14). The maximum tightness
should be at the level where the new inframammary fold is desired. The skin can be
undermined and tissue excised from below the desired level of the fold, to better de-
fine its location. If access to this tissue is inadequate or if the surgeon does not want to
extend the vertical incision below the inframammary fold, an inverted T incision (Fig
20-15) can be used instead. The surgeon should refrain, however, from resecting skin
in the vertical direction so that any tendency for the fold to be pulled back downward
is minimized.

Even with these approaches, however, elevation of the inframammary fold can be
difficult and uncertain. For that reason, correct positioning of the fold during the ini-
tial breast mound reconstruction is of paramount importance.

L o w e r i n g  t h e  I n f r a m a m m a r y  F o l d
In the case of an inframammary fold that is too high, gravity will work with the sur-
geon instead of against him or her, and improvement is possible. An inframammary in-
cision, mobilization of the lower part of the reconstructed breast mound, and removal
of skin between the old and new inframammary folds will allow the breast to descend.
This approach is similar to that used to correct a breast mound that is positioned too
laterally, and will be successful provided that there is enough skin and internal tissue
laxity to allow the breast to descend. It is not likely to be successful in an irradiated
breast, however, where internal scarring may prevent the breast from moving inferiorly.
Also the amount of lowering of the fold is usually limited to 1 or 2 cm. 

S u m m a r y
Breast mound revision surgery is frequently necessary and is an important part of au-
tologous tissue breast reconstruction. Because the initial reconstruction must be per-
formed with the patient supine, achieving symmetry when the patient is upright can be
difficult. Correction of the reconstructed breast mound to match the opposite side is
ideal, but sometimes it is more practical to achieve symmetry by altering the opposite,
natural breast. The most common asymmetry requiring revision is excess tissue in the
lateral part of the reconstructed breast; this is usually corrected by removing an ellipse
of skin, reelevating the mastectomy flaps, and removing excess fat from the mound over
a wide area. Alternatively, reduction mammaplasty techniques can be used to improve
breast projection and shape at the same time that the size is reduced. A breast mound
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that is too lateral can sometimes be moved medially without removing tissue by mak-
ing an inframammary incision, separating the lower half of the breast mound from the
chest wall, and moving it medially as a superiorly based flap. If there is insufficient tis-
sue in the lower pole, a V-to-Y island flap can be used to move excess tissue in the up-
per breast to a more inferior position. Suction lipectomy can be effective for modestly
reducing overall breast size or to make small localized corrections.

Breast mound revision surgery is not always easy, but it is crucial to the goal of
attaining the best possible outcome. Mastery of this aspect of breast reconstruction al-
lows the surgeon to significantly improve the quality of the patient’s results with rela-
tively little expense, and is well worth the investment of time and effort required.
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The Opposite 
Breast21

T h e  I m p o r t a n c e  o f  S y m m e t r y
The goal of breast reconstruction is to make mastectomy patients look as normal as pos-
sible, especially in their clothing. Obtaining breast symmetry obviously contributes enor-
mously to achieving that goal. It is rarely possible to reconstruct a breast mound that
looks exactly like its opposite, natural counterpart on close inspection. Instead, the sur-
geon seeks to create an illusion of normalcy by creating a breast mound that is close
enough in size and shape to the opposite breast that the observer is fooled, in part by
his or her expectations, into believing that what is being seen is a real breast.

Sometimes the easiest way to achieve breast symmetry is to revise the opposite,
natural breast.1,2 This is especially indicated when the reconstructed breast mound looks
better than the natural one, which commonly occurs when the opposite breast is ex-
cessively small or ptotic. In that case, surgery on the opposite breast may be indicated
and will often provide an excellent result. Opposite breast alteration may also be indi-
cated when changing the reconstructed mound to match the natural breast would be
technically difficult, even when the natural breast has an attractive appearance. This is
usually the case when the reconstructed breast mound has less ptosis than the natural
breast, because lowering the reconstructed breast is so difficult. Whenever surgery is
planned on an opposite breast, a mammogram should be obtained preoperatively so
that if there is a suspicious lesion in the breast, biopsy can be incorporated into the
planned surgery and will not require additional incisions.

O p p o s i t e  M a s t o p e x y
The most common cause of asymmetry after unilateral breast reconstruction is a lack
of ptosis in the reconstructed breast. For this reason, mastopexy3 is the procedure most
frequently performed on the opposite breast. If opposite mastopexy will obviously be



required, it can be performed simultaneous with the breast mound reconstruction (Fig
21-1), eliminating the need for one subsequent surgical procedure. If the breast mound
reconstruction is difficult or involves excessive time or blood loss, however, the
mastopexy should be deferred.

To design a subsequent mastopexy, the surgeon marks ideal nipple position on
the reconstructed breast mound. The breast meridian is marked on both sides, as are
the clavicles, the sternal notch, and the inframammary fold. The mirror image of the
ideal position of the reconstructed nipple on the reconstructed breast mound is marked
on the natural breast, based on measurements from the clavicles and the sternal notch.
The mastopexy is then designed around this newly determined nipple position (Fig 
21-2). The desired distance between the nipple and the inframammary fold on the
mastopexy side is calculated from the dimensions of the reconstructed breast mound
(distance from inframammary fold to ideal nipple position).

In some cases, both the reconstructed breast and the natural one will need
mastopexy or reduction. This situation arises when both breasts are ptotic and the pa-
tient requests that they be elevated and/or reduced. In that case (Fig 21-3), the nipple
should not be reconstructed at the same time as the mastopexy or reduction. Instead,
the surgeon should wait until the breast shaping process has been completed before se-
lecting the location of the new nipple.
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FIG. 21-1 (A) Patient with excessively ptotic breasts showing the operative plan. The nip-
ple/areolar complex and biopsy scar were excised. (B) Result of immediate right free transverse
rectus abdominus myocutaneous (TRAM) flap breast reconstruction and simultaneous left
mastopexy.
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FIG. 21-2 (A) Patient with TRAM flap breast mound prior to revision. The natural breast is much more ptotic than the re-
constructed one. (B) The ideal nipple position is marked on the reconstructed breast mound; then the mastopexy is designed
around its mirror image. (C) Result of opposite mastopexy. (From Kroll SS: Options for the contralateral breast in breast recon-
struction. In Spear SL, ed. Surgery of the Breast: Principles and Art. Philadelphia: Lippincott-Raven, 1998, pp. 653–658; Kroll SS,
Miller MJ, Schusterman MA, Reece GP, Singletary SE, Ames F. Ann Surg Oncol. 1994;1:457–461. Used with permission.)

FIG. 21-3 (A) Patient with plan for simultaneous right breast revision and left mastopexy, without simulta-
neous nipple reconstruction. (B) Early result. The nipple site will be selected only after all breast shaping has
been completed.



If a considerable amount of elevation is required of the mastopexy, the choice of
mastopexy pattern will be between a Wise pattern (Figs 21-1 and 21-2) and a vertical
incision (Fig 21-4).4,5 If only 1 or 2 cm of nipple elevation are required, however, a
circumferential (“doughnut”) or crescent mastopexy (Fig 21-5) is often a better choice.6

The crescent mastopexy minimizes scarring in the lower part of the breast, but at the
price of flattening the breast mound. In aesthetic surgery this flattening is ordinarily a
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FIG. 21-4 Vertical pattern for mastopexy. This avoids the horizontal scar, but elevates the nip-
ple/areolar complex less than is possible with the traditional Wise pattern.

FIG. 21-5 Pattern for bilateral crescent mastopexy. This avoids all scars except the circumare-
olar ones but flattens the breasts.
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disadvantage, but because lack of projection is a typical feature of a reconstructed breast
mound, in this case the flattening can improve symmetry and therefore is usually 
desirable.

During the mastopexy, the patient should be placed in a sitting position on the
operating table so that symmetry can be evaluated. Although a completely upright po-
sition cannot be achieved, a nearly upright position can be attained by combining back
elevation with a reverse Trendelenburg position, allowing the surgeon to evaluate sym-
metry with reasonable accuracy. A temporary wound closure can be performed with
surgical staples for this evaluation. If adjustments are necessary, they can then be made
before final wound closure is performed with sutures.

One of the common but unfortunate sequelae of a circumferential mastopexy is
widening of the scars. This can be improved by scar revision at a later time or prevented
by using a permanent or long-lasting purse-string suture (Fig 21-6) similar, in princi-
ple, to the “round block” suture advocated by Benelli.7,8 A purse-string suture will also
reduce the tendency for the aerola to enlarge as a result of outward tension. Alterna-
tively, eventual enlargement of the areola can be compensated for by making the are-
ola somewhat smaller than desired and allowing it to expand when subjected to the ten-
sion of wound closure. This, however, does not avoid the problem of scar widening the
way a permanent purse-string or blocking suture does.

O p p o s i t e  B r e a s t  R e d u c t i o n
If the opposite breast is larger than the reconstructed one, opposite breast reduction9–12

is usually indicated. This is especially true if the opposite breast is too large and is caus-
ing neck or back pain, interfering with exercise, or causing rashes in the inframammary
fold. Contralateral reduction also reduces the weight and ptosis required of the recon-
structed breast, making reconstruction with a free flap safer and easier by reducing the
necessary pedicle length. Often, when the breasts are excessively large, the patient will
consider the reconstruction an opportunity to reduce breast size and obtain sympto-
matic relief, and may bring up the subject of opposite breast reduction herself. In such
a case, it is generally preferable to perform the contralateral reduction at the same time
as the initial breast mound reconstruction, provided that the breast mound recon-
struction is not excessively lengthy or complicated by excessive blood loss. This allows
fine-tuning of the reduction mammaplasty result at the time of the revision of the breast
mound. In that way it is often possible to achieve good results after only one revision,
minimizing expense and patient inconvenience (Fig 21-7).

If the reconstructed breast mound is smaller than the natural breast, reduction of
the opposite breast can be indicated even when its size is not excessive. In such cases,
symmetry could theoretically be achieved by enlarging the reconstructed breast, but this
enlargement would require either an additional flap or the use of an implant. Reduc-
tion of the opposite breast is usually a much easier and more natural solution, and can
achieve excellent results (Fig 21-8).

To accomplish opposite breast reduction, I generally use an inferior pedicle tech-
nique,13,14 but any of the commonly accepted methods of breast reduction can be suc-
cessfully used. The amount of skin excision is determined from measurements as de-
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FIG. 21-6 (A) Patient with excess lateral fullness of the reconstructed right breast mound, which is also less ptotic than the op-
posite, natural breast. (B) Plan for revision of the right breast combined with crescent mastopexy on the left. (C) The excess skin
has been removed, and markings have been placed in each quadrant to line up areola and surrounding skin. (D) A modified round
block (or purse string) running suture is placed using a 2-0 monofilament absorbable PDS (polydioxanone) suture. The suture
has not yet been completely tightened so it remains partly visible. (E) The purse string suture is tied so that the knot is buried
well away from the incision. A layer of running subcuticular Prolene (polypropylene) suture is then placed to finish the repair.
(F) The result is a moderate-sized areola that will not stretch or enlarge.
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scribed above for mastopexy. The amount of glandular tissue that must be removed is
determined by comparing the two breasts and excising tissue from the reduced side un-
til symmetry is achieved. As in mastopexy, breast symmetry should be evaluated with
the patient in a nearly upright sitting position. Whenever possible, a mammogram
should be obtained preoperatively so that if there is suspicious breast tissue it can be re-
moved during the reduction. Mammography should also be performed 6 months after
the reduction so that a baseline film of the remaining natural breast will be available
should mammographically suspicious lesions subsequently develop.

O p p o s i t e  B r e a s t  A u g m e n t a t i o n
Augmentation of the opposite breast can interfere with subsequent mammograms and
subject the patient to risks associated with breast implants, such as capsular contracture,
leakage, and periprosthetic infection. In theory, therefore, opposite breast augmentation
is undesirable and is best discouraged if the opposite breast is not overly small. Never-
theless, many patients with small breasts will request such augmentation, especially if the
reconstruction has created a pleasing breast mound that is larger than the natural breast.
In such cases, especially if the natural breasts were very small, even a very small con-
tralateral augmentation will often satisfy the patient (Fig 21-9). Because patient satisfac-
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A B

FIG. 21-7 (A) Patient prior to reconstruction. (B) After simultaneous breast mound recon-
struction and opposite breast reduction. The symmetry is reasonably good. (From Kroll SS: Op-
tions for the contralateral breast in breast reconstruction. In Spear SL, ed. Surgery of the Breast:
Principles and Art. Philadelphia: Lippincott-Raven, 1998; Used with permission.)
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FIG. 21-8 (A) TRAM flap breast mound reconstruction prior to
revision. The natural breast is larger than the reconstructed one. (B)
The plan for left breast reduction using an inferior pedicle technique.
The upper pole of the reconstructed mound also underwent suction
lipectomy. (C) After the revisions, the symmetry is greatly improved.
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tion is one of the goals of breast reconstruction, and because reduction of the reconstructed
mound to a very small size may be technically difficult, opposite augmentation can be in-
dicated in selected cases, especially when the patient is strongly in favor of it.

If a decision to perform contralateral augmentation is made, I prefer using saline-
filled implants because the risk of capsular contracture is lower than when using sili-
cone gel–filled implants. The implants are best placed submuscularly because that po-



sition also reduces the incidence of capsular contracture, and interferes less with subse-
quent mammographic surveillance.

In most cases, the surgeon should select the smaller size implant that will achieve
acceptable symmetry. This is because the ratio between the implant size and the amount
of overlying breast tissue affects the risk of developing symptomatic capsular contrac-
ture. Because of the camouflaging effect of the overlying soft tissue, the smaller the im-
plant and the more breast tissue covering the implant, the less likely it is that any cap-
sular contracture that occurs will become symptomatic.

E l e c t i v e  C o n t r a l a t e r a l  M a s t e c t o m y  
a n d  B i l a t e r a l  R e c o n s t r u c t i o n
Bilateral breast reconstruction is often more aesthetically successful than unilateral re-
construction15 because it is not necessary to match a contralateral, natural breast to
achieve symmetry. Especially if the two breasts are reconstructed with the same tech-
nique, symmetry is usually relatively easily achieved (Fig 21-10). Revision of the op-
posite breast is therefore not necessary. Because of the aesthetic advantages of bilat-
eral reconstruction and because some patients with unilateral breast cancer are at high
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FIG. 21-9 (A) Patient with an immediate free TRAM flap breast reconstruction that is larger
than her natural breast. She requested contralateral breast augmentation. See color insert, p. I-24.
(B) After augmentation with a small saline-filled implant, the symmetry is improved, and the
patient was satisfied. See color insert, p. I-24.



risk of developing a second, contralateral primary tumor, some patients choose to un-
dergo elective (prophylactic) mastectomy and reconstruction on the side opposite to
cancer.16

Compared to the general population, all patients with unilateral breast cancer have
an increased risk of developing a second primary malignancy of the opposite breast. For
patients with ordinary ductal carcinoma, this risk is approximately 0.75% per year.17,18

For certain patients, especially those with familial breast cancer, the BRCA1 gene, or
lobular carcinoma in situ, the risk can be much higher.19 Other patients may not be at
high risk of developing a tumor, but may have breasts that are difficult to examine and
therefore may be unlikely to benefit from early discovery should a second tumor arise.
Still other patients have numerous breast lumps and frequently have to undergo breast
biopsy. For these and other reasons, some patients elect to undergo bilateral mastec-
tomy and reconstruction, instead of unilateral treatment.

Because bilateral free transverse rectus abdominus myocutaneous (TRAM) flap
breast reconstruction achieves such symmetric and aesthetically successful results, this
approach can be very satisfying (Figs 21-11 through 21-14). It particularly appeals to
younger patients, who have more years at risk than their older counterparts and who
tend to be more concerned about their appearance. Among the advantages of this ap-
proach include relative freedom from worry about a second malignancy, avoidance of
the possibility of having to go through an entire breast cancer treatment program a
second time, avoidance of the need for subsequent mammograms, and (usually) ex-
cellent appearance and symmetry. Patients who have chosen to undergo elective con-
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FIG. 21-10 Patient treated for bilateral breast cancer with bilateral mastectomies and imme-
diate reconstruction. The symmetry is better than that usually seen after unilateral mastectomy
and reconstruction. (From Kroll SS: Clin Plast Surg. 1998;25:251–259. Used with permission.)



tralateral mastectomy and bilateral reconstruction have been among our most satis-
fied patients.

This approach is aggressive, however, and not without risk. Even in the most ex-
perienced hands, the possibility exists of a flap failure on the elective side or of a weak-
ened abdominal wall because of bilateral TRAM flap harvest. In every case, nipple sen-
sation will be lost in both breasts. Although development of a second primary malignancy
after adequate mastectomy is unlikely, it is not impossible. Mammography may not be
necessary, but routine self-examination is still required. Patients need to understand and
accept all these risks and limitations preoperatively for elective contralateral mastectomy
and bilateral reconstruction to be successful.

Another requirement for the successful use of this approach is a highly experi-
enced reconstructive team. A flap loss rate of much more than 1% is not acceptable
when the mastectomy itself is elective. Only reconstructive surgeons who are extremely
confident of their ability to successfully reconstruct the breasts should offer this option.
Even then, the operation should never be “sold” to patients. It should be provided pri-
marily to those who are motivated to specifically request it. If the patient is at all re-
luctant, elective mastectomy should be avoided.
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FIG. 21-11 Result of elective contralateral mastectomy
and bilateral immediate reconstruction. The patient had
cancer of the right breast. See color insert, p. I-23.

FIG. 21-12 Result of elective contralateral mastectomy
and bilateral immediate reconstruction. The patient had
cancer of the left breast. See color insert, p. I-25.



S u m m a r y
Whenever possible, if the normal breast is aesthetically attractive, the surgeon attempts
to avoid disturbing it and tries to achieve symmetry by reconstructing a breast that im-
itates its opposite counterpart as closely as possible. If the opposite breast is too large,
too small, or too ptotic, however, surgically altering it may be desirable. Even when the
opposite breast is attractive, if it is larger or more ptotic than the reconstructed breast,
contralateral reduction or mastopexy may be the most practical way of achieving breast
symmetry.

In some patients who have a significantly elevated risk for developing a second,
contralateral primary cancer or who have breasts that are especially difficult to exam-
ine, elective contralateral mastectomy with bilateral immediate reconstruction may be
indicated. This approach is aggressive, entails risks, and should be undertaken only by
experienced teams. It is capable of achieving outstanding results, however, and for se-
lected patients is appropriate.
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FIG. 21-13 Result of elective contralateral mastectomy
and bilateral immediate reconstruction. The patient had
cancer of the right breast. See color insert, p. I-25.

FIG. 21-14 Result of elective bilateral mastectomy and
immediate reconstruction.
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Nipple and Areolar 
Reconstruction22

G o a l s  o f  N i p p l e  a n d  
A r e o l a r  R e c o n s t r u c t i o n
The purpose of nipple/areolar complex reconstruction is to make the reconstructed breast
look as much as possible like a real breast. If there is an opposite natural breast, the goal
is to fabricate a nipple/areolar complex that makes the reconstructed breast appear sym-
metrical with its counterpart. The surgeon tries to make a nipple that to casual inspec-
tion appears normal. With proper placement, this is not difficult to do and can signifi-
cantly improve the result of any breast reconstruction (Fig 22-1).

It is vital to the success of nipple/areolar complex reconstruction that it be kept
as painless, inexpensive, and convenient as possible. To this end, the surgeon should
use methods that can be performed under local anesthesia in the clinic or office. If the
reconstruction is painless, inexpensive, and convenient, patients are more likely to un-
dertake it and ultimately will be more satisfied with their results. This outcome bene-
fits both patients and the surgeon, and is worth pursuing vigorously.

Usually, it is a bad idea for plastic surgeons to talk their patients into having an
operation. In my opinion, however, nipple/areolar complex reconstruction may be an
exception to that rule. Many patients are satisfied with any breast mound that allows
them to wear normal clothing, and they are willing to forego reconstruction of a nip-
ple. Because nipple reconstruction is so simple and convenient, however, patients who
would otherwise be reluctant to undertake nipple reconstruction are occasionally talked
into it. I have found that these patients are often surprised at how much the nipple and
areola add to the illusion of normalcy. They are usually grateful for the surgeon’s en-
couragement and feel better about their body image. For this reason, I strongly en-
courage patients to undergo nipple reconstruction once their breast mound shaping has
been completed, making it clear to them at the same time that my goal is to make them
happy and that I will fully accept their decision if they choose not to have nipple re-
construction performed.



It is essential for the overall success of the breast reconstruction that the nipple
and areola be located correctly. For this reason, nipple reconstruction is best deferred
until breast mound shaping is complete. There are two reasons for this. First, deter-
mining the correct location for the nipple is much easier if the breast mounds have been
made symmetric. Second, if nipple reconstruction is performed before all breast mound
revisions have been completed, a subsequent change in breast shape might render the
nipple position inappropriate. Although the surgeon may be tempted to reconstruct the
nipple simultaneously with revision of the breast mound, because of the importance of
correct nipple location that temptation should usually be resisted.

P l a n n i n g  t h e  N i p p l e  L o c a t i o n
The most important part of nipple reconstruction is determining the correct site for the
nipple. Incorrect location has spoiled many otherwise excellent breast reconstructions
(Figs 22-2 and 22-3), while other patients with relatively unattractive breasts have what
they consider highly successful reconstructions because the symmetry, including that of
the nipple, is so good (Fig 22-4). Sometimes the correct nipple location will be in the
center of the flap skin that replaced the original nipple/areolar complex. At other times,
however, that location would be incorrect and the nipple must be located elsewhere
(Fig 22-5).
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FIG. 22-1 (A) Patient after transverse rectus abdominus myocutaneous (TRAM) flap recon-
struction of the right breast. (B) After revisions and nipple reconstruction, the symmetry is
markedly improved. (From Kroll SS: Nipple and areolar reconstruction. In: Kroll SS, ed. Re-
constructive Plastic Surgery for Cancer. St. Louis: Mosby, 1996:314–318. Used with permission.)
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It is much easier to find the right placement for the nipple if the breast mounds
are symmetric. In that case, the surgeon merely has to create a mirror image of the con-
tralateral breast. In many cases, measurements from the midline and clavicle can help,
but the final marking should be made by using artistic judgment, since the surgeon
seeks the illusion of a normal breast rather than mathematical perfection.

In the case of bilateral reconstruction, nipple location is less critical as long as it
is natural and symmetric. The nipple should be located slightly inferior and lateral to
the actual center of the breast. It is better for the nipples to be too low and too lateral
than too high and too medial, which would look unnatural.

Nipple location planning is more difficult when the breast mounds are asymmet-
ric. Obviously, the surgeon would prefer to make the breasts symmetric, but for eco-
nomic or technical reasons this may not be possible. In that situation, the surgeon must
use artistic judgment to choose the nipple location that would be the least unnatural.
This is accomplished by viewing the patient frontally and maintaining the same ratios
between the nipple/areolar complex and the inferior, medial, and lateral breast borders
as are present on the opposite, normal side (Fig 22-6). In this way, the surgeon may
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FIG. 22-2 Completed TRAM flap breast reconstruction
with the nipple slightly out of position. The symmetry
and aesthetic success of the reconstruction could have
been improved by a more symmetrical areolar recon-
struction.

FIG. 22-3 Another completed TRAM flap recon-
struction marred by incorrect nipple positioning. The
nipple should have been lower and more lateral.



create the illusion that the reconstructed breast is normal, only larger or smaller than
its opposite counterpart.

S t a n d a r d  N i p p l e  R e c o n s t r u c t i o n  M e t h o d s
Most modern nipple reconstruction methods are similar in that they consist of small
flaps of skin and subcutaneous fat that are elevated to project beyond the breast mound.
The donor sites may be closed primarily or covered with a skin graft. The areola is cre-
ated by tattooing1,2 (usually at a later time) or by hyperpigmentation of a skin graft ob-
tained from an area that is darker than the breast, such as the groin.

I find it useful to classify nipple reconstruction techniques into two groups: those
that rely on one flap (such as the skate flap3 or the star flap4), and those that rely on two
flaps (the modified double-opposing tab [MDOT] flap,5,6 the S-flap,7 and others8).

The single-flap techniques have the advantage of simplicity. In the most basic form,
a flap of skin and subcutaneous fat is elevated, and the donor site is closed to form a pro-
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FIG. 22-4 A free TRAM flap breast reconstruction with
symmetry of the breast mounds and nipples is very suc-
cessful even though the breasts themselves do not have
ideal shapes. See color insert, p. I-28.

FIG. 22-5 In this patient, locating the nipple in the flap
skin that replaced the original nipple/areolar complex
would have led to a poor result.



jecting nub, the raw parts of which can then be covered with a skin graft. Variations on
this theme include extensions of full- or partial-thickness skin that are used to cover the
raw areas of exposed fat. As these designs become more complex, however, they lose the
advantage of simplicity. More important, they become at risk for insufficient flap blood
supply and partial flap necrosis. The single-flap techniques also have the disadvantage of
asymmetry. The donor site is located on only one side of the nipple, creating an asym-
metric deformity when the nipple has been completed and the donor site closed.

The two-flap techniques have the advantage of increased blood supply; each flap
is relatively short and therefore less likely to develop partial necrosis in its tip. They are
also more symmetric than the single-flap techniques because the donor site is split into
two parts, one on each side of the reconstructed nipple.

M .  D .  A n d e r s o n  C a n c e r  C e n t e r  N i p p l e  P r o j e c t i o n  S t u d y
To determine which approach (a single-flap or a two-flap technique) was more effec-
tive in achieving lasting nipple projection, the two most popular methods of nipple re-
construction in use at The University of Texas M. D. Anderson Cancer Center, the star
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FIG. 22-6 When the breasts are not symmetric, the surgeon should try to maintain for each breast the same ratios of distances
between the nipple and the medial, lateral, and inferior breast borders.
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flap2,4 and the MDOT flap,5,6 were compared. The study included all patients who
had undergone nipple reconstruction with these techniques between March 1, 1993,
and December 31, 1995, and who had follow-ups of at least 6 months. The series con-
sisted of 106 patients who had had reconstruction with MDOT flaps and 47 patients
reconstructed with star flaps. The mean long-term projection of the MDOT flap group
was 2.43 mm, while that of the star flap group was 1.97 mm (p � 0.021).

The conclusions of this study were that the MDOT flaps achieved more projec-
tion than the star flaps but that neither method achieved as much long-term projection
as had been hoped for. Why the MDOT flaps achieved better projection than the star
flap remains conjectural. It seems reasonable, however, to suggest that at least part of
the reason is that the blood supply to each of the two short flaps raised in the MDOT
technique is more reliable than that to the longer, more complex, extended flap required
of the star flap (or any other single-flap) technique. Consequently, there is less loss of
subcutaneous fat (from fat necrosis), less internal scarring and contracture, and better
long-term projection from the double-flap (MDOT) technique.

M D O T  F l a p  T e c h n i q u e
The MDOT flap technique is very simple (Fig 22-7). If there is a scar crossing the site
of the nipple reconstruction, the long axis of the two flaps should be oriented parallel
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MDOT flap scar

FIG. 22-7 Design of the MDOT flap. If a linear scar is present, the long axis of the flaps should be parallel to
that scar. (From Kroll SS: Nipple and areolar reconstruction. In: Kroll SS, ed. Reconstructive Plastic Surgery for Can-
cer. St. Louis: Mosby, 1996:314–318. Used with permission.)
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to the scar to prevent the scar from interrupting the blood supply to the flaps. The
width of each flap is approximately 18 mm (although sometimes this width is increased
as described below). The skin is infiltrated with lidocaine 1% with epinephrine
(1:500,000). The flaps should be approximately 6 or 7 mm thick, with only enough
undermining to allow them to be moved into opposition (Fig 22-8).

The key sutures (buried dermal sutures of 4-0 Vicryl [polygalactin 910]) are
placed from a point halfway along the long edge of each flap to the corner at the base
of the short edge of the opposite flap (Fig 22-9). Once these two sutures are tied (Fig
22-10), they support each other’s projection like two hands held in prayer and defne
the nipple shape and position. The donor sites are then closed with buried sutures of
4-0 Vicryl.

The points created by the tip of each flap and its “tab” (which in the modified
technique is not really a tab but an integral part of the flap) interdigitate with each
other to create a rounded tip (Fig 22-11). The skin is closed with 5-0 chromic sutures.
If the base is too tight when the skin is closed, one or two sutures can be released and
the base on one side left partially open to heal secondarily. The results of the MDOT
flap reconstructions are not perfect but usually they achieve reasonably good projection
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FIG. 22-8 The flaps are elevated with a thickness of ap-
proximately 4 mm.

FIG. 22-9 The key sutures are placed between the base
of one flap (arrow) and a point halfway up the long side
of the opposite flap (arrow).
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FIG. 22-12 Result of nipple reconstruction with an MDOT
flap.

FIG. 22-10 When the key sutures are tied, the flaps are opposed and support each other’s pro-
jection. The donor sites are then closed.

FIG. 22-11 The points of each flap and its tab interdigitate
with those of the opposite flap to form a rounded tip.



(Figs 22-12 and 22-13). In a few unusual cases the projection has been excessive and
the nipple has needed subsequent shortening (Fig 22-14).

S t a g i n g  o f  t h e  M D O T  N i p p l e  R e c o n s t r u c t i o n
In the nipple projection study described above, the long-term projection achieved by
both nipple reconstruction methods was disappointing. Although unproven, it seems
reasonable to believe that the loss of projection commonly seen after nipple recon-
struction might be due to a loss of subcutaneous fat and other tissue caused by ischemia.
If this hypothesis (that blood supply influences long-term nipple projection) is true, in-
creasing the blood supply to the flaps further should improve nipple projection.

One way to improve blood supply to the nipple flaps is to make them wider. Over
the past 2 years, I have been doing just that: designing the flaps as described above but
making them 20 to 22 mm wide. This makes flap survival more certain and eliminates
any risk of a tight closure at the flap base leading to flap strangulation. It does, how-
ever, create an oval nipple that must subsequently be revised (Fig 22-15) to make it
more circular. This revision is performed approximately 4 weeks after the first stage of
the nipple reconstruction, requires only local anesthesia, and usually takes only a few
minutes (Fig 22-16).

It is too early to be certain that this approach has been effective, but the early re-
sults have been very encouraging. The nipples appear to have better projection that has
been well maintained, at least during the first 6 months. The only disadvantages are the
need for a second (although very minor) procedure and the fact that the wider flaps re-
quire more skin and therefore tighten the breast mound more than the 18-mm flaps.
This is not important in patients with large or moderate-sized breasts, but can be sig-
nificant when the breast mound is very small.
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FIG. 22-13 Another result of nipple reconstruction with an
MDOT flap.

FIG. 22-14 Excessive nipple projection after reconstruction
with an MDOT flap. This much nipple projection is unusual.



FIG. 22-15 (A) Bases of MDOT flaps are widened to improve the blood supply and thereby improve projection. (B) This cre-
ates an oval-shaped nipple that then needs revision.
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FIG. 22-16 (A) Oval-shaped nipple created by making the flaps of the MDOT flaps wider than 18 mm. (B) Plan for revision
of the nipple, excising diamond-shaped pieces of skin and closing the diamonds parallel to the circumference of the nipple. (C)
Result of such a nipple revision. (D) Side view showing that projection was well maintained.
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I n t e g r a t i n g  N i p p l e  R e c o n s t r u c t i o n  
w i t h  B r e a s t  R e v i s i o n

P r o b l e m s  w i t h  S t a n d a r d  N i p p l e  
R e c o n s t r u c t i o n  T e c h n i q u e s
Virtually all standard nipple reconstruction techniques borrow tissue from the breast
mound to create a projecting nipple. In the past, the only alternative to this was to graft
tissue from elsewhere, but although such methods do have advocates,9,10 I have found
that nipples created with such grafts usually look unnatural or have disappointing pro-
jection. In my opinion, grafts are not useful except for the patient who has an oppo-
site nipple that is excessively projecting.11 In that case, harvest of part of the abnormal
nipple will make it less conspicuous and easier to match, even if the grafted recon-
struction is itself unsuccessful.

All breast mounds reconstructed with transverse rectus abdominus myocuta-
neous (TRAM) flaps are relatively flat, and project less than a natural breast (Fig 22-
17). This is because the TRAM flap itself is innately flat, and not cone-shaped, like
a breast is. When tissue is taken from the breast mound to create a projecting nip-
ple, the projection of the mound is reduced even further. Fortunately, this additional
flattening is not problematic except in the very smallest of breasts. Nevertheless, it
remains true that it is impossible to create nipple or breast projection out of noth-
ing; so any projection that is achieved must always be taken from the existing breast
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FIG. 22-17 Side view of another nipple reconstructed with an MDOT flap. The nipple pro-
jection is adequate. As is typical of a reconstructed breast mound, the projection of the 
nipple/areolar complex is less than that found in most natural breasts.



mound. Even the “keyhole” technique of Chang12 and the similar “bell” flap of Eng,13

which create the illusion of a projecting areola, do so at the expense of flattening the
surrounding breast mound with a small circumferential (or “doughnut”) mastopexy
that is an integral part of the technique. The result, in my opinion, is no real net
change in breast projection.

C r e a t i n g  A d d i t i o n a l  P r o j e c t i o n
Breast projection can be created, in many cases, by reshaping the breast during sec-
ondary revision. This is only possible if the size of the reconstructed breast mound is
excessive, and must be reduced as part of that revision. Fortunately, however, excessive
breast mound size is common and in fact occurs most of the time. If the breast mound
size must be reduced, some of the excess tissue that otherwise would be discarded can
be used to increase breast projection and to reconstruct a projecting nipple.

This additional projection is achieved in two ways. First, tissue in the area near
the areola is not always resected, but may be retained to increase the relative amount
of tissue under the areola. Second, skin that would otherwise be discarded is retained
as a flap, which is then wrapped around itself to create a truly projecting nipple. In
part, the breast is reshaped as it might be in a conventional reduction mammaplasty.

T h e  W r a p - A r o u n d  F l a p  f o r  
N i p p l e  R e c o n s t r u c t i o n

I n f e r i o r  T r i a n g l e  R e s e c t i o n
The best opportunity to create a projecting nipple with the wrap-around flap occurs
when a triangle of tissue will be resected from the inferior pole. In this technique,
the breast mound revision is designed like a superiorly based breast reduction. A tri-
angular-shape segment of skin and underlying tissue is resected from the inferior
pole of the breast mound (Fig 22-18), and medial and lateral breast flaps mobilized
and sutured together. Preserving and burying some of the fatty tissue deep to the
apex of that triangle will augment the projection of the breast mound in that area.
In the inferior triangle resection, the augmentation will occur just below the nip-
ple/areolar complex, a desirable location that mimics the projection of a natural
breast.

The skin in the area of the apex of the triangle, instead of being discarded, is fash-
ioned into a rectangularly shaped superiorly based flap. This flap is normally approxi-
mately 1 cm in width, 7 to 10 mm thick, and 3 to 3.5 cm in length. The flap is wrapped
around on itself, with the tip sutured to the base (on either the medial or lateral side,
depending on the surgeon’s artistic judgment). The skin lying underneath the wrap-
around nipple flap is then de-epithelialized. The layered skin closure of the breast mound
reduction is then completed. The result is a nipple that projects beyond the limits of
the previous breast mound.
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FIG. 22-18 (A) Plan for reduction of reconstructed breast mound by excision of a J-shaped section of skin and fat, along with
creation of a rectangular superiorly based wrap-around flap for nipple reconstruction. (B) Subcutaneous fatty tissue is preserved
in the apex of the triangle, just deep to the wrap-around flap, in order to increase breast volume just below the nipple/areolar
complex. (C)The flap is wrapped around on itself to create a projecting nipple. (D) Breast mound skin underlying the nipple
wrap-around flap (arrows) is de-epithelialized (in a different patient) so that the flap can adhere and heal to it. (E) Result of nip-
ple reconstruction with the wrap-around flap. (F). Oblique view, showing that the projection of the breast mound and the nip-
ple/areolar complex has been increased.
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The measurable projection of the nipple created with the wrap-around flap may
not be any greater than that achieved with other techniques. It may in fact be less than
that which can be attained using the MDOT technique as measured from the surface
of the breast mound. The difference between the wrap-around flap and other available
techniques, however, is that any projection that is achieved is gained in addition to, and
not at the expense of, projection of the breast mound itself. The total projection of the
reconstructed nipple and areolar complex is therefore increased (Fig 22-19).

L a t e r a l  E l l i p s e  R e s e c t i o n
Resection of a triangle from the lower pole of the breast is ideal from the point of view
of breast shaping. It does create additional scars, however, and some patients find those
scars objectionable. If there is an existing scar in the lateral portion of the breast mound
(as there usually is, especially if an axillary nodal dissection was performed along with
the mastectomy), an elliptical excision of breast mound tissue can be designed that will
include that scar. In that case, the patient will trade the old scar for a new one and
therefore will have no increase in visible breast scarring.

One disadvantage of this approach is that it is difficult if not impossible to in-
crease breast projection except in the area just lateral to the nipple/areolar complex, an
undesirable location. Consequently, little if any augmentation of breast mound projec-
tion can be achieved. Another disadvantage of the lateral ellipse excision is that the in-
framammary fold cannot be elevated, at least not by that technique alone. A wrap-
around flap of skin and underlying fat, however, can still be created (Fig 22-20), so that
the goal of achieving nipple projection without reducing breast mound projection re-
mains attainable.
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FIG. 22-19 (A) Intraoperative view of another nipple reconstruction with a wrap-around flap, in this case har-
vested from the lateral part of the breast. The flap has not yet been turned back upon itself. (B) Oblique view,
showing that the breast mound has not been flattened at all by elevation of the nipple flap.

A B



The Wrap-Around Flap for Nipple Reconstruction 341

FIG. 22-20 (A) Patient after free TRAM flap breast mound re-
construction, with excess fullness laterally. (B) Plan for revision of
the breast incorporating nipple reconstruction with a wrap-around
flap and lateral ellipse resection. (C, D) Early result of wrap-around
flap nipple reconstruction, before revision or tattooing. (E) Side view,
showing the projection of the breast mound and the nipple that has
been achieved.
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S e c o n d a r y  R e v i s i o n  o f  t h e  N i p p l e
Because in the wrap-around flap technique the nipple position must be determined be-
fore the breast mound revision has been completed, minor positioning errors are com-
mon. These errors can be corrected by creating a flap similar to that used in the “inch-
worm” flap of Puckett.14 The base of the flap, which incorporates the nipple previously
reconstructed with the wrap-around flap, is located at the desired nipple location (Fig
22-21). When the flap is doubled upon itself, the bulk of the nipple is increased and
its position is moved toward the base of the flap. The donor site then is closed in a 
V-to-Y fashion.

Another approach to moving the nipple and at the same time increasing projec-
tion is to use a pattern like that of a small “star” flap (Fig 22-22).2 This will flatten the
breast mound very slightly but give better nipple definition and projection above the
surface of the breast mound. Because of the scars already existing around the wrap-
around nipple flap, the star flap should not be made very long, and the patient should
be aware that partial nipple flap necrosis and loss of projection are possible.

A r e o l a r  R e c o n s t r u c t i o n
Areolar reconstruction is best performed by tattooing the nipple and the surrounding
skin (Fig 22-23).1,15 Medical grade tattooing, or “micropigmentation,” equipment is
now widely available and has been shown to be effective and safe. Tattooing is easily
performed in the clinic or office under local anesthesia. If the color fades with time, the
tattooing can be repeated as often as necessary.
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FIG. 22-21 (A) Plan for revision of nipple that will shift its location toward the base of the “inchworm” flap. (B) The flap is
doubled upon itself to increase its projection and to shift its position, and the donor site is closed in a V-to-Y fashion.
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FIG. 22-22 (A) Patient after free TRAM flap right breast mound reconstruction and right nipple reconstruction with a wrap-
around flap. The flap needs to be moved slightly lower and given more definition. See color insert, p. I-26. (B) The design for a
modified “star” flap with the base placed inferiorly. See color insert, p. I-26. (C) After completion of the star flap revision, the
nipple has better definition. See color insert, p. I-27. (D) The result of the nipple revision. See color insert, p. I-27.



Prior to the availability of micropigmentation, areolas were commonly recon-
structed by placing a full-thickness skin graft from the groin around the nipple. The
graft would subsequently darken and create the illusion of an areola. This technique
was moderately effective but had several disadvantages. These included a painful donor
site, the possibility of incomplete graft take, and the probability that after several years
the hyperpigmentation of the areolar graft would fade. The nipple itself was left un-
colored, giving the nipple/areolar complex an unnatural look. Moreover, the procedure
was difficult to perform in the office and usually required a session in the operating
room.

Reconstruction of the areola and pigmentation of the nipple with tattooing rep-
resents a major advance and has become the method of choice in our clinic. Tattooing
is usually performed by our clinic nurses, who have become both expert with and en-
thusiastic about the technique. We generally delay the tattooing until 4 weeks after the
nipple reconstruction because we believe that the tattooing is easier and more effective
after the wounds have healed; the delay also prevents the tattooing from disrupting the
wounds in the nipple donor site. Alternatively, the tattooing can be performed before
the nipple flaps are elevated.2,16

S u m m a r y
The goal of nipple reconstruction is to make the reconstructed breast appear more nor-
mal and symmetric. Nipple and areolar reconstruction significantly improve the qual-
ity of the reconstructed breast and should be encouraged by the surgeon. To that end,
it should be kept as simple, convenient, and inexpensive as possible. The most impor-
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FIG. 22-23 Tattooing is used to pigment the nipple and to reconstruct an areola. (From Kroll
SS: Nipple and areolar reconstruction. In: Kroll SS, ed. Reconstructive Plastic Surgery for Cancer.
St. Louis: Mosby, 1996:314–318. Used with permission.)



tant step in nipple reconstruction is proper location. The location of the nipple should
be determined only after breast mound shaping has been completed and is more likely
to be correct if the mounds have been made symmetric.

There are many nipple reconstruction methods currently available. Of the stan-
dard techniques, we have found that the modified double-opposing tab flap gives the
best long-term projection, possibly because the MDOT flaps have a better blood sup-
ply (for an equivalent amount of flap tissue) than nipple reconstruction techniques that
rely on only a single flap. Nevertheless, many currently available techniques can be suc-
cessful. If the breast mound needs reduction, however, both breast shape and projec-
tion of the nipple/areolar complex can often be improved by using the wrap-around
flap technique. Areolar reconstruction and pigmentation of the nipple are best accom-
plished with tattooing, usually performed approximately 4 weeks after the nipple re-
construction has been completed.

R e f e r e n c e s
1. Spear SL, Convit R, Little JW. Intradermal tattoo as an adjunct to nipple-

areolar reconstruction. Plast. Reconstr. Surg. 1989;83:907–911.
2. Eskenazi L. A one-stage nipple reconstruction with the “modified star” flap and

immediate tattoo: a review of 100 cases. Plast Reconstr Surg. 1993;92:671–680.
3. Little JW. Nipple-areolar reconstruction. Advances in Plast Reconstr Surg.

1987;3:43–78.
4. Anton MA, Hartrampf CR Jr. Nipple reconstruction with the star flap. Plast Sur-

gical Forum. 1990;13:100–103. Abstract.
5. Kroll SS. Nipple and areolar reconstruction. In: Kroll SS, ed. Reconstructive Plas-

tic Surgery for Cancer. Philadelphia: Mosby; 1996:314–318.
6. Kroll SS, Reece GP, Miller MJ, et al. Comparison of nipple projection with the

modified double-opposing tab and star flaps. Plast Reconstr Surg. 1997;99:1602–
1605.

7. Cronin ED, Humphreys DH, Ruiz Razura A. Nipple reconstruction: the S flap.
Plast Reconstr Surg. 1988;81:783–787.

8. Hugo NE, Sultan MR, Hardy SP. Nipple-areola reconstruction with intradermal
tattoo and double-opposing pennant flaps. Ann Plast Surg. 1993;30:510–513.

9. Amarante JT, Santa-Comba A, Reis J, Malheiro E. Halux pulp composite graft
in nipple reconstruction. Aesthetic Plast Surg. 1994;18:299–300.

10. Tanabe HY, Tai Y, Kiyokawa K, Yamauchi T. Nipple-areola reconstruction with
a dermal-fat flap and rolled auricular cartilage. Plast Reconstr Surg. 1997;100:
431–438.

11. Bhatty MA, Berry RB. Nipple-areola reconstruction by tattooing and nipple shar-
ing. Br J Plast Surg. 1997;50:331–334.

12. Chang BW. Reconstruction following mastectomy: timing, indications, and re-
sults. In: Cameron J, ed. Current Surgical Therapy. 5th ed. St. Louis: Mosby;
1995:570–579.

13. Eng JS. Bell flap nipple reconstruction—a new wrinkle. Ann Plast Surg.
1996;36:485–488.

References 345



14. Puckett CL, Concannon MJ, Croll GH, Welsh CF. Nipple reconstruction using
the “inchworm” flap. Aesthetic Plast Surg. 1992;16:117–122.

15. Spear SL, Arias J. Long-term experience with nipple-areola tattooing. Ann Plast
Surg. 1995;35:232–236.

16. Wong RK, Banducci DR, Feldman S, Kahler SH, Maders EK. Pre-reconstruction
tattooing eliminates the need for skin grafting in nipple areolar reconstruction.
Plast Reconstr Surg. 1993;92:547–549.

346 C H A P T E R 22 NIPPLE AND AREOLAR RECONSTRUCTION



Follow-Up of TRAM 
Flap Breast 
Reconstruction Patients

23

I
prefer to follow all of my breast reconstruction patients as long as possible. This is
done both for my benefit and for that of my patients. I benefit by getting pho-
tographs of my long-term results and by learning how my reconstructions fare over
time, as scars fade and sensation returns. My patients benefit because small prob-

lems that arise can sometimes be corrected early, before they become big problems.
They also benefit because they can occasionally profit from new techniques for revision
of their breasts that were not available at the time their reconstructions were initially
performed.

Obviously, it is difficult for patients who live in other states or countries to come
to my clinic for a follow-up visit. Nevertheless, I encourage them to return at least every
few years, if possible, at their convenience. Often they have family or other medical care
providers with whom they can coordinate visits to our clinic. Return visits should be
kept as convenient and inexpensive for patients as possible, with a minimum of time
spent in the waiting room. If the patient lives in or near Houston, I usually see her at
3 months, 6 months, and 12 months after the surgery. I then ask patients to return at
yearly intervals for 2 or 3 years, then every 2 years indefinitely. If the patient comes
from a long distance and this return visit schedule would be a hardship, however, I will
accept any arrangement that is practical and that the patient will agree to. In some cases,
I will have to be satisfied with receiving photographs by mail, taken by other plastic
surgeons or photographers who work near the patient’s home.

A b d o m i n a l  W a l l  I n t e g r i t y
Most abdominal wall bulges and hernias1–3 will appear within the first 6 months after
the transverse rectus abdominus myocutaneous (TRAM) flap surgery. For that reason,
I allow my TRAM flap patients to begin attempting situps and other abdominal exer-
cises after that time, if they wish. They should begin slowly, with abdominal crunches
(partial situps), progressing to full situps and increasing the number of repetitions as



tolerated. They should not have pain during the exercise; if the activity is painful it
should be stopped and an alternative exercise that does not cause pain used instead.

Patients should not expect to feel completely normal until at least 2 years after
the surgery. This does not mean that they will be in pain or disabled for all of that
time, or even for a significant part of it. During exercise, however, they are likely to
feel a tightness in their abdomen that will remind them that they have undergone a sur-
gical procedure. This is normal, and patients should not be concerned about it. The
amount of tightness will depend in large part on how much fascia has been removed
during the TRAM flap harvest. The less fascia the surgeon removes, the less postoper-
ative pain and tightness the patient will experience. For most patients, however, some
tightness in the donor site is normal.

If there is a progressive sensation of weakness, however, even if the physical exam-
ination is normal a dehiscence of the internal oblique layer at the fascial donor site clo-
sure4 should be suspected (Fig 23-1). If this has occurred, the patient will benefit from
having this tissue separation repaired, because otherwise it can easily progress to become
a “bulge” or “TRAM flap hernia” (Fig 23-2). It is best to repair this problem early, be-
fore the dehiscence has had a chance to grow wider. These problems usually arise within
the first 12 months after performance of the TRAM flap, and should be looked for dur-
ing that time. Late deterioration of abdominal wall integrity is uncommon.2,3
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FIG. 23-1 (A, B) Patient who had minimal physical evidence of a bulge or hernia, but who
complained of increasing localized discomfort and weakness at the site of the abdominal fascial
repair. Surgical exploration of that site revealed a separation of the internal oblique fascia, which
was then repaired.
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FIG. 23-2 (A, B) Patient with an abdominal “bulge,” sometimes called a “TRAM flap hernia.”
This is caused by a dehiscence of the internal oblique fascia. The overlying external oblique fas-
cia remains intact, but stretches so that the abdomen has a localized and symptomatic bulge de-
spite the absence of a true hernia. (C, D) Same patient, after repair of the bulge.



While a bulge or hernia can be caused by a faulty repair at the time of the TRAM
flap transfer,5 in many more cases (provided that the surgeon was knowledgeable and
experienced) it will be due to weak fascia that has been torn through by the sutures. In
that case, repair of the defect as described in chapter 11 may be insufficient unless the
abdominal wall is also reinforced with prosthetic mesh. The mesh should always be used
as an overlay to reinforce the repair of the fascia, however, never to replace it. That way,
if infection occurs and the mesh must be removed, the integrity of the abdominal wall
will be maintained.

After repair of an abdominal wall hernia or partial hernia, the patient should avoid
lifting anything heavier than 10 lb for 3 months, and should not attempt situps for 6
months, just as after the original TRAM flap procedure. This is done to avoid stress on
the fascial repair until it is strong enough to tolerate it without difficulty.

P r e g n a n c y
Several of our patients who have had TRAM flaps have become pregnant, and have had
successful full-term pregnancies and even vaginal deliveries (Fig 23-3). We are not aware
of any problems caused by the TRAM flap except for increased striae formation caused
by stretching of skin that has already been subjected to maximum tension. Reports from
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FIG. 23-3 (A) A 33-year-old woman after right breast biopsy, prior to mastectomy. See color insert, p. I-29. (B) Same patient
1 year after immediate reconstruction of the right breast with a free TRAM flap. See color insert, p. I-29. (C) Same woman 2
years later, following a successful term pregnancy. She did develop marked periumbilical striae, but otherwise there were no ad-
verse effects. See color insert, p. I-30.
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other institutions confirm this experience.6 A TRAM flap is therefore clearly not a con-
traindication to pregnancy.

Despite this, I do not encourage my patients to become pregnant. Almost all breast
reconstruction patients are also breast cancer patients, and some breast cancers will grow
more rapidly and be more likely to recur if stimulated by estrogens. Although the
prospect of having a new baby is appealing to many breast cancer patients, especially
to younger ones, the possibility of having the baby and then developing recurrent ma-
lignancy as a consequence of the pregnancy has to raise strong concerns. If this occurs,
the baby will be left without a healthy (or perhaps even a living) mother to raise and
nurture it. It would seem to me that such an eventuality could cause not only a child-
raising crisis but a strong sense of guilt not only in both parents but possibly, in later
years, in the child as well.

A b d o m i n a l  P a i n
Patients who have had TRAM flaps are not immune to other medical problems, in-
cluding intra-abdominal ones. Because of the rearrangement of abdominal tissues, pain
from internal organs may not be felt in the usual places. In particular, the pain from
acute or chronic cholecystitis may be referred to the right lower quadrant rather than
to the right upper quadrant, its usual location. The surgeon should keep this in mind,
and be sensitive to complaints of abdominal pain in patients who have had TRAM
flaps. This is especially significant because women in the age group who are most likely
to have had a TRAM flap are also highly susceptible to cholecystitis. It is also impor-
tant because other physicians who are caring for the patient may be unaware of 
the change in symptom location that a TRAM flap procedure (or an abdominoplasty)
can cause.

A b d o m i n a l  S u r g e r y
A previous TRAM flap is not a contraindication to abdominal surgery. If a hysterec-
tomy is required, the abdominal donor site incision can be reopened and the ab-
dominoplasty flap reelevated. A vertical incision can then be made through the fascia
of the abdominal wall, either through the previous scar or in the midline. In this way,
new visible abdominal scars are not required. If the vertical incision through the fascia
is made at the site of the old TRAM flap harvest, care should be taken to include 
all the layers of the rectus sheath (especially the internal oblique layer) in the subse-
quent repair.

If Prolene or Marlex (polypropylene) mesh has been used to reinforce the ab-
dominal wall, it will be intimately adherent to the fascia. The mesh can safely be ig-
nored and an incision made through it as if it were fascia alone. When the intraab-
dominal procedure is finished, the layer containing mesh and fascia is closed just like
any fascial repair would be. The wound should be drained, just as in the original TRAM
flap surgery.
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W e i g h t  G a i n  o r  L o s s

W e i g h t  G a i n
The reconstructed breast mound looks and feels like a breast, but it is actually subcuta-
neous abdominal fat and will behave as such if the patient gains or loses weight. In some
women, the breasts will enlarge as much as their abdominal girth when they gain weight,
and symmetry between a reconstructed and a natural breast will be maintained. In a few
patients, the abdominal fat will enlarge less than the natural breast, and any added weight
will show up in the buttocks and hips so that the natural breast will become larger than
the reconstructed one. In most women, however, the abdominal fat will increase in size
out of proportion to the breasts. In that case, the reconstructed breast will enlarge more
than the natural one if the patient gains any significant amount of weight. Because weight
gain is common in women of middle age, the surgeon will often be confronted by the
problem of a unilateral TRAM flap reconstruction patient who was once symmetrical, but
who has gained weight and no longer has breasts that match (Fig 23-4).

The best treatment for this problem of increasing obesity, by far, is weight loss.
Obesity has many harmful effects aside from its effect on breast symmetry in recon-
struction patients. Diet and exercise will reverse the asymmetry without requiring ad-
ditional surgery, and will make the patient feel better as well.

If the patient cannot or will not lose weight, the reconstructed breast can be reduced.
This reduction can be accomplished with liposuction, with standard breast reduction tech-
niques, or with a combination of the two. The surgeon should insist, however, that the pa-
tient at least stabilize her weight before the surgery is undertaken. Otherwise, the frustrated
surgeon will achieve symmetry in the operating room only to see it disappear as the pa-
tient gains additional pounds in the weeks and months following the surgery.

W e i g h t  L o s s
If the patient loses weight, the size of the reconstructed breast mound will diminish (Fig
23-5). Sometimes this will be a good thing, and the symmetry will be improved. In some
cases, both the reconstructed breast and the opposite, natural one will diminish in size at
the same rate. In most cases, however, the reconstructed breast will become too small. The
surgeon must always consider the possibility of disseminated systemic cancer, and be sure
that the patient is being followed appropriately by an oncologist. If the weight loss is in-
tentional, however, and not a manifestation of illness, the asymmetry can be addressed by
augmentation of the reconstructed breast with a saline implant, or by reduction of the op-
posite side, if appropriate. As in the case of weight gain, the patient’s weight should be sta-
bilized before any surgical procedure is considered.

S c a r s
Scar formation varies tremendously from patient to patient. In some patients, the breast
scars fade rapidly (Figs 23-6 through 23-8), while in others they remain prominent for
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FIG. 23-4 (A) Moderately obese patient
prior to left mastectomy. (B) Same patient
after TRAM flap breast reconstruction
and right breast reduction, with recon-
structed mound too large. (C) After revi-
sion, showing reasonably symmetrical
breasts. (D) Three months later, the pa-
tient has gained weight and the breasts are
no longer symmetrical. (E) After another
revision, the symmetry was restored. See
color insert, p. I-28.
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many years if not indefinitely (Fig 23-9). In most cases, all of the scars will improve with
time. Abdominal TRAM flap donor site scars are usually more prominent than those in
the breast, and also tend to widen because they have been closed under tension. This
scar widening can be improved by secondary revision after the abdominal skin has
stretched and the tension has disappeared. Most patients, however, are not bothered very
much by the abdominal scars and only rarely do they request this revision.



FIG. 23-5 (A) Patient after unsuccessful attempt at reconstruction with tissue ex-
pansion. (B) Three months after TRAM flap breast reconstruction, the reconstructed
mound is larger than the opposite, natural one. (C) After revision and nipple re-
construction, the breast volumes are relatively equal. (D) Fourteen months later, af-
ter weight loss, the reconstructed breast is much smaller than the natural one. (E)
After 2 more years, the patient has regained weight and the reconstructed breast is
again larger than the opposite, natural one. (F) One year later, the patient devel-
oped a second primary carcinoma in the opposite breast. She was reconstructed with
a superior gluteal free flap. (G) After 2 more years, the patient has again lost weight
and the TRAM flap volume has almost completely disappeared. The volume of the
gluteal flap, however, has been reasonably well maintained.
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N i p p l e  P r o j e c t i o n  a n d  P i g m e n t a t i o n
Nipple projection typically decreases by at least 50% in the months following nipple
reconstruction.7 If it becomes inadequate, revision of the nipple can be performed. New
local flaps can be raised to fashion another nipple “from scratch.” If the breast is of ad-
equate size, the nipple flaps should be made wider than in the first nipple reconstruc-
tion (as described in the previous chapter) to increase the blood flow to the flaps 
and reduce the probability that partial flap loss and loss of nipple projection will occur
again. The patient should be warned, however, that her loss of nipple projection may
well recur.

Reconstruction of the areola with tattooing8–12 (micropigmentation) is convenient
and effective, but tattoos often do fade with time (Fig 23-10). If the fading becomes
objectionable, the tattooing can be repeated as often as necessary to restore the color of
the nipple and areola. Obviously, this is less of a problem when the reconstruction has
been bilateral and the fading is symmetrical.
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FIG. 23-6 Patient 1 year after immediate free TRAM
flap reconstruction of the right breast. The scars are
faded and very inconspicuous. See color insert, p. I-30.

FIG. 23-7 Patient 2 years after bilateral immediate breast
reconstruction with free TRAM flaps. The scars in the
breast are very inconspicuous. In: Spear SL, ed. Surgery of
the Breast: Principles and Art. Philadelphia: Lippincott-
Raven; 1998: pp. 547–553. Used with permission.
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FIG. 23-8 Patient 5 years after bilateral immediate
breast reconstruction with free TRAM flaps. The scars
in the breast are barely visible. See color insert, p. I-31.

FIG. 23-9 Patient one year after delayed free TRAM
flap breast reconstruction. The scars are moderately hy-
pertrophic and the color match of the skin paddle to the
surrounding breast skin is only fair. These scars will
probably always be noticeable.

A B C

FIG. 23-10 (A) Patient after reconstruction of the left breast, with tattooing to simulate natural pigmentation of the nipple and
areola. See color insert, p. I-31. (B) After 1 year, the tattooing has faded somewhat but the result is acceptable. See color insert,
p. I-32. (C) Five years after the tattooing, the pigmentation has almost completely faded away. Note that the patient has gained
weight but in this case the breasts have remained symmetrical. See color insert, p. I-32.



C a n c e r  S u r v e i l l a n c e
Almost all breast reconstruction patients will have had breast cancer and must be fol-
lowed carefully to detect recurrent disease as early as possible. This is true even if the
tumor was noninvasive (in situ). The surveillance is best managed by the patient’s on-
cologist rather than a plastic surgeon. Regular mammograms should be obtained of the
opposite breast since all breast cancer patients are at increased risk of developing a sec-
ond primary tumor of the opposite breast. Whenever the opposite breast undergoes
surgery for symmetry, a mammogram should be performed preoperatively so that if a
suspicious lesion exists it can be biopsied as part of the procedure without making a
separate incision. A second, baseline mammogram should also be obtained 3 to 6 months
postoperatively so that any scarring caused by the procedure is identified and will not
be confused with the development of malignancy at a later time.

Screening mammography of the reconstructed breast is of minimal value. This is
not because local recurrences do not occur (in T1 and T2 patients our local recurrence
rate at 6 years is 7%), but because when they do occur they are usually found just be-
neath the skin, where they can easily be detected by palpation. For this reason, it is im-
portant that breast reconstruction patients continue to practice regular self-examination.
If the recurrence occurs deep to the breast mound, on the chest wall, it will probably not
be detected by palpation until the tumor is quite advanced. Mammography will not de-
tect it either, however, so that routine mammographic screening is usually not helpful.

I have seen one case of recurrent ductal carcinoma in situ that occurred in the
subcutaneous tissue under preserved native breast skin that was not palpable but was
detected by mammography. I consider this recurrence very unusual, but cannot state
categorically that mammography of reconstructed breasts has no value. Mammography
is intended as a screening tool for evaluating the interior parenchyma of a natural breast,
however. As a screening tool for evaluating breasts reconstructed with abdominal fat, it
probably is not cost-effective.

M a n a g e m e n t  o f  L o c a l  R e c u r r e n c e
When tumor does recur locally in the reconstructed breast, it must be widely excised.
Provided that systemic disease is not present and the tumor is not aggressive, the prog-
nosis may not necessarily be grave (Fig 23-11). The prognosis is obviously better if the
tumor is slow-growing and if it has been many years since the mastectomy (implying a
relatively low-grade tumor). Even when the interval between the mastectomy and re-
currence has been short, however, long-term survival of the patient is not impossible or
even unusual (Fig 23-12). In many cases, the recurrence simply represents persistent
disease that was not adequately excised during the mastectomy; if it is subsequently re-
moved in its entirety the patient may well be rendered free of disease.

After wide local excision of the recurrence, there will be a defect in the recon-
structed breast. This defect can often be managed with local flaps (Figs 23-13 and 
23-14) or by breast reshaping (Figs 23-15 and 23-16) using techniques similar to those
described in chapter 19. Whether or not a successful restoration of breast shape will be
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FIG. 23-11 Patient with bilateral breast reconstruction by tissue expansion who developed a
local recurrence near her right breast incision 2 years after the mastectomy. After wide local ex-
cision of the recurrence, the patient remains free of disease 6 years later.

FIG. 23-12 (A) Patient after immediate breast reconstruction by insertion of tissue expansion. Two local recurrences occurred
within a few weeks of the mastectomy. (B) The local recurrences were widely excised, and the reconstruction completed. (C) One
year later, and after irradiation, the breast form is reasonably good. (D) Four years later, there is significant capsular contracture
but the patient has no evidence of cancer.
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FIG. 23-13 (A) Patient after right breast reconstruction with a free TRAM flap. (B) A tumor
recurrence was found and removed from the lateral part of the breast. (C) A local flap was used
to shift tissue from the sub-axillary region into the breast. (D) The result was a breast recon-
struction with a reasonably normal shape and symmetry. The patient remains clinically free of
disease.
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FIG. 23-14 (A) Patient who had an excellent bilateral free TRAM flap breast reconstruction at another institution, then devel-
oped a local recurrence in the right breast. (B) After wide local excision of the tumor. (C, D, E) The breast defect was repaired
with 2 local flaps. (F) Six months later, the result was a reasonably good restoration of breast shape and symmetry. (G) After ra-
diation therapy, and 1 year later, the right breast has developed radiation-induced fibrosis so that some symmetry was lost.



FIG. 23-15 (A) Patient 2 years after free TRAM flap recon-
struction of the left breast. (B) Local recurrence was found by
biopsy in the upper inner quadrant of the reconstructed breast.
(C) Wide local excision was performed, leaving this defect. (D)
A subcutaneously based island flap was designed in the lateral
part of the breast. (E) The reconstructed nipple and areola
were elevated as a superiorly based flap, and the island flap was
mobilized. (F) The flap was advanced medially into the defect.
The NAC was replaced over a de-epithelialized portion of the
island flap. (G) The early result was a reconstructed breast with
restoration of a relatively normal shape.
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achieved, however, will be determined by the relative sizes of the defect and the breast
as well as by the skill and imagination of the plastic surgeon. If the defect is sufficiently
large, it may be necessary to reconstruct an entirely new breast mound using a tech-
nique different from the original one.

S u m m a r y
The long-term follow-up of TRAM flap breast reconstruction patients is beneficial to
both patients and their surgeon. Problems of abdominal wall competance should be di-
agnosed and treated early and aggressively. Pain from cholecystitis can be felt in the
right lower quadrant rather than in the usual location. Patients can undergo abdomi-
nal surgery without difficulty despite previous TRAM flap surgery, even if their ab-
dominal wall has been repaired with mesh. Successful term pregnancy is also possible.
Scars fade and symptoms of abdominal tightness usually improve with time. Patients
should be encouraged to keep their weight stable, at a level where breast symmetry is
acceptable. Unilateral breast cancer patients require close surveillance of the opposite
breast as well as of the operated one. If local recurrence occurs, it should be excised lo-
cally with wide margins. This wide local excision will cause deformity, but in many
cases the plastic surgeon can correct this, at least in part, using local tissues and/or breast
mound reshaping.
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FIG. 23-16 (A, B) Three weeks later, the patient is marked for her
impending radiation therapy. The effect of this therapy on her sym-
metry remains to be seen.
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after previous breast augmentation, breast

mound shaping in, 267f –269f,
267–270

revisions of, 53, 56f, 271
Rubens fat pad free flap for, 57, 77
simultaneous delayed and immediate,

breast mound shaping in, 266–267
surgeon’s fatigue during, combatting,

271
surgical technique for, selection of,

56–57, 73, 77–78, 79f, 80
symmetry of breasts after, 53, 54f, 55f,

259, 260f, 262, 264f, 267, 271
synchronous (simultaneous), 53, 55f
time requirements for, 54–55, 77–78
TRAM flap for, 77, 80

conventional (pedicled), 56, 57, 77
results, 17–19

fascial donor site repair in, 59–61,
60f –62f

free, 3f, 53, 55f, 56–57, 73, 77, 80
extended, in thin patients, 57–58,
58f, 59f
radiation damage and, 48f, 49f, 50f
results, 19, 53, 55f

Bisacodyl (Dulcolax), postoperative use of,
145

Breast augmentation
bilateral breast reconstruction after,

267f –269f, 267–270
capsular contracture with, 9–10
for opposite breast, 319–321, 321f

Breast cancer. See Cancer.
Breast conservation therapy, defect caused

by, correction of, 273–292

Breast mound shaping
in bilateral TRAM flap reconstruction,

259–272
in immediate reconstruction,

261–264, 262f –264f
for obese patient, 270f, 271
after previous breast augmentation,

267f –269f , 267–270
results of, 259, 260f, 262, 264f
revisions of, 271
with simultaneous delayed and imme-

diate procedures, 266–267
surgeon’s fatigue and, 271
transfer of free TRAM flaps to con-

tralateral side, 259–261, 260f, 261f
unique features of, 259

in conventional (pedicled) TRAM flap
reconstruction, 99, 212

in delayed reconstruction, 237–256
breast pocket for

design and creation of, 241–243,
242f, 243f
dissection of, 245, 246f

creating breast projection in lower pole
for, 252–253, 253f

de-epithelialization of buried skin in,
256

expansion of lower breast panel for,
249–251

flap transfer for, 245–247, 246f
flap trimming for

medially, 251, 251f, 252f
superolaterally, 254

inframammary fold assessment and re-
vision in, 255

insetting flap medially and superiorly
for, 252, 252f

lateral breast border for, formation of,
247, 247f

lower breast panel construction from
TRAM flap in, 253–254, 254f, 255f

mastectomy flap re-elevation in,
243–245, 244f

mastectomy flap viability in, assess-
ment of, 248, 248f, 249f

radiation damage and, 237,
238f –239f, 248, 248f

recreation of defect in, 243–245
results of, 237, 239f, 240f, 241f
scar tissue release for, 249
step-by-step approach to, 241, 242t
vertical releasing incision in lower

breast panel for, 250f, 251
wound closure in, 256

366 Index



in DIEP flap reconstruction, 139, 213
in free TRAM flap reconstruction, uni-

lateral, 211–236
in immediate reconstruction, 211–236

de-epithelialization of buried skin in,
231–232, 232f

dermal incision in, 232, 233f
flap trimming in

laterally and superiorly, 226f –229f,
226–228
medially, 222f, 222–223, 223f

inframammary fold assessment and re-
pair for, 218–219, 219f

lateral border of breast for, establish-
ing, 221f, 221–222

mastectomy flap evaluation for,
216f –218f, 216–218

maximizing projection of lower pole
in, 224, 225f, 226f

securing flap to chest wall for,
219–221, 220f

skin closure in, 234, 234f
step-by-step approach to, 213, 213t
suturing of medial flap border to me-

dial defect in, 223f –225f, 223–224
symmetry of, evaluation of, 228–229,

230f –231f
upright positioning of patient in, for

breast evaluation, 228–229,
230f –231f

wound drainage in, 235
in inferior gluteal free flap reconstruc-

tion, 197
revision surgery. See Revisions.
in Rubens fat pad free flap reconstruc-

tion, 206–207
skin-sparing mastectomy and, 213–216,

214f, 215f
in superior gluteal free flap reconstruc-

tion, 185, 185f
in unilateral reconstruction, 211–236

effect of flap type and recipient site
on, 212–213

goal of, 211
results of, 211, 212f
revision of, 211, 212f
step-by-step approach to, 213, 213t

C
Cancer

local recurrence after breast reconstruc-
tion, management of, 357–362,
358f –362f

prognosis, and breast reconstruction, 3
surveillance, after breast reconstruction,

357
Candidates for breast reconstruction, 2–3,

78–80, 86–87, 102–103, 141, 187,
191–192. See also Indications for
breast reconstruction. 

Capillary refill time, in mastectomy flap
evaluation, 217, 218f, 248

Capsular contracture
with breast augmentation, 9–10
with implant-based reconstruction, 8–11,

9f, 10f, 70
incidence of, 10
pain with, 9
prevention of, 10
symptoms of, 8–10

with standard latissimus dorsi flap, 161,
162f

Chest wall, radiation damage in, 48
Circumflex scapular vessels, in TRAM flap

reconstruction, 45–46
Complications

of conventional (pedicled) TRAM flap
reconstruction, 94, 94f

of inferior gluteal free flap reconstruc-
tion, 199

of Rubens fat pad free flap reconstruc-
tion, 208–209

smoking and, 94, 94f, 102, 149f, 150, 153f
of superior gluteal artery perforator flap,

187
of superior gluteal free flap reconstruc-

tion, 187
of TRAM flap reconstruction, 150–157

Constipation, postoperative, prevention of,
144–145

Contraindications to breast reconstruction,
2–3, 70, 74, 76, 102–103,
139–140, 164, 181, 192, 203

Conventional (pedicled) TRAM flap recon-
struction, 83–100

abdominoplasty flap elevation for,
88–89, 89f

advantages of, 83
bilateral, 84f
blood supply to, 19, 83–84, 84, 86
breast mound shaping in, 99, 212,

237–256
candidates for, 86–87
complications of, 94, 94f
delayed, 84, 86
design of, 87–88, 88f
disadvantages of, 83–85
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Conventional (pedicled) TRAM flap recon-
struction (Continued )

donor site defect, closure of, 95–97,
96f –98f

donor site morbidity with, 17, 18f
flap insetting for, 99
flap loss with, 102
flap transfer for, 94–95, 95f
flap trimming for, 97–98
and free TRAM flap reconstruction,

comparison of, 71–72, 84–85, 102
and inframammary fold distortion,

20–21, 21f
muscle splitting for, 91f, 91–93, 92f
for obese patients, 86–87, 87f
results of, 17, 19f, 83, 84, 84f
smoking and, 94, 94f
supercharged, 83–84, 86

technique for, 98–99
surgical technique for, 88–99, 237–256
TRAM flap elevation for, 89–91, 90f
tunnel, creation of, 93f, 93–94

Costs
of bilateral breast reconstruction, 54, 65–66
of breast reconstruction, 14–15

CTRAM. See Conventional (pedicled)
TRAM flap reconstruction. 

D
Deep inferior epigastric perforator flap re-

construction, 133–142
advantages of, 72, 133
bilateral, 62–63, 63f, 73, 80
blood supply to, 72, 73f
breast mound shaping in, 139, 213
candidates for, 80, 141
contraindications to, 139–140
disadvantages of, 72–73, 133–134, 134f,

135f
donor site closure for, 139
and free TRAM flap, comparison of,

140–141
indications for, 72–73, 76, 80, 139
influence on free TRAM flap, 140
potbelly habitus and, 76, 80
recipient vessels for, 139
results of, 133, 134f
for small-breasted patient, 77, 80
surgical technique for, 134–139, 135f –138f

Delayed breast reconstruction, 41–51
advantages of, 41
bilateral

breast mound shaping in, 264–266,
265f, 266f

with immediate reconstruction of one
breast, breast mound shaping in,
266–267

breast mound shaping in, 237–256
and immediate reconstruction, compari-

son of, 237, 238f –241f
in obese patient, 165f
radiation damage and, 47–50, 48f, 49f,

50f, 237, 238f –239f, 248, 248f
results of, 41, 42f
role of, 41
scar tissue and, 47
special problems of, 41–42
TRAM flap for, 42, 43f

free versus pedicled, 42–43
recipient vessels for, 42, 43–47, 44f,

45f, 46f
DIEP flap reconstruction. See Deep inferior

epigastric perforator flap reconstruc-
tion.

Docusate (Colace, Surfak), postoperative
use of, 144–145

Doppler ultrasound
buried 20 MHz probe, for postoperative

monitoring of free flap, 130, 146,
147f

laser, for postoperative monitoring of free
flap, 129, 145, 146f

pencil probe, for postoperative monitor-
ing of free flap, 129–130, 145, 146f

Drain placement and management
with extended latissimus dorsi flap recon-

struction, 164, 175–176
with TRAM flap reconstruction, 150, 235

Draping, shoulder exposure in, 119, 229,
230f

E
ELD flap. See Extended latissimus dorsi

flap reconstruction. 
Extended latissimus dorsi flap reconstruc-

tion, 161–177
advantages of, 161–163, 162f, 163f
augmentation with small implant, 177
bilateral, 56–57, 77, 161–163
breast shaping with, 163, 174–175, 175f
design of, 169–171
disadvantages of, 163–164
donor site

closure of, 173–174
scarring of, 163
wound separation in, 176, 176f

drain placement and management with,
164, 176
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elevation and transfer of flap for, 172f,
171–173, 172f

fleur-de-lis or star pattern for, 162f,
169–170, 171, 174f, 175

horizontal elliptical pattern for, with su-
perficial undermining, 167f, 170

indications for, 78, 80, 164–168
low horizontal elliptical pattern for, 170,

170f
in obese patients, 74, 74f, 80, 164, 165f,

166f
in older patients, 164–165, 167f
patient selection for, 164–165
postoperative care for, 175–176
for small breast, 77, 77f, 80, 167–168,

168f, 169f
surgical technique for, 171–175
TRAM flap and, comparison of, 161

F
Fatigue, surgeon’s, and breast mound shap-

ing in bilateral reconstruction, 271
Fever, postoperative, after TRAM flap re-

construction, 148
Flap(s)

composite, for repair of medium partial
mastectomy defects in medium or
smaller breasts, 283–286,
285f –288f

free. See Free flap(s). 
lateral thigh, 78
latissimus dorsi. See Extended latissimus

dorsi flap reconstruction; Latissimus
dorsi flap. 

local, for repair of medium partial mas-
tectomy defects in medium or
smaller breasts, 281–286

modified double-opposing tab (MDOT),
for nipple reconstruction, 330–332

problems with, 337f, 337–338
staging of, 335, 336f
surgical technique for, 332f –335f,

332–335
perforator. See also Deep inferior epigas-

tric perforator flap reconstruction. 
superior gluteal artery, 78, 179, 187,

187f
rhomboid (Limberg), for repair of

medium partial mastectomy defects
in medium or smaller breasts, 281

rotation, for repair of medium partial
mastectomy defects in medium or
smaller breasts, 281, 282f, 283f

S-, for nipple reconstruction, 330
skate, for nipple reconstruction, 330
star, for nipple reconstruction, 330–332
thoracoabdominal, for repair of medium

partial mastectomy defects in
medium or smaller breasts, 281, 282f

TRAM. See TRAM flap. 
V-to-Y, for internal shifting of tissue, in

revision of breast mound, 302f,
303, 304f –305f

wrap-around, for nipple reconstruction,
338–342, 339f –343f

Fluid overload, after TRAM flap recon-
struction, 149

Fluid replacement, after TRAM flap recon-
struction, 144

Fluorescein test, 217–218
Foley catheter, postoperative use, after

TRAM flap reconstruction, 144
Free flap(s). See also Free TRAM flap re-

construction; Inferior gluteal free
flap reconstruction; Rubens fat pad
free flap reconstruction; Superior
gluteal free flap reconstruction. 

advantages of, 17–21
anticoagulant use after, 147
assistants for, 25–26
for bilateral breast reconstruction, ratio-

nale for, 57
donor site

alternatives for, 20
reduced morbidity of, 17–19, 18f, 19f

failure rates, 22
and inframammary fold distortion,

20–21, 22f
postoperative monitoring of, 26,

129–130, 130f, 145–147
practicality of, improving, 21–26
rationale, 17–27
scheduling of operating room for, 22–24
for small breast reconstruction, 21, 23f
surgical technique for, 25
time required for, 22–24

Free TRAM flap reconstruction, 101–132.
See also Deep inferior epigastric per-
forator flap reconstruction. 

abdominoplasty flap, elevation of, 104,
106f

advantages of, 17–21, 18f, 101, 102f
arterial anastomoses for, performance of,

122–125, 124f –125f
bilateral, 73
blood supply to, 19–20, 101
breast mound shaping in, 211–236,

237–256

Index 369



Free TRAM flap reconstruction (Continued )
candidates for, 102–103
committing to free tissue transfer in,

109, 110f
contraindications to, 102–103
and conventional TRAM flap reconstruc-

tion, comparison of, 71–72, 102
design of, 103f –105f, 103–104
disadvantages of, 101–102
donor site

defect, closure of, 125–128, 126f –128f
morbidity with, 17, 18f

equipment for, 24–25, 25f
failing, and early exploration of pedicle, 147
flap loss with, 102
flap monitoring after, 26, 129–130,

145–147
preparation for, 129–130, 130f

flap trimming in, 129
influence of DIEP flap on, 140
and inframammary fold distortion,

20–21, 22f
instruments for, 24, 24f
miniabdominoplasty and, 103–104, 105f
muscle splitting for, 108f, 108–109
navel in, reconstruction of, 127–128, 128f
practicality of, improving, 21–26
radiation damage and, 48f, 49f, 50f
recipient vessels for

arm positioning and, 118–119, 119f,
120f

and breast mound shaping, 212–213
preparation of, 110–115
selection of, 110–115

results of, 5f, 101
revision of, 20, 101–102
scheduling of operating room for, 22–24
surgical technique for, 25, 104–129,

237–256
time required for, 22–24
TRAM flap, elevation of, 106–108, 107f
and use of alternative donor sites, 20
venous anastomoses for, performance of,

120–122, 121f –124f

G
Gastric dilatation, after TRAM flap recon-

struction, 143, 148–149
Gluteal free flap reconstruction. See also In-

ferior gluteal free flap reconstruc-
tion; Superior gluteal free flap re-
construction.

bilateral, 57, 77
indications for, 78, 80

Goals
of areolar reconstruction, 327–328
of breast mound revisions, 293
of breast reconstruction, 1–2
of nipple reconstruction, 5f, 5–6,

327–328, 328f

H
Heparin, postoperative use, after TRAM

flap reconstruction, 147, 149
Hernia, after TRAM flap reconstruction,

152, 153f, 347–350, 348f, 349f
Hydrocodone with acetaminophen

(Lortabs, Vicodin), for postoperative
analgesia, 144

Hydromorphone (Dilaudid), for postopera-
tive analgesia, 144

I
Ibuprofen, for postoperative analgesia, 144
Immediate breast reconstruction

bilateral
breast mound shaping in, 261–264,

262f –264f
with delayed reconstruction of one

breast, breast mound shaping in,
266–267

breast mound shaping in, 211–236
and delayed reconstruction, comparison

of, 237, 238f –241f
with DIEP flap, 135f

Implant-based reconstruction
advantages of, 7–8
bilateral, 57, 69, 70f, 80
candidates for, 78–80
capsular contracture with, 8–11, 9f, 10f,

70
cost of, 14–15, 15f
disadvantages of, 8–11
insurance reimbursement for, 7
with latissimus dorsi (or other) flap, 8, 9f
mastectomy flap edge necrosis with, 11,

12f
pain with, 9, 11
results of, 7, 8f
revisions or changes to, 8
saline-filled implants for, 70, 70f

Incision. See also Vertical releasing incision. 
dermal, in breast mound shaping for im-

mediate reconstruction, 232, 233f
Indications for breast reconstruction. See

also Candidates for breast recon-
struction.
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with DIEP flap reconstruction, 72–73,
76, 80, 139

with extended latissimus dorsi flap recon-
struction, 78, 80, 164–168

with gluteal free flap reconstruction, 78, 80
with inferior gluteal free flap reconstruc-

tion, 191, 192
with Rubens fat pad free flap reconstruc-

tion, 78, 80, 201–203
with supercharged TRAM flap recon-

struction, 72
with superior gluteal free flap reconstruc-

tion, 180–181
Infection

abdominal, postoperative fever caused by,
148

after TRAM flap reconstruction, 157,
157f

urinary tract, postoperative fever caused
by, 148

Inferior gluteal free flap reconstruction, 20,
191–200

advantages of, 191
breast mound shaping in, 197
candidates for, 191, 192
complications of, 199
contraindications to, 192
design of, 192–193, 193f
disadvantages of, 191
donor site, closure of, 198
flap elevation for, 194f –196f, 194–196
flap pedicle length in, 191, 192f
flap transfer in, 196–197, 197f
indications for, 191, 192
patient positioning for, 193, 194f
postoperative care for, 199
recipient vessels for, 196–197, 197f
results of, 198f, 199
revision of, 199
surgical technique for, 193–198
vein graft harvest for, 196

Inframammary fold
assessment and revision for breast mound

shaping
in delayed reconstruction, 255
in immediate reconstruction,

218–219, 219f
camouflage of scar in, in breast mound

shaping, 241f, 244–245, 253
distortion

conventional (pedicled) flap and,
20–21, 21f

free flap and, 20–21, 22f
lowering, in revision surgery, 310
positioning, 4f

in bilateral reconstruction, 259, 260f,
264, 265f, 268f, 269f, 269–271

in delayed reconstruction, 259, 260f
raising, in revision surgery, 306–310,

307f –309f
Internal mammary vessels

anatomy of, 197f
Doppler ultrasound examination of, pre-

operative, 46
as recipient vessels

and breast mound shaping, 213, 261,
266

for DIEP flap reconstruction, 139
for TRAM flap reconstruction, 44,

44f, 46–47, 115–118, 116f –118f
arm positioning and, 119, 120f

Internal oblique layer, dehiscence after
TRAM flap reconstruction, 155,
156f

K
Keloids, after TRAM flap reconstruction,

155–157, 156f
Ketorolac (Toradol), for postoperative anal-

gesia, 144

L
Lateral thigh flap, 78
Latissimus dorsi flap

bilateral, 63–64, 64f
extended. See Extended latissimus dorsi

flap reconstruction. 
implant-based reconstruction with, 8, 9f
for repair of partial mastectomy defect,

275, 276f, 286–287
standard

capsular contracture with, 161, 162f
disadvantages of, 161, 162f
historical perspective on, 161

Liposuction, in revision of breast mound,
294–296, 295f

Loupe, for free flap, 24–25

M
Mastectomy

elective bilateral, and bilateral reconstruc-
tion, 321–323, 324f

elective contralateral
and bilateral reconstruction, 64, 65f,

321–323, 322f –324f
costs of, 66
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Mastectomy (Continued )
partial. See Partial mastectomy. 
skin-sparing

and breast mound shaping, 213–216,
214f, 215f

mastectomy flap necrosis after, 150
Mastectomy flap

evaluation of
in delayed breast reconstruction, 248,

248f, 249f
in immediate breast reconstruction,

216f –218f, 216–218
necrosis

with autologous tissue reconstruction,
11, 12f

with implant-based reconstruction, 11,
12f

with TRAM flap reconstruction, 150,
151f

re-elevation, for breast mound shaping in
delayed reconstruction, 243–245, 244f

viability, assessment of
bleeding at edges of flap and, 217
capillary refill time and, 217, 218f, 248
for delayed breast reconstruction, 248,

248f, 249f
fluorescein test and, 217–218
for immediate breast reconstruction,

217–218, 218f
Mastopexy, 240f

circumferential, 316, 317, 318f
concentric, 239f
contralateral, 241f
crescent, 316f, 316–317
lateral, 278f, 279
for opposite breast, 313–317, 314f –316f,

318f
vertical pattern for, 316, 316f
Wise pattern for, 314f, 315f, 316

Meperidine (Demerol), for postoperative
analgesia, 144

Mesh, prosthetic
for abdominal wall weakness/defect after

surgery, 154–155
for fascial donor site repair in bilateral

TRAM flap reconstruction, 61, 62f
infection around, 157
reinforcement of rectus abdominis sheath

fascia, 151–152
Micropigmentation, in areolar reconstruc-

tion, 342–344, 344f, 355, 356f
Modified double-opposing tab (MDOT)

flap, for nipple reconstruction,
330–332

problems with, 337f, 337–338

staging of, 335, 336f
surgical technique for, 332f –335f,

332–335
Morphine, for postoperative analgesia, 144
Mycobacteria, atypical, infection, after

TRAM flap reconstruction, 157, 157f

N
Nasogastric tube, for prevention of gastric

dilatation, after TRAM flap recon-
struction, 143

Nipple
position

level of, 264, 265f
in mastopexy, 314, 315f
in reconstruction, 328–330,

329f –331f
projection, 331–332

additional, creation of, 338
after TRAM flap reconstruction, 355

reconstruction. See also Areolar recon-
struction.

goals of, 5f, 5–6, 327–328, 328f
integration with breast revision, 337–338
methods for, 330–331
planning nipple location for, 328–330,

329f –331f
in repair of partial mastectomy defects,

278f, 279, 279f
results of, 5f, 5–6
single-flap technique, 330–332
standard techniques, problems with,

337f, 337–338
timing of, 328
two-flap technique, 330–332
wrap-around flap for, 338–342,

339f –343f
secondary revision of, 342, 342f, 343f

O
Obese patients

breast reconstruction in
bilateral TRAM flap for, 270f, 271
extended latissimus dorsi flap for, 74,

74f, 80, 86, 164, 165f, 166f
technique for, selection of, 74–76, 80,

86–87
TRAM flap for, 74, 75f, 86–87, 87f,

270f, 271
weight/height index for, 86–87

Older patients
extended latissimus dorsi flap for,

164–165, 167f
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TRAM flap for, 164–165
Operating microscope, for free flap, 24–25,

25f
Opposite breast, alteration of

augmentation for, 319–321, 321f
mastopexy for, 313–317, 314f –316f, 318f
preoperative assessment for, 313
in reconstruction, 313–315
reduction mammaplasty for, 317–319,

319f, 320f
Oxycodone with acetaminophen (Percocet),

for postoperative analgesia, 144

P
Pain

abdominal, after TRAM flap reconstruc-
tion, 351

with capsular contracture, 9
with implant-based reconstruction, 9, 11
postoperative management, after TRAM

flap reconstruction, 144
Partial mastectomy, defects caused by

classification of, 275–276
correction of, 273–292

contraindications to, 275
indications for, 273–275, 274f
use of distant tissues for, 275, 276f

large, repair of, 286–287
medium, in larger breasts

breast reshaping for, 276–281
lateral, including skin, repair of, 278f,

279f –280f, 279–281
in lower pole, repair of, 276–279,

277f –278f
medium, in medium or smaller breasts

in lateral breast or lower pole, repair
of, 281, 282f, 283f

local flaps for, 281–286
in upper outer quadrant, repair of,

281, 284f
in upper pole, repair of, 283–286,

285f –288f
Patient-controlled analgesia, postoperative

management, after TRAM flap re-
construction, 144

Patient expectations, with breast reconstruc-
tion, 2, 3–5

Patient positioning
in immediate reconstruction, 228–229,

230f –231f
for inferior gluteal free flap reconstruc-

tion, 193, 194f
for Rubens fat pad free flap reconstruc-

tion, 203, 204f

for superior gluteal free flap reconstruc-
tion, 181–183, 182f

Pedicled TRAM flap reconstruction. See
Conventional (pedicled) TRAM flap
reconstruction; TRAM flap recon-
struction, double-pedicled. 

Perforator flap. See also Deep inferior epi-
gastric perforator flap reconstruction. 

superior gluteal artery, 78, 179, 187, 187f
Photographs, of results, patient’s preopera-

tive viewing of, 4–5
Pigmentation, in areolar reconstruction,

342–344, 344f, 355, 356f
Potbelly habitus, and reconstruction tech-

nique, 72, 76, 76f, 80
Pregnancy, after TRAM flap reconstruction,

350f, 350–351
Prognosis, cancer, and breast reconstruction, 3
Prostheses, external, disadvantages of, 1
Pulmonary embolism, after TRAM flap re-

construction, 149

R
Radiation damage

in chest wall, 48
and delayed breast reconstruction,

47–50, 48f, 49f, 50f, 237,
238f –239f, 248, 248f

and free TRAM flap reconstruction, 48f,
49f, 50f, 248, 248f

late effects of, flap repair for, 287–290,
289f, 290f

Reduction mammaplasty
for opposite breast, 317–319, 319f, 320f
in repair of partial mastectomy defects,

279f, 279–281, 280f
in revision of breast mound, 297–298,

298f –301f
Respiratory function, after TRAM flap re-

construction, management of,
148–149

Results, of breast reconstruction, 1–2, 2f.
See also specific technique.

patient’s preoperative viewing of, 4–5
Revisions

of breast mound, 4, 293–311
alteration of opposite breast in, 294
in bilateral TRAM flap reconstruction,

271
by direct excision of excess tissue, 296,

296f, 297f
goals of, 293
by increasing reconstructed breast

mound size, 303, 306f
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Revisions (Continued )
by internal shifting of tissue with V-

to-Y flaps, 302f, 303, 304f –305f
by lowering inframammary fold, 310
by moving breast more medially,

304–306, 307f
nipple reconstruction with, 337–338
by raising inframammary fold,

306–310, 307f –309f
reduction mammaplasty techniques in,

297–298, 298f –301f
suction lipectomy in, 294–296, 295f
techniques for, in reconstructed breast,

294–303
in unilateral reconstruction, 211, 212f

of nipple, 342, 342f, 343f
Rotation flap, for repair of medium partial

mastectomy defects in medium or
smaller breasts, 281, 282f, 283f

Rubens fat pad free flap reconstruction, 20,
201–209

advantages and disadvantages of, 201
breast mound shaping in, 206–207
complications of, 208–209
contraindications to, 203
design of, 202f, 203
donor site, closure of, 207
flap elevation in, 203–206, 204f –206f
flap transfer in, 206
free, bilateral, 57, 77
indications for, 78, 80, 201–203
patient positioning for, 203, 204f
pedicle length for, 201, 202f
results of, 207f, 208, 208f
surgical technique for, 203–207

S
Sarcoma, irradiation-induced, 288, 289f, 290f
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fascial donor site repair in, 59–61,

60f –62f
free, 3f, 53, 55f, 56–57, 80

radiation damage and, 48f, 49f, 50f
results, 19, 53, 55f

results, 19, 53, 55f, 70, 71f
revisions with, 271

complications of, 150–157
constipation after, prevention of,

144–145
contraindications to, 70, 74, 76, 164
cost of, 14, 15f
delayed, 42, 43f

breast mound shaping in, 237–256
free versus pedicled, 42–43
recipient vessels for, 42, 43–47, 44f,

45f, 46f, 110
surgical technique for, 44–45,

237–256
donor site morbidity with, 17, 18f, 19f
double-pedicled, 84, 85, 85f

donor site morbidity with, 17, 19f, 20,
71

drain management after, 150, 235
early postoperative problems with, man-

agement of, 148–149
extended latissimus dorsi flap and, com-

parison of, 161
fluid replacement after, 144
follow-up of, 347–363

visits for, timing of, 347
gastric dilatation after, 143, 148–149
hernia after, 152, 153f, 347–350, 348f,

349f
immediate, recipient vessels for, 110
infection after, 157, 157f
internal oblique layer dehiscence after,

155, 156f
keloids after, 155–157, 156f
mastectomy flap necrosis after, 150, 151f
nipple projection after, 355
for obese patient, 74, 75f

bilateral, 270f, 271
for older patients, 164–165
pain management after, 144
partial flap necrosis after

fever with, 148
management of, 149, 149f

pedicled. See Conventional (pedicled)
TRAM flap reconstruction. 
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