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introduction
Increasing numbers of women are diagnosed with breast can-
cer each year, with estimates of the lifetime risk in western 
society being 1 in 8 (1). As screening regimes have the poten-
tial to pick up cancers earlier, there has been an inevitable 
increase in the number of patients undergoing surgery for 
early-stage breast cancers.

Surgical management of invasive and in situ disease can 
range from wide local excision to total mastectomy. With the 
emergence of oncoplastic techniques, more patients now have 
the choice of cancer excision while preserving the breast shape 
and thus avoiding mastectomy. However, many patients with 
early breast cancer undergo mastectomy either because of an 
unfavorable location of the tumor (proximity to the nipple) 
and its aggressiveness or because the patient prefers this option 
to breast conservation (perhaps because of a perceived mini-
mization of risk of future disease in the same breast).

Similarly, patients at high risk of breast cancer (e.g., those 
with a genetic predisposition such as BRCA tumor suppressor 
gene mutation carriers, those with affected fi rst-degree relatives, 
and those who have had previous contralateral breast cancer) 
may choose to have mastectomy as a risk-reducing procedure. 
These issues relating to future risk have resulted in a rise in the 
number of patients undergoing mastectomy. Although not all 
mastectomy patients wish to have a breast reconstruction, a sig-
nifi cant number will request this as an option (2) and a variety 
of techniques are available in the reconstructive surgeon’s arma-
mentarium to achieve that aim. For those patients considering 
risk-reducing mastectomy, the decision to have a mastectomy is 
perhaps infl uenced by the availability of reliable and realistic 
techniques for immediate reconstruction at the same time as 
mastectomy. Breast reconstruction can free a woman from hav-
ing to wear an external breast prosthesis, and can go some way 
to re-establishing self-confi dence in her own body image.

The goal of the reconstructive surgeon following breast can-
cer extirpative surgery can vary from simple wound coverage 
to the complexities of creating a breast mound that has an 
esthetically pleasing surface, shape, and volume. In the case of 
unilateral surgery, the ultimate aim is to achieve symmetry 
with the contralateral breast. The female breast has unique 
physical and psychological functions, which collectively con-
tribute to femininity. Reconstructive techniques available today 
cannot reconstitute the physiological function of the mam-
mary gland. However, the restoration of body image that is lost 
after mastectomy is surgically achievable and goes a long way 
in helping restore a woman’s self-esteem after having to face 
the consequences of losing a breast and what it symbolizes.

Although in the planning and execution of breast reconstruc-
tion, the reconstructive surgeon must work closely with the 
breast oncological surgeon, the patient’s wishes and expectations 
are paramount. At the same time, it is important that women 
understand the limitations of current techniques and the appro-
priateness of particular procedures in their individual case.

Reconstructive techniques used in breast surgery following 
mastectomy can be broadly divided into those that use allo-
plastic materials (i.e., breast implants) and those that use 
autologous techniques (i.e., the patient’s own tissues). There 
are also techniques that combine these two basic approaches.

Breast implants or prostheses are either saline-fi lled or 
 silicone-fi lled medical devices that are available in a variety 
of shapes and sizes to suit an individual patient but are all 
designed to augment breast size. The prosthesis requires ade-
quate soft tissue coverage and therefore a pocket for the 
implant to be placed in must be developed. Often the pocket 
is expanded to size using a temporary expander or infl atable 
implant, which is then subsequently exchanged for a fi xed-
volume implant. In addition to temporary expanders and 
simple/fi xed-volume implants, a further type of prosthesis is 
also available, which combines the features of a fi xed-volume 
implant and those of an expander. This is called an “expand-
able implant” or a “permanent expander” (3) and is a popu-
lar choice in contemporary breast reconstruction.

Autologous techniques include the use of pedicled and free 
fl aps. A fl ap is defi ned as a block of tissue that is “moved” or 
transferred from one part of the body (donor site) to another 
(recipient site). A pedicled fl ap survives by keeping its blood 
supply intact during fl ap movement. In free fl aps (also known 
as free tissue transfers), the fl ap’s vascular pedicle, containing its 
blood supply, is surgically divided at the donor site and then 
re anastomosed to blood vessels at the recipient site using micro-
surgical techniques. The main advantage of autologous fl aps is 
that they more closely resemble native breast tissue in their feel 
and consistency. They also reduce or eliminate the need for 
prostheses, which being foreign materials carry their own risks. 
A pertinent consideration in breast reconstruction is that they 
withstand the effects of radiotherapy better than implant-based 
or implant-only techniques. Commonly used pedicled fl aps in 
breast reconstruction include the latissimus dorsi (LD) myocu-
taneous fl ap and the pedicled transverse rectus abdominis myo-
cutaneous (TRAM) fl ap. As will be discussed below, often the 
LD fl ap alone has insuffi cient volume to create the breast 
mound, and an implant or expander is often necessary to pro-
vide supplementary volume. Although still used by some sur-
geons, the pedicled TRAM has largely fallen out of favor and 
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over a period of months (12). These fell out of favor with the 
emergence and better understanding of other locoregional 
pedicled fl aps and free tissue transfer techniques that offered 
singe-stage reconstruction.

By the 1970s, the LD fl ap combined with a silicone prosthe-
sis had become a popular option in breast reconstruction. 
Nonetheless, this was not a completely autologous reconstruc-
tion and suffered from risks of using a foreign body such as 
implant infection, extrusion, and the development of peri-
implant capsular contracture.

The recognition that a breast mound with overlying skin 
could be created with autologous tissue alone was a signifi cant 
step forward and became a reality in 1982 when Carl Hartrampf 
(of Atlanta, Georgia, US) used abdominal tissue to reconstruct a 
breast mound at the mastectomy defect (13). This pedicled 
TRAM fl ap subsequently gained popularity and utilized a trans-
verse ellipse of skin and adipose tissue along with the underly-
ing rectus abdominis muscle, which once raised is passed 
through a subcutaneous tunnel to the anterior chest wall region.

Of interest, prior to this pedicled TRAM fl ap described by 
Hartrampf, Holmstrom had described the “free abdomino-
plasty fl ap” in 1979, which transferred abdominal tissue as a 
free tissue transfer with reestablishment of blood supply by 
microsurgical reanastomosis at the recipient mastectomy site 
(14). As microsurgery was only just emerging at the time and 
few surgeons possessed the necessary skills, the potential of this 
free fl ap was temporarily overlooked in favor of Hartrampf ’s 
pedicled TRAM fl ap.

Although a totally autologous reconstruction, the pedicled 
TRAM was initially plagued with complications not only at 
the recipient site with wound healing problems, partial fl ap 
failures, and fat necrosis but also, more importantly, at the 
donor site where signifi cant rates of abdominal wall bulges 
and herniae occurred (15,16).

Microsurgical expertise improved with time and it was 
appreciated that although the rectus abdominis muscle had a 
dual blood supply, it was the deep inferior epigastric (DIE) 
vessels that were dominant in supplying the overlying abdomi-
nal skin and adipose tissue (17,18).

Consequently, the free TRAM fl ap based on the DIE vessels 
became increasingly popular for breast reconstruction. 
Although requiring microsurgical expertise, it resulted in 
lower rates of fat necrosis in the reconstructed breast but 
donor site problems remained similar to those for patients 
undergoing pedicled TRAM fl ap reconstructions.

The anatomy of perforating vessels from the main trunk of 
the DIE vessel was further delineated, and it became evident 
that the adipocutaneous portion of the fl ap could be raised on 
the same vessels while preserving much of the rectus abdomi-
nis muscle and rectus sheath. This description of the deep infe-
rior epigastric perforator (DIEP) fl ap was arguably the most 
signifi cant advance in refi ning abdominal fl ap breast recon-
struction and culminated in the realization that the skin and 
fat of the abdomen could be harvested as a fl ap based solely on 
the perforating vessels from the DIE system. This permitted 
total muscle and fascia preservation, thus combining the 
advantages of using autologous tissue from the abdomen based 
on the dominant DIE system while minimizing morbidity 
relating to disruption of the anterior abdominal wall (19). This 
DIEP fl ap was fi rst described in 1989 by Koshima (20), but its 

been superseded by free tissue transfer techniques, most com-
monly using cognate abdominal tissue (i.e., the free TRAM 
fl ap) and its modifi cations. Other free fl aps that have been used 
successfully for breast reconstruction include buttock fl aps 
using the superior and inferior gluteal arteries and fl aps using 
tissue harvested from the thigh. Each potential donor site has its 
merits and the choice of which to use must be made on an indi-
vidual patient basis taking account of tissue availability and the 
requirements for reconstruction, in terms of size and volume.

history of breast reconstruction
The Austrian-German surgeon Vincenz Czerny is credited 
with describing the fi rst breast reconstruction (4). In 1893, he 
used a lipoma excised from the fl ank to restore the breast in a 
patient who had undergone resection of a fi broadenoma in 
the setting of chronic interstitial mastitis. The fat autograft was 
deemed successful, and Czerny noted persistence of the trans-
planted lipoma with a satisfactory cosmetic appearance of the 
breast 1 year after surgery. Since that time, however, other sur-
geons have found retention rates for fat grafts to be poor, espe-
cially when a large volume of tissue is transferred. Therefore, 
autologous fat grafting is not a viable option at the present 
time for total breast reconstruction.

In 1896, an Italian surgeon, called Iginio Tansini, reported 
using a fl ap of tissue from the back, which was pedicled at the 
axilla, to reconstruct a radical mastectomy defect (5). The pub-
lication described a skin fl ap that had a narrow superior base in 
the axilla. As might be expected, such a tissue fl ap was suscep-
tible to vascular embarrassment in its most distal part, which 
led Tansini to more thoroughly investigate the vascular supply 
of these tissues. He realized the importance of including the 
LD muscle to make a musculocutaneous unit and published the 
results of this principle in 1906 (6). Although he appreciated 
how muscle provided soft tissue bulk to complement the skin 
paddle, which provided basic cover at the mastectomy site, the 
technique served mainly to resurface the (radical) mastectomy 
defect and was effectively a chest wall reconstruction, rather 
than a breast reconstruction per se. It was not until the 1970s 
that the concept of using an LD myocutaneous fl ap to recreate a 
breast mound (being complemented by a prosthesis to provide 
additional volume) was realized (7–9).

The silicone breast prosthesis was introduced in the early 
1960s by Cronin and Gerow (10) and began to be used for 
postmastectomy reconstruction shortly thereafter. However, 
outcomes were often suboptimal owing in part to the radical-
ism of the extirpative surgery, which was prevalent at the time 
for breast cancer patients. Wide excision of skin, soft tissues, 
and pectoral muscle, as in Halsted’s radical mastectomy, pre-
vented adequate soft tissue coverage of the prostheses and con-
sequently these reconstructions suffered from an esthetic 
point of view. The next landmark step in the evolution of 
breast reconstructive techniques came in 1982 with Chemodir 
Radovan’s description of using tissue expansion prior to place-
ment of the defi nitive prosthesis (11). This resulted in a larger, 
expanded pocket in which to place the prosthesis and also 
attempted to reconstruct the defi ciency in the breast skin enve-
lope following mastectomy.

Throughout the early 20th century, a number of plastic sur-
gical techniques were used, which included fl aps that were 
waltzed in multiple stages from a distant donor site to the defect 
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specifi c use in breast reconstruction was fi rst described simul-
taneously by Allen and Blondeel in 1994 (21,22), spawning the 
concept of perforator-based fl ap reconstructions. In a similar 
way, myocutaneous buttock fl aps, based on the superior and 
inferior gluteal vascular systems, have been modifi ed to pre-
serve the gluteal muscles and harvest exclusively the adipocuta-
neous components of these fl aps (23). Although there is a steep 
learning curve with these perforator fl aps, and more prolonged 
initial operating times, there are clear advantages in terms of 
reduced donor site morbidity.

The DIEP fl ap, however, is technically challenging for sur-
geons with a defi nite learning period. Consequently, some sur-
geons prefer the “muscle-sparing TRAM (MS TRAM)” as an 
attempt to avoid the tedious dissection of perforators. This 
method includes harvesting part of the muscle around the 
DIEP perforators, which facilitates and shortens time for dis-
section, while still minimizing donor site morbidity (24,25).

timing of breast reconstruction
Breast reconstruction performed at the same time as the mas-
tectomy is known as “immediate” breast reconstruction (IBR), 
and is offered routinely in many centers around the world. 
Indeed, the British National Mastectomy and Breast Recon-
struction Audit (2) recommends that immediate reconstruc-
tion should be offered to the majority of patients undergoing 
mastectomy. IBR has numerous advantages (26); breast cancer 
resection and reconstruction are carried out under a single 
general anesthetic; the patient does not have to live without a 
breast for any time, minimizing problems with loss of femi-
ninity, body image, and self-esteem; skin-sparing mastectomy 
with preservation of the breast skin envelope and inframam-
mary fold can be performed with a more esthetically pleasing 
reconstruction (27–29). Despite initial concerns, IBR does not 
compromise the adequacy of mastectomy and is oncologically 
safe (except in some cases of infl ammatory breast cancer or 
where there is extensive skin involvement) (30). Although 
uncommon, it can potentially be associated with delay in 
receiving adjuvant treatments if there is prolonged healing or 
other problems (31). An added advantage of immediate autol-
ogous fl ap reconstruction is that they can better tolerate adju-
vant therapies, namely external beam radiotherapy.

Delayed breast reconstruction is performed months or years 
after mastectomy. It has a number of potential advantages 
(Table 51.1), not least being the fact that cancer treatments 
have been completed. It also staggers surgery and entails two 
relatively smaller and separate procedures.

Meticulous planning is important for the successful execu-
tion of both immediate and delayed breast reconstruction, but 
factors to be taken into consideration are somewhat different 
for these two scenarios.

Successful immediate reconstruction also requires close 
consultation with the oncological surgeon. For example, in the 
case of an implant-based reconstruction, it is important to 
ensure that the mastectomy skin fl aps are left adequately per-
fused at the end of the mastectomy prior to reconstruction. 
They should therefore not be too thin so as to provide viable, 
healthy tissue with minimal risk of poor wound healing. 
Necrosis of thinner mastectomy fl aps may lead to wound 
breakdown and implant exposure. By contrast, mastectomy 
fl aps that are too thick may contain residual breast tissue, thus 
rendering the mastectomy oncologically “incomplete.” Fur-
thermore, as the prosthesis will be placed in a submuscular 
pocket, it is important to not violate the pectoralis major mus-
cle during mastectomy (especially medially) as this structure is 
required to provide soft tissue coverage of the prosthesis. 
Hence, a patient who is known to have locally advanced dis-
ease with infi ltration of the muscle is not a candidate for an 
immediate implant-only reconstruction. Another important 
consideration is that the breast surgeon should not disrupt the 
inframammary fold or indeed cross the midline during mas-
tectomy. It is important that the breast boundaries are clearly 
marked on the patient preoperatively in order to guide the 
breast surgeon but more importantly to aid reconstruction.

Undertaking a delayed breast reconstruction can be more 
challenging as there may be few clues to guide the surgeon in 
correctly positioning the inframammary fold (if this was not 
preserved during mastectomy) together with the medial and lat-
eral breast borders. Hence accurate preoperative planning is 
essential for a good esthetic outcome. The boundaries of the 
opposite breast are important in this regard. If the reconstruc-
tion is unilateral, the opposite breast will serve as a guide for 
preoperative marking of these critical borders. As the breast skin 
envelope is defi cient in a delayed reconstruction (by defi nition), 
it will need to be augmented, and for implant-based reconstruc-
tions, this can be attained through a period of tissue expansion. 
If autologous fl aps are used, the extent of skin defi ciency must 
be calculated and incorporated into the fl ap planning such that 
the fl ap that is raised has an adequate skin component to com-
pensate. It is best to overestimate the amount of skin needed.

implant-based (alloplastic) breast 
reconstruction
Alloplastic breast reconstruction remains the most common 
form of postmastectomy reconstruction (32), which is perhaps 
not surprising considering its relative lack of surgical complexity. 
Breast prostheses are available in a wide variety of shapes and 
sizes, with many used in breast reconstruction being biodimen-
sional nowadays. (Fig. 51.1). Anatomically, the breast prosthesis 
is placed in a surgically created pocket underneath the pectoralis 
major muscle. Careful planning is required to ensure an appro-
priately sized pocket is created and that it is sited in the correct 
anatomical position on the chest wall. As well as having a layer of 
partial muscle coverage for the prosthesis, it is important that the 
overlying skin and soft tissues are suffi ciently pliable to accom-
modate the prosthesis. A good quality, well-vascularized soft tis-
sue envelope will maximize the chances of primary wound 

Table 51.1 Delayed Breast Reconstruction —Advantages 
and Disadvantages

Advantages
 Staggers the surgeries: shorter recovery times
 No risk of masking recurrence
 All the adjuvant treatment has been completed
Disadvantages
 Diffi cult to achieve excellent cosmesis
 Adverse effects of prior radiotherapy
 Multiple operations, hospitalization, time off work
 Possibly more expensive overall
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healing at the postsurgical scar and will help maintain longevity 
of the prosthetic reconstruction. Table 51.2 lists the advantages 
and disadvantages of prosthetic breast reconstruction.

For the small-breasted patient, an implant-based reconstruc-
tion may be undertaken as a single-stage procedure (3,33), but 
patients with moderate-to-large breasts will usually require a 
period of tissue expansion to create a pocket of suffi cient size to 
accommodate the defi nitive prosthesis and to expand the overly-
ing breast skin envelope. Most commonly, this is achieved by 
placing a tissue expander in a “submuscular pocket” (deep to the 
pectoralis major muscle), which is infl ated to the desired size 
over time. In a second procedure, the tissue expander is exchanged 
for a fi xed-volume implant. Alternatively, an “expandable 
implant” (34), such as the Siltex® Contour Profi le® Becker 35 
(35,36) or the Natrelle™ 150 (formally McGhan® Style 150 (37)), 
can be employed. These are “hybrid” devices that, in addition to 
an outer silicone gel component, also have an inner infl atable 
pocket that can be expanded with saline to the desired size. Such 

(A) (B)

(C) (D)

Figure 51.1 Commonly used prostheses in breast reconstruction: (A) Natrelle™ 133 (formally McGhan® Style 133) anatomical temporary tissue expander with 
integrated port; (B) Mentor Siltex™ Contour Profile® temporary breast tissue expanders with integrated port—low (Style 6100), medium (Style 6200), and tall 
(Style 6300) height prostheses; (C) Mentor Siltex® Contour Profile® Becker expandable implants—round (Becker 25 and Becker 50) and anatomical (Becker 35) 
shapes; and (D) Natrelle™ 150 (formally McGhan® Style 150) short height expandable implant.

Table 51.2 Prosthetic Breast Reconstruction—Advantages 
and Disadvantages

Advantages
 Simple
 Quick
 No extra scars/no donor sites
 Faster recovery
 Cheaper initially: short term
Disadvantages
 Small-to-moderate size breasts only
 Cannot withstand radiotherapy
 Complications: infection, exposure, extrusion, capsular contracture
 Multistage, frequent revisions
 Patient acceptance variable
 Ptosis diffi cult to achieve
 Poor projection in nipple-areola area
 More expensive if combined with an acellular dermal matrix
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an implant-only reconstruction may be optimal. In addition, 
when undergoing bilateral postmastectomy reconstruction, an 
implant-only reconstruction can produce a symmetrical recon-
struction and is often the procedure of choice for patients 
undergoing bilateral reconstruction following risk-reducing 
mastectomies. For patients with larger breasts, prosthetic recon-
struction can be feasible when a reduction of the opposite 
 (“target” breast) is simultaneously performed.

Immediate Alloplastic Breast Reconstruction 
Successful immediate implant-only reconstruction relies on 
close collaboration between the oncological and reconstructive 
surgeons (see Table 51.3 for indications). In this setting, the 

an expandable implant does not necessarily need to be exchanged, 
hence their alternative name of “permanent expanders” (3).

Any patient undergoing mastectomy is suitable for an allo-
plastic reconstruction (Fig. 51.2), but the technique is ideally 
suited to the patient with small-to-moderate–sized breasts with 
minimal ptosis and suffi cient chest wall soft tissue to ensure 
adequate coverage of the prosthesis. Many patients choose to 
undergo this form of reconstruction as it is associated with a 
shorter operating time and faster postoperative recovery and 
does not violate another body site. This contrasts with autolo-
gous fl ap reconstruction where there is potential donor site 
morbidity. Moreover, for those patients who have a paucity of 
tissue or previous surgical intervention in potential donor areas, 

Figure 51.2 Right immediate implant-only reconstruction: A 49-year-old woman with grade II invasive carcinoma of the right breast underwent skin-sparing 
mastectomy and immediate prosthetic reconstruction with a permanent expander. No adjuvant radiotherapy was required. Postoperative images show her follow-
ing nipple reconstruction, before areolar tattooing. Note the excellent reconstructive breast contour on the oblique and lateral views and the superomedial rippling. 
The lack of projection in the nipple areolar area is a typical feature of implant-only reconstruction. This is ideal for small-to-moderate-sized breasts with no 
glandular or nipple ptosis as shown here.
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jection but is useful in separating the implant from the 
axillary clearance where this has been performed. Dis-
section may also be more diffi cult.

Once hemostasis is ensured, suction drains are placed in 
both the submuscular and subcutaneous pockets. Care must be 
taken to limit the pocket to the boundaries/dimensions of the 
original breast, and these dimensions (the breast “foot-print”) 
will then govern the choice of size for the tissue expander to be 
used. The most important dimension is the breast width.

Patients with large breasts must be counseled that an alloplas-
tic reconstruction is limited by the maximum size of implants 
available, and the reconstruction may not be able to recreate a 
breast of the same original size. Furthermore, implant-based 
reconstructions ultimately lack the ptosis associated with native 
tissues, and larger-breasted patients may require contralateral 
balancing surgery to achieve a symmetrical result (38) or pos-
sible reduction of the breast skin envelope (27,29,39).

If a small breast (A or B cup size) is being reconstructed, there 
may be a suffi cient skin envelope to perform a single-stage 
reconstruction with a fi xed-volume prosthesis, but similar 
principles in terms of choosing the most appropriate implant 
apply. This situation rarely occurs in routine practice. It is more 
applicable if the patient is undergoing bilateral breast recon-
struction for very small breasts or unilateral reconstruction of 
the relatively larger of two small breasts.

Delayed Alloplastic Breast Reconstruction
Many patients do not undergo immediate reconstruction, 
either as a result of their own choice or from not being offered 
it at the time of mastectomy. Sometimes IBR is not available 
and rarely it is deemed oncologically inappropriate to under-
take an immediate procedure. In such cases of delayed recon-
struction, many patients choose to have an implant-only–based 

mastectomy can be carried out using a skin-sparing approach 
with excision of the nipple-areola complex (NAC) and underly-
ing glandular tissue and preservation of the remaining overlying 
skin envelope. There are many incision patterns for skin-sparing 
mastectomy (26–28). The incision can be drawn as a transverse 
ellipse to give greater access for the mastectomy and allow for a 
neater skin closure by eliminating “dog ears.” Once the mastec-
tomy has been completed, the skin fl aps must be assessed for 
their viability and the mastectomy cavity or pocket inspected for 
hemostasis. A submuscular pocket is then created.

 ● The senior author’s approach is to fi nd the lateral 
edge of the pectoralis major muscle and elevate the 
muscle using a combination of electrocautery and 
blunt  dissection to create the pocket. If total submus-
cular coverage is desired, especially in the case of thin 
skin fl aps, an inferolateral space (deep to the serratus 
anterior fascia or muscle) will also need to be ele-
vated, as the pectoralis major does not cover this 
area. Alternatively, if the fascia inferior to the pecto-
ralis major muscle has been damaged or is tenuous 
(as in thin patients), a strip of an acellular dermal 
matrix (ADM), for example, Alloderm® Regenera-
tive Tissue Matrix (RTM) or Strattice™ Reconstruc-
tive Tissue Matrix (LifeCell Corporation, Branchburg, 
New Jersey, USA), can be used to cover the implant in 
this region (Fig. 51.3).

 ● An alternative approach is to split the pectoralis muscle 
away from its lateral edge and develop a pocket from 
there. The advantage of this approach is that once in 
the submuscular plane, deep to the pectoralis major, 
careful dissection laterally can elevate the serratus ante-
rior fascia and muscle in the same plane and ensure an 
even pocket, thus allowing total musculo-fascial cover-
age of the implant. This, however, can lead to poor pro-

Figure 51.3 Illustration of Strattice™ Reconstructive Tissue Matrix in situ  
for coverage of the lower pole of the breast prothesis (courtesy LifeCell Corpo-
ration, Branchburg, New Jersey, US).

Table 51.3 Indications for Immediate Prosthetic Breast 
Reconstruction

Simple (fi xed-volume) implants
 Patient choice
 Patient acceptance of foreign material
 Small volume breasts (A/B cup size)
 No ptosis
 No radiotherapy planned or likely
 Adequate soft tissue cover
 Lack of donor tissues: primarily or secondary to previous surgery
 Nonsmoker, ideally young with good muscle
 Unwilling to tolerate extra scars
 Bilateral reconstructions
Expanders (temporary or permanent)
 Patient choice
 Patient acceptance of foreign material
 Small-to-moderate volume breasts (A–C cup size) 
 No or minimal ptosis
 Lack of donor tissues: primarily or secondary to previous surgery
 No radiotherapy planned or likely
 Well-vascularized, healthy soft tissue and skin envelope
 Unwilling to tolerate extra scars
 Unfi t for major surgery
 Flexibility
 Preferably nonsmokers
 Bilateral reconstructions
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the tissues have settled. Careful planning and a meticulous 
operative technique, which limits the dissection of the implant 
pocket to the predetermined breast borders, will minimize the 
risk of incorrect implant placement. Moreover, a pocket that is 
just large enough to accommodate the implant will reduce the 
chance of in-situ implant rotation or displacement.

Capsular Contracture and the Effect of Radiotherapy 
on Implant-Based Reconstruction
After placement of a breast prosthesis, the body will mount a 
tissue reaction to it, as it is a foreign object. This results in a thin 
layer of scar-like tissue forming around the prosthesis, known as 
a capsule. In most patients, this remains as a thin layer that is 
neither palpable nor visible. However, in others the capsule 
thickens and contracts for reasons that are not entirely clear. 
This results in worsening degrees of capsular contracture, which 
Baker originally divided into four grades depending on clinical 
fi rmness of the breast following cosmetic augmentation. The 
Baker classifi cation has been modifi ed by Spear to include breast 
reconstruction (42), and a commonly used version is based on 
clinical assessment of the breast capsule, as follows:

    (I) impalpable, not visible;
  (II) palpable, not visible;
(III) palpable and visible; and
(IV)   causing symptoms, such as pain, often associated 

with visible distortion of the breast.

Severe capsular contracture (grade III/IV) typically requires 
revisional surgery in the form of capsulectomy and implant 
exchange.

The reasons for development of severe capsular contracture 
in patients with breast implants have not been fully elucidated. 
However, the incidence appears to be infl uenced by pocket 
location (submuscular placement is associated with lower 
rates) and implant surface (textured implants have lower rates 
compared with smooth implants) (43,44). Furthermore, 
subclinical infection and hematoma formation have also been 
implicated as causative factors, and most notably in breast 
reconstruction signifi cantly increased rates are seen in patients 
receiving external beam radiotherapy as part of cancer treat-
ment. In the authors’ unit, a review of patients having imme-
diate prosthesis-based breast reconstructions suggested a 30% 
incidence of severe (grade III/IV) capsular contracture at 
5 years in patients undergoing postoperative radiotherapy 
compared with those without radiotherapy for whom the inci-
dence of severe capsular contracture was zero (45). These risks 
need to be discussed with patients who are likely to require 
postoperative radiotherapy (e.g., those with locally advanced 
or aggressive tumors or those at a risk of local or regional 
recurrence following mastectomy), and close liaison with the 
oncologist and breast surgeon is essential. In such patients, it is 
often more appropriate to avoid an implant-based reconstruc-
tion and instead carry out an immediate reconstruction using 
autologous fl aps. If none of these are suitable or acceptable to 
patients, a delayed reconstruction is preferable.

Similarly, preoperative radiotherapy can have deleterious 
effects on the native tissues of the breast with induction of 
perivascular infl ammation leading to endarteritis obliterans in 
the skin and soft tissues. This results in reduced tissue vascu-
larity and is associated with high rates of complications such 

technique. Selection criteria are similar to immediate implant-
only reconstruction, but the main difference is the defi ciency of 
any skin envelope and this has to be recreated. The other differ-
ence is loss of the inframammary fold and other breast borders, 
which is not infrequent. The site of the new inframammary 
fold and medial and lateral breast borders must be determined 
preoperatively (foot-print), and for unilateral reconstruction, 
the contralateral breast should serve as a template for this. To 
create a pocket suffi cient to accommodate the defi nitive pros-
thesis, the skin and soft tissues must be surgically stretched by 
use of a breast tissue expander.

Tissue Expansion
In those cases where a single-stage implant-based reconstruc-
tion with a fi xed-volume prosthesis cannot be achieved, the sub-
muscular pocket and the overlying soft tissue and skin envelope 
must undergo a period of tissue expansion, and this always per-
tains whenever a delayed implant-based reconstruction is being 
carried out. Tissue expansion is a technique that reconstructive 
surgeons have employed for many years, and this relies on the 
viscoelastic properties of skin and soft tissues and is dependent 
upon cellular proliferation within the stretched tissues (40,41). 
In 1982, Radovan successfully applied the concept to postmas-
tectomy breast reconstruction with the use of a silicone shell 
implant with an expandable saline component connected via a 
tube to a remote port. This port was placed in a subcutaneous 
pocket and allowed for percutaneous injection of saline at 
 regular intervals to infl ate the prosthesis thus expanding the 
overlying soft tissue. Since that time, although the concept has 
remained the same, the devices themselves have undergone 
numerous modifi cations. Current expanders for breast recon-
struction are available with either remote or integrated ports 
and manufactured in both round and anatomical shapes. Those 
with integrated ports, such as the Natrelle™ 133 (usually a but-
terfl y needle, size 19 or 21 French gauge) (formally McGhan® 
Style 133) and Mentor Siltex® Contour Profi le® Breast Expand-
ers Style 6100, 6200, 6300, have a metallic backing at the port 
site. Hence when the patient attends the clinic, the port can be 
readily located by means of a magnet and a small cannula (usu-
ally a size 19 or 21G butterfl y needle) accurately placed prior to 
expansion.

Nowadays, tissue expanders and fi xed-volume implants are 
available in different shapes and sizes and, specifi c to breast sur-
gery, these are round or ‘tear-drop’ shaped (bio-dimensional/ 
anatomical/contour profi le) prostheses. These latter anatomi-
cal prostheses have more volume in the inferior portion, which 
leads to better projection in the lower pole of the breast. The 
upper portion of the prosthesis is much thinner and hence the 
patient has a more natural looking upper pole (excessive full-
ness of the upper pole is often associated with the use of round 
expanders or implants) (3, 32).

Despite being the simplest method for breast reconstruction, 
implants by virtue of being prosthetic carry inherent risks 
(Table 51.2), which include infection and extrusion. The 
importance of a well-vascularized, healthy soft tissue and skin 
envelope is crucial to promote primary wound healing and 
minimize the risk of extrusion. Periprosthetic infection is 
disastrous for implant-based reconstruction and usually neces-
sitates removal of the prosthesis. After some months of heal-
ing, reimplantation can be undertaken (>6 months later) once 
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their side. Under these circumstances, some reconstructive sur-
geons themselves identify it for the ablative surgeon.

When designing an LD fl ap, a skin paddle needs to be har-
vested with the muscle. For immediate reconstruction follow-
ing skin-sparing mastectomy with a periareolar incision, this 
will reconstruct the area where the NAC has been removed. In 
the case of a delayed reconstruction (Figure 51.4B), a larger 
skin paddle is required. Various designs of skin paddle have 
been described, but the authors prefer to draw a transverse 
skin paddle at such a location where there is suffi cient skin 
excess so that tension-free primary closure can be achieved. It 
is preferable to place the resultant scar in the brassiere line (as 
shown in Figs. 51.4A and 51.4B), with the aim that it will be 
concealed when the patient is wearing a brassiere or swimwear. 
In delayed reconstruction where a large skin paddle is needed, 
or in a totally autologous LD reconstruction, the skin paddle is 
orientated obliquely in the crease line in order to allow a wider 
skin paddle to be harvested (maximum width of about 10 cm).

For immediate reconstruction (Figure 51.4A), it is possible to 
perform mastectomy and/or axillary clearance at the same time 
as the fl ap is being raised, with the patient placed in the lateral 
decubitus position. If a skin-sparing mastectomy is being 
undertaken, a small skin paddle on the LD muscle will be 
required to reconstruct the skin defect in the breast envelope. 
Careful planning is required to ensure the skin paddle of the fl ap 
is sited such that it will inset appropriately at the recipient site. 
Nonetheless, the exact position may be less critical when divi-
sion of the LD tendon is carried out, which allows greater fl exi-
bility in terms of fl ap positioning and inset. In the case of a 
delayed reconstruction (Fig. 51.4B), a larger skin paddle is 
required, the length of which should approximate to the width 
of the breast to be reconstructed. The vertical width of the skin 
paddle should not be excessive and allow primary closure of the 
back wound. Although a larger skin paddle will be required in a 
delayed reconstruction, skin from the back alone may be insuf-
fi cient to fully reconstruct the breast skin envelope. In these cir-
cumstances, the skin can be further increased in extent by the 
use of a tissue expander. In contrast, in immediate reconstruc-
tion, a fi xed volume (standard) implant may sometimes be used.

In the case of delayed reconstruction, the mastectomy scar 
on the anterior chest will need to be excised with elevation 

as poor wound healing, skin necrosis, infection, and implant 
extrusion (46,47). For these reasons, the use of implants in 
patients who have had previous radiotherapy may not be 
appropriate, unless supplemented by autologous fl aps, such as 
the LD myocutaneous fl ap, which will bring in healthy, well-
vascularized tissue to aid primary healing, and these discus-
sions must be had with patients before choosing the mode of 
reconstruction. In previously irradiated patients undergoing 
implant-based reconstruction, it is important that the 
expander is minimally fi lled at surgery and the infl ation proto-
col is more protracted (start later, i.e., at 3 weeks, and infl ate 
with small volumes and less frequently).

autologous tissue breast reconstruction
The main indications for autologous tissue breast reconstruc-
tion are listed in Table 51.4, most of which are relative. Autolo-
gous tissue is generally more durable than prosthetic material 
and results in a more natural looking breast. The use of autolo-
gous tissue provides opportunity to avoid artifi cial materials. 
Furthermore, they provide versatility in creating ptosis, the ante-
rior axillary fold, lateral fullness, and fi lling out the infraclavicu-
lar hollow. These aspects of breast reconstruction are much less 
likely to be achieved with a prosthesis-based reconstruction.

The critical issues in selecting one technique (Table 51.5) 
over another are beyond the scope of this chapter but briefl y 
include (i) patient’s choice, (ii) availability of donor tissues 
(patient body habitus), (iii) recovery period, (iv) likely require-
ment for adjuvant radiotherapy, (v) the presence of previous 
scars, and fi nally, (vi) the surgeon’s experience and preference. 
Implant-based reconstructions should generally be avoided in 
patients for whom radiotherapy is planned (45).

the ld myocutaneous flap
The LD is a large fl at muscle that has a proximal attachment 
(insertion) to the fl oor of the bicipital groove of the humerus 
and has distal attachments (origins) to the angle of the scapula, 
spinous processes of lower thoracic vertebrae and integrates 
with the lumbar fascia at the level of the posterior iliac crest. 
The vascular pedicle is the thoracodorsal vessels from the sub-
scapular axis, and this enters the muscle 8 cm (roughly a hand’s 
breadth) below the axilla. During fl ap harvest, it is essential to 
be conversant with the vascular anatomy of this area to ensure 
fl ap viability. This is also of particular importance when the 
patient is undergoing, or has undergone, axillary dissection, as 
the thoracodorsal vessels are encountered in this surgery. This 
is also of relevance to immediate reconstruction in the lateral 
position when the fl ap is being harvested with the patient on 

Table 51.5 Main Types of Autologous Tissue Reconstruction

Latissimus dorsi myocutaneous fl ap
Abdominal fl aps
  Pedicled transverse rectus abdominis myocutaneous 

(TRAM) fl ap
 Free TRAM fl ap
 Deep inferior epigastric artery perforator (DIEP) fl ap
 Superfi cial inferior epigastric artery (SIEA) fl ap
Gluteal fl aps
 Superior gluteal myocutaneous fl ap
 Inferior gluteal myocutaneous fl ap
 Superior gluteal artery perforator (SGAP) fl ap
 Inferior gluteal artery perforator (IGAP) fl ap
Taylor-Ruben’s peri-iliac fl ap
Thigh fl aps
 Transverse upper/myocutaneous gracilis fl ap (TUG/TMG)
 Lateral transverse thigh fl ap
 Anterolateral thigh (ALT) fl ap

Table 51.4 Indications/Advantages of Autologous Tissue 
Reconstruction

Patient choice
Large or ptotic breasts
Adjuvant radiotherapy is planned: can tolerate postoperative 

radiotherapy
Previous radiotherapy
Best possible cosmetic result is demanded by the patient
Most durable and natural
Best cosmesis
No artifi cial materials
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Figure 51.4A LD fl ap immediate breast reconstruction: This 57-year-old woman with previous lumpectomy of the right breast had a right skin-sparing mastectomy 
for DCIS with immediate reconstruction with an LD fl ap and expandable implant. She later declined nipple reconstruction. The LD skin paddle is orientated hori-
zontally so as to leave a scar that can be hidden in the brassiere line. Note the moderately large-sized and ptotic breasts that were successfully reconstructed with this 
technique. Abbreviations: DCIS, Ductal carcinoma in situ; LD, Latissimus dorsi.
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Figure 51.4B LD fl ap delayed breast reconstruction: A 48-year-old woman who underwent a delayed reconstruction of the right breast with an LD myocutaneous 
fl ap and tissue expander, 12 months after her mastectomy. The delayed option requires a larger skin paddle to be harvested, as shown in this patient. The downside 
of delayed breast reconstruction with autologous fl aps is the obvious patch effect. Abbreviations: LD, Latissimus dorsi.



11THE PRINCIPLES OF BREAST RECONSTRUCTIVE SURGERY

of mastectomy fl aps such that a pocket is surgically created 
to allow inset of the fl ap. The LD fl ap is transferred to the 
site of the mastectomy defect through a subcutaneous tun-
nel high in the axilla, and care must be taken to ensure the 
vascular pedicle is not placed under any tension, kinked, 
twisted or avulsed during this maneuver (48). Adequate per-
fusion of the fl ap should be checked at this stage. Transposi-
tion of the fl ap can be aided by dividing the proximal 
tendinous attachment, and this allows for greater fl exibility 
in movement and inset of the fl ap (49) and possibly improved 
cosmetic results (50).

A standard LD myocutaneous fl ap alone will generally not 
provide suffi cient tissue to completely reconstruct the volume 
defi cit following the mastectomy. There are two ways in which 
satisfactory volume replacement can be achieved. First, a “total 
autologous” or “extended” LD fl ap can be used (51,52). Six 
areas of fat are potentially available to safely harvest with the 
LD fl ap, but this extended technique is only suitable for 
selected patients. These fatty zones are as follows:

1. Fat deep to the skin paddle
2. A layer of fat below the superfi cial (Scarpa’s) fascia 

covering the entire surface of the muscle
3. Suprascapular fat
4. Fat adjacent to the anterior edge of the fl ap
5. Suprailiac fat (so-called love handles)
6. Fat on the deep surface of the muscle.

This technique is suitable for patients who have an excess of 
adipose tissue in the region of the back but is very much 
dependent on individual body habitus.

The method for additional volume replacement that is most 
commonly used, however, is to supplement the LD fl ap with a 
prosthesis—an implant-assisted LD fl ap. Once the fl ap is trans-
posed and the LD muscle has been inset to the periphery of the 
predetermined breast borders, the prosthesis (expander or 
implant) is placed deep to it. In the case of an immediate recon-
struction of a small breast, this can be achieved using a fi xed-vol-
ume implant. In the case of delayed reconstruction or immediate 
reconstruction of a larger breast, tissue expansion may be required 
and similar principles to implant-only reconstruction with tissue 
expanders or expandable implants apply. The volume of an LD 
fl ap based reconstruction can also be increased by the use of fat 
injections (performed either at the same time or later) (53).

Vascular compromise or total failure of an LD fl ap is very 
unusual. If it does occur, it may be due to unrecognized injury 
to the vascular pedicle, excessive tension on the pedicle, or inad-
vertent twisting/kinking. Hence careful transposition of the 
fl ap from the back to the anterior chest wall, ensuring the pedi-
cle is lying tension free without any twists or kinks, is essential 
to minimize these potential problems. The tunnel must be ade-
quate and must not have a “sharp” edge over which the pedicle 
may be stretched or kinked. Sometimes if an expander fi lled 
with saline has been used, the pressure of the fi lled prosthesis 
may be suffi cient to produce external pressure on the fl ap’s ped-
icle. This can be relieved by removing fl uid from the injection 
port in the immediate or early postoperative period.

One of the more common sequelae of LD fl ap harvest is the 
potential space that is left behind at the donor site; it is not 
uncommon for patients to develop seromas that require serial 
needle aspiration postoperatively. The use of suction drains 

may reduce the incidence of seroma formation to some degree, 
and other measures such as quilting of the donor site at the 
time of wound closure may also help (54).

Limitations of shoulder function following LD fl ap breast 
reconstructions are reported, but early postoperative physio-
therapy can help minimize these functional problems (55). 
Although certain groups of patients rely on the function of the 
LD muscle (such as wheelchair-bound patients or those who 
undertake activities such as rock climbing (56)), for the major-
ity of patients, the remaining stabilizing muscles are suffi cient 
to avoid any compromise in shoulder function. However, these 
factors must be borne in mind when counseling the young, 
physically active female patient who is being considered for 
breast reconstruction. These effects may be compounded 
when undergoing a bilateral LD-based reconstruction, leading 
to a synergistic defi cit in function (57).

Overall, the LD muscle is an extremely reliable fl ap for breast 
reconstruction with an anatomically consistent, robust blood 
supply and a low incidence of signifi cant long-term donor site 
morbidities. It is useful in the setting of both immediate and 
delayed breast reconstruction. As often used in conjunction 
with a prosthesis, the LD fl ap provides total muscular coverage 
of the implant, which is effectively sandwiched between two 
well-vascularized muscles, namely the pectoralis major below 
and the LD muscle above. This anatomical arrangement maxi-
mizes the opportunity for primary wound healing. and possi-
bly reduces capsular contracture rates.

abdominal flaps
Abdominal pedicled and free fl aps are based on blood vessels 
that supply the rectus abdominis muscles and the overlying adi-
pocutaneous tissue. In addition to this, the lower abdominal skin 
and fat also receive blood supply from the superfi cial inferior 
epigastric (SIE) system, which derives from the femoral vessels.

The rectus abdominis muscles are a paired set of muscles 
that are vertically oriented either side of the midline, from the 
xiphisternum to pubis. The rectus abdominis muscle has a 
dual blood supply. Superiorly this is from the superior epigas-
tric artery (a continuation of the internal thoracic artery) and 
inferiorly from the deep inferior epigastric (DIE) artery, a 
branch of the external iliac artery. These vessels enter the deep 
surface of the muscle, and their terminal branches anasto-
mose with each other. From these deeper vessels, small perfo-
rating blood vessels traverse the rectus abdominis muscle and 
enter the overlying skin and adipose tissue, creating a net-
work of vessels that connect across the anterior abdominal 
wall. An understanding of this intricate vascular network is 
essential in the planning and execution of the TRAM, SIEA 
and DIEP fl aps.

The Pedicled TRAM Flap
The pedicled TRAM fl ap (13) is based on the superior epigastric 
vessels and uses a transverse adipocutaneous paddle (as would 
be removed during an abdominoplasty) attached to the rectus 
muscle to recreate the breast. Once raised, the fl ap is passed 
through a subcutaneous tunnel in the hypogastrium to the 
breast and inset into the mastectomy defect (Fig. 51.5A). It is 
important to position the muscle pedicle carefully without kink-
ing it. Since its original description, the pedicled TRAM fl ap has 
been associated with signifi cant complications, both at donor 
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Figure 51.5A Abdominal flap reconstruction: A 41-year-old woman who 
underwent a right-sided skin-sparing mastectomy with immediate left pedi-
cled TRAM flap reconstruction of the right breast. The position of the subcu-
taneous epigastric tunnel is shown between her breasts in the preoperative 
images. The tumor dictated a large skin resection and replacement, hence the 
target-like appearance of the right breast following nipple-areolar reconstruc-
tion. Abbreviation: TRAM, transverse rectus abdominis myocutaneous.

and at recipient sites. At the donor site, removal of one of the 
rectus abdominis muscles and its attached rectus sheath leaves a 
defect that typically requires a synthetic mesh to reestablish the 
integrity of the anterior abdominal wall. This carries the inher-
ent risk of hernia formation, but with meticulous technique dur-
ing inset of the mesh and closure of the abdominal donor site, 
the development of bulges and herniae can be reduced and any 
functional compromise minimized (58). At the site of the fl ap 
inset, partial fl ap necrosis in the early postoperative period has 
been described, while late fat necrosis tends to occur at the 
periphery of fl aps in those areas farthest away from the vascular 
pedicle (59). These areas of fat necrosis lead to suboptimal fi nal 
results (60).

The Free TRAM and DIEP Flaps
Improvements in abdominal fl ap breast reconstruction came 
about with realization that the adipocutaneous component of 
the TRAM fl ap was better perfused by the perforating vessels 
that arise from branches of the deep inferior epigastric (DIE) 
vessels. A fl ap based on these vessels, however, necessitates the 
use of microsurgery to vessels at the recipient site. This refi ne-
ment of the TRAM fl ap had a steep learning curve but successful 
free fl ap transfer resulted in improved outcomes at the recipient 
site (Fig. 51.5A). Nonetheless, a free TRAM fl ap still harvests a 
portion of the rectus abdominis and rectus sheath with contin-
ued risk of donor site problems. Further refi nements came with 
improved understanding of the anatomy of DIE perforators, 
and how the fl ap could be raised as an adipocutaneous unit with 
only a small amount of muscle (the so-called MS TRAM fl ap) 
(24) or even without the need to sacrifi ce any of the rectus mus-
cle or rectus sheath at all (DIEP fl ap) (Figs. 51.5B–C) (21,22). 
It should be noted that even if the muscle bellies are left intact, 
the nerve supply to the rectus abdominis muscle must be pro-
tected to minimize functional loss.

When dissecting the perforators through the rectus abdom-
inis muscle, often a split in the muscle along the line of its 
fi bers is all that is necessary to visualize and further dissect the 
perforators. However, anatomy of these perforating vessels is 
variable. The DIE vessels can have one of three arrangements 
(61). Most commonly, the vessel divides into medial and lat-
eral trunks and perforators arise from these. Lateral row per-
forators tend to have a shorter, more vertical route through 
the muscle, whereas medial row perforators (although often of 
a larger caliber) tend to have a more oblique and longer intra-
muscular course, necessitating more dissection. The other two 
anatomic variations are the presence of only one trunk or 
existence of three trunks. Regardless of type, these trunks 
gradually decrease in size as they travel superiorly and will 
eventually anastomose with branches of the superior epigas-
tric system.

Once the perforators are identifi ed, dissection will proceed 
in an inferior direction, and the main trunks will be followed 
back to the DIE vessels. After the recipient site vessels have 
been prepared, the DIE artery and vein can be ligated and 
divided prior to reanastomosis at the recipient site mastec-
tomy defect.

From the surgical viewpoint, the transverse ellipse of skin 
and fat that makes up the fl ap is divided into four zones as orig-
inally described by Hartrampf, although this classifi cation has 
been subsequently modifi ed following emergence of the DIEP 
fl ap (62). The area overlying the pedicle is termed zone 1, 
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Figure 51.5B Abdominal flap immediate breast reconstruction: A 49-year-old woman with Cowden’s syndrome and large ptotic breasts elected to proceed with 
bilateral risk-reducing mastectomies, which were performed using the Lejour skin reduction pattern and reconstructed using a DIEP flap for the right breast and 
an SIEA flap for the left breast. The postoperative breast mounds show an improvement in appearance, mimicking an esthetic breast procedure, without sacrificing 
breast volume or symmetry. Abbreviations: DIEP, deep inferior epigastric perforator; SIEA, superfi cial inferior epigastric artery.
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Figure 51.5C Abdominal flap delayed breast reconstruction: A 58-year-old woman with a severe postmastectomy and postradiation deformity presented for 
delayed breast reconstruction. Despite the small breast volume, she declined implant-based reconstructions. She therefore underwent a free DIEP flap to the left 
breast with excellent cosmesis. The abdominal flap was able to restore the chest contour and addressed the large skin deficit. Postoperative results after NAC tattoo. 
Abbreviations: DIEP, deep inferior epigastric perforator; NAC, nipple-areola complex.
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alternative free flap reconstructions
If a patient declines a prosthesis-based reconstruction, and it is 
decided to proceed with a fl ap-based reconstruction, there will 
be instances where the fi rst choice of an abdominal free fl ap is 
not available or tissue volume is insuffi cient for the size of 
reconstruction required. In these circumstances, alternative 
donor sites can be considered.

Flaps raised from the buttock area are based on blood sup-
ply from the superior and inferior gluteal vessels. Before 
development of the perforator concept, these fl aps were raised 
as musculocutaneous units, taking portions of the gluteus 
maximus muscle with it (72,73). This can potentially result in 
morbidity at the donor site, which might be manifest as prob-
lems with gait, for example. However, the main problem with 
the gluteal myocutaneous fl aps was the reach of the pedicle. It 
was shortened by the presence of muscle and often vein grafts 
were needed (72,73). The shorter vascular pedicles also hin-
dered fl ap inset as the recipient site routinely used at that time 
was the thoracodorsal vessels. When raised as perforator fl aps, 
there is no muscle to sacrifi ce with consequent advantages of 
fewer donor problems and longer pedicles. The superior glu-
teal artery perforator (SGAP) fl ap harvests tissue from the 
upper part of the buttock (74), whereas the inferior gluteal 
artery perforator (IGAP) fl ap uses tissue from the lower but-
tock (75). The IGAP fl ap is often preferred because of better 
scarring and lower donor site defi cit. With particular regard to 
the reconstruction, buttock tissue tends to be fi rmer than 
abdominal tissue, and although providing more projection 
than a DIEP/TRAM fl ap, the tissue is more diffi cult to shape. 
At the donor site, the SGAP fl ap leaves a conspicuous scar 
across the upper buttock and can leave a fl attened or depressed 
contour. In contrast, the IGAP fl ap can be harvested in such a 
way so that the donor scar is placed in the lower gluteal crease 
(75). Criticisms of gluteal fl aps include diffi culty in simulta-
neously harvesting the fl ap and performing mastectomy for 
immediate reconstruction due to patient positioning, diffi cult 
perforator dissection, constrained fl ap inset and potential 
buttock asymmetry.

If a patient’s body habitus is such that they have minimal 
abdominal or buttock tissue, an alternative fl ap option is the 
transverse upper/myocutaneous gracilis fl ap (76,77), which 
utilizes adipocutaneous tissue from the upper medial thigh 
and the gracilis muscle. The gracilis is a thin, long muscle in 
the adductor compartment of the thigh whose arterial supply 
arises from the adductor artery, a branch of the profunda 
 femoris. Harvest of the muscle leaves minimal donor site mor-
bidity. This fl ap is particularly useful when carrying out recon-
struction of a small breast, although problems with donor site 
healing are reported (78).

miscellaneous aspects of breast 
reconstruction
Free Flap Microsurgery
Recipient Vessels
The authors’ preferred choice for recipient vessels in free tis-
sue breast reconstruction is the internal thoracic (internal 
mammary) vessels. The traditional technique for preparing 
these recipient vessels is to remove the third costal cartilage 
and prepare the vessels between the second and fourth costal 

whereas the zone farthest away from the pedicle is zone 4. The 
areas of the fl ap nearest to the pedicle are often best vascular-
ized, usually some or all of zone 4 has to be discarded as it will 
be relatively poorly vascularized in comparison. Depending on 
which specifi c perforators are chosen to base the fl ap on, be it 
lateral or medial rows, zones 2 and 3 are either ipsilateral or 
across the midline, respectively. Therefore the nomenclature is 
interchangeable depending on the precise vascular anatomy of 
the fl ap.

The free TRAM and DIEP fl aps utilize the same abdominal 
tissue as used in Hartrampf ’s original pedicled TRAM fl ap, 
which corresponds to the tissue that is removed during an 
abdominoplasty or apronectomy operation. Hence if a patient 
has undergone either of these procedures in the past, this pre-
cludes a free TRAM/DIEP fl ap. Furthermore, if there has been 
any previously documented injury to the DIE vessels, then 
likewise this fl ap should not be attempted. If such an injury is 
suspected (e.g., from previous trauma or surgery), it may be 
pertinent to undertake radiological imaging of these vessels 
even though successful fl ap harvest is possible in patients with 
pre-existing abdominal scars (63,64). In fact, because of the 
variability of the specifi c DIE perforators, many surgeons 
choose to routinely carry out radiological imaging of the DIE 
and its perforators prior to surgery. Not only does this confi rm 
the presence of the main trunks but also provides a roadmap 
of the perforators, which allows judgment on which are the 
best perforators to be utilized in the fl ap. This can be done 
using one of the several imaging modalities—duplex sonogra-
phy, CT, or MR angiography (65).

The Superficial Inferior Epigastric Artery Flap
In some cases, especially those in which only half of the 
abdominal tissue is required, a fl ap based on the superfi cial 
inferior epigastric (SIE) vessels can be raised (66,67). The SIE 
vessels typically supply the ipsilateral skin and fat only and 
therefore fl aps based solely on these vessels cannot reliably 
cross the midline (68). However, the caliber of these vessels, in 
particular the superfi cial inferior epigastric artery (SIEA), is 
highly variable and often of insuffi cient size to be reliably dis-
sected. Indeed, anatomic and clinical reviews suggest that the 
artery is useable in fewer than 50% of dissections (17,69). In 
those patients where a sizable or prominent SIEA and vein are 
identifi ed during fl ap harvest surgery, the fl ap can be raised 
without disruption of the rectus sheath (Fig. 51.5B), but it 
must be remembered that vascularity across the midline is not 
guaranteed, and consequently only half of the lower abdomi-
nal skin and fat can be safely harvested. The limiting factor 
from a technical viewpoint is the size of the artery; if it is pul-
satile and clearly visible without (surgical) loupe magnifi ca-
tion, it is possible to harvest the fl ap. It is the senior author’s 
practice to look for the SIE vessels in every patient undergoing 
lower abdominal fl ap breast reconstruction in case the artery 
is large enough to support a fl ap. However, an SIE artery fl ap 
is not formally planned at the outset, except in patients who 
have lost signifi cant amounts of weight (70).

The SIE vein can also prove useful if present and can be dis-
sected to provide additional venous drainage for a TRAM or 
DIEP fl ap. Therefore, routine preservation of the SIE vein is 
recommended (71).
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The skin paddle of a healthy fl ap will be of normal color 
(relative to donor site skin), be soft and warm to the touch, and 
have a capillary refi ll time of approximately 2 seconds. By con-
trast, a pale, fl accid skin paddle with a delayed capillary refi ll 
time and which fails to bleed if scratched with a needle sug-
gests impaired arterial infl ow. A problem with the venous out-
fl ow may be evident from a mottled appearance, swelling, and 
increased turgor in the presence of a brisk capillary refi ll time. 
When scratched, a fl ap with a venous congestion will rapidly 
ooze dark blood. A common cause for fl ap congestion is exter-
nal compression of the pedicle vein by hematoma. Tight dress-
ings may also contribute to external compression of the 
pedicle, and the initial maneuver is to release dressings and 
sutures, which may provide relief. Any suspicion of a failing 
fl ap should prompt immediate surgical exploration to maxi-
mize the chance of salvage. The patient must return to the 
operating theater without delay for examination of the micro-
anastomoses and fl ap pedicle. If necessary, the microsurgical 
anastomoses will need to be redone, and the earlier this inter-
vention is carried out, the higher is the chance of the fl ap 
surviving.

Free fl ap failure is generally uncommon with the latest 
fi gures from the United Kingdom (UK) National Mastectomy 
and Breast Reconstruction Audit (2), suggesting that the 
national rate for complete fl ap failure is 2%. To maximize suc-
cess rates with this surgery, it should only be undertaken in 
units well rehearsed in the care of these patients, where micro-
surgery is carried out on a regular basis and where systems are 
in place to identify and manage postoperative problems quickly 
and effi ciently.

Acellular Dermal Matrices (ADMs)
In patients with moderately large breasts or those with poor 
soft tissue coverage, an alternative to using a LD fl ap with a 
prosthesis is to use an Acellular Dermal Matrix (ADM), such as 
Alloderm® Regenerative Tissue Matrix (RTM) or Strattice™ 
Reconstructive Tissue Matrix, human- and porcine-derived 
biosynthetic materials respectively.” (Fig. 51.5) (85–87).

These materials can be used to provide coverage and support 
to the lower pole of the breast prosthesis. By creating a pocket 
underneath the pectoralis major (starting from its lateral edge 
rather than splitting the muscle as mentioned above), the super-
omedial part of the prosthesis will be covered. Instead of elevat-
ing some of the serratus anterior fascia or muscle to provide 
inferolateral coverage of the prosthesis, the ADM can be sutured 
to the periphery of the defect in this lower pole and acts as a 
sling to cover and provide support and coverage for the prosthe-
sis. The other edge of the ADM sheet is sutured to the free lateral 
edge of the pectoralis major muscle, thereby totally covering the 
prosthesis. The material acts as a scaffold into which there is vas-
cular ingrowth, shown experimentally (88) and clinically (89), 
and with time the material is said to incorporate with the native 
tissue. The advantage over trying to achieve total submuscular 
coverage under serratus inferolaterally is that the breast can have 
a more natural, ptotic appearance and the projection will not be 
constrained by a submuscular pocket, which would otherwise 
lack ptosis and projection. However, the material is thinner than 
muscle and is initially avascular, requiring time for the vascular 
in growth. The signifi cant cost associated with these products 
also needs to be factored into decision making.

cartilages (79,80). However, a cartilage-sparing approach is 
preferred (81), and the vessels can be prepared without excis-
ing any costal cartilage (82).

If the internal thoracic vessels are not available, options 
include the thoracodorsal or circumfl ex scapular vessels in the 
axilla and indeed these are the vessels of choice for many 
reconstructive surgeons (83,84). The disadvantage is that 
microsurgery has to be performed in the axillary region and 
hence an adequate length of pedicle is required. If the pedicle 
is short, as in a SIE artery fl ap, the thoracodorsal vessels may 
not be appropriate; however, with DIEP fl aps, pedicle length is 
not an issue and microsurgery can be carried out at either 
recipient location.

Perioperative Management
Successful free fl ap breast reconstruction is not only reliant 
on factors associated with surgery per se, but careful prepara-
tion of patients and postoperative management are essential. 
 Surgery involves prolonged general anaesthesia, and hence a 
patient’s comorbidities and their suitability for a free fl ap pro-
cedure must be assessed. Flap planning involves selecting the 
most appropriate fl ap for individual patients, and adjuncts 
such as the handheld Doppler, duplex sonography, or angiog-
raphy (CT/MRI) can be used to evaluate perforating vessels in 
the fl ap being planned.

Intraoperatively, careful dissection and meticulous tissue 
handling are necessary to avoid mechanical and thermal 
 damage to the delicate blood vessels that will perfuse the fl ap. 
Once raised, microsurgery to reanastomose the fl ap’s pedicle 
to recipient vessels must be undertaken with a precise tech-
nique to ensure successful fl ap perfusion. A suboptimal micro-
surgical technique will encourage thrombus formation at the 
site of the anastomosis, which can lead to fl ap failure.

Postoperatively, these patients must be nursed in heated rooms 
(>70°F) and be kept well hydrated (to ensure maximal perfusion 
of the fl ap) and also pain free to minimize sympathetically 
driven vasoconstriction. Regular assessment with accurate 
recording of respiratory and hemodynamic parameters is essen-
tial for optimal recovery; oxygen saturation, respiratory rate, 
pulse rate, systemic blood pressure, temperature, and hourly 
urine output measurements must all be recorded. Any deviation 
from normal values or changes in trends should be identifi ed 
and acted upon promptly. An accurate, noninvasive measure of 
fl uid balance in patients undergoing free fl ap surgery is urine 
output, which should be a minimum level of 0.5–1 ml/kg/hr to 
maintain hyperdynamic circulation within the fl ap.

Free Flap Monitoring
Monitoring perfusion of the free fl ap is absolutely vital for 
early detection of any signs that indicate a failing fl ap. Clinical 
assessment is one of the most accurate and reliable methods 
but must be carried out by trained nursing staff. Clinical signs 
that are readily assessable on inspection include the color and 
capillary refi ll times. Palpation of the fl ap will allow assessment 
of temperature and turgor as well as the presence of swelling or 
hematoma, either of which could cause external compression 
of the fl ap’s pedicle, especially the vein. As these fl aps contain 
perforating vessels that reach the skin, clinical assessment can 
be supplemented by the use of a handheld Doppler probe to 
auscultate arterial and venous signals from the perforators.



17THE PRINCIPLES OF BREAST RECONSTRUCTIVE SURGERY

(A)

(B)

(C)

Figure 51.6 Nipple reconstructions: (A) Prosthetic nipple—a 57-year-old woman who had previously undergone right immediate LD fl ap and expandable implant 
reconstruction. (B) C-V fl ap nipple reconstruction—Pre- and postoperative images of a 49-year-old woman following C-V fl ap nipple reconstruction undertaken 
6 months after her initial implant-only breast mound reconstruction. No adjuvant radiotherapy was needed. (C) Double-opposing tabs method of nipple 
reconstruction—a 39-year-old patient was referred to the Cambridge Breast Unit for a second opinion regarding management of local tumor recurrence. She 
required LD fl ap chest wall reconstruction and insisted on implant replacement and simultaneous contralateral revision breast augmentation. Nipple reconstruc-
tion was achieved with double-opposing tabs, an ideal solution for patients with high oblique scars. Abbreviations: LD, Latissimus dorsi.

The use of AlloDerm RTM (predominantly in United States) 
has raised the suggestion that it may have a protective effect 
on adverse capsular contracture (90) although a recent meta-
analysis suggests that ADMs may be associated with higher com-
plication rates overall compared with implant-only reconstruction 
(91). Further long-term outcome reports are awaited.

This option may prove useful in those patients who do not 
want a complex free fl ap procedure and want to avoid harvest 
of the LD muscle. It combines the relative simplicity of an 
implant-only reconstruction but allows for total coverage 
of the prosthesis and encourages a more natural-looking 

implant-based reconstruction. Its place in breast reconstruc-
tion has yet to be established.

NAC Reconstruction
Often the fi nal stage in breast reconstruction is NAC. As an 
alternative to a prosthetic nipple (Fig. 51.6A), reconstruction 
of the NAC can be carried out surgically with autologous 
grafts or local fl aps.

Some surgeons will prefer to undertake this as part of the 
breast reconstruction procedure; the main advantage of this 
approach being that it reduces the overall number of surgical 
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Figure 51.7 Contralateral balancing surgery: This 50-year-old woman underwent a left Lejour pattern mastectomy for DCIS and immediate reconstruction 
with an LD flap and expandable implant and a simultaneous contralateral balancing Lejour augmentation-mastopexy. Note that the postlactational atrophy has 
been corrected by implant augmentation of the contralateral breast to improve symmetry. The donor site scar is totally hidden when the patient is wearing a bra. 
Abbreviations: DCIS, Ductal carcinoma in situ; LD, Latissimus dorsi.
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procedures that the patient must undergo. However, NAC 
reconstruction at the same time as the breast reconstruction 
should only be carried out if the reconstructive surgeon is con-
fi dent on the location of the ideal position for the NAC. This 
may be possible in the case of immediate reconstruction fol-
lowing skin-sparing mastectomy (92).

In the authors’ practice, NAC reconstruction is carried out 
once the primary reconstruction has settled into its fi nal position 
and the patient has completed any adjuvant treatment. Autolo-
gous breast reconstructions tend to sit proud on the chest wall 
initially and over the subsequent months develop a degree of 
ptosis (encouraged by massaging) until they rest in what will 
ultimately be their natural position. It is at this time that NAC 
reconstruction can be positioned with confi dence. This is usually 
3 months postoperatively or more than 6 months if the patient 
has received adjuvant radiotherapy.

Nipple reconstruction can be carried out either by the use of 
local tissue fl aps, such as the CV fl ap or double-opposing tabs 
(Figs. 51.6B, C), or by using free grafts (93). The CV fl ap tech-
nique is one of the commonly-used local fl ap procedures, and 
involves using a single C-shaped fl ap, and two V-shaped fl aps 
(or modifi cations thereof) that are sutured to each other to 
create the nipple. Grafts can be harvested from the opposite 
nipple (if it is large enough) or other sites such as the earlobe 
and labia. Grafts rely on receiving blood supply and nutrition 
from the recipient bed and hence there is a risk of graft failure 
with this technique. Local fl ap techniques, on the other hand, 
are more reliable in terms of vascularity but are prone to 
shrinkage with time. Hence these should be made at least twice 
the predicted size of the eventual nipple to allow for this 
change.

Often the reconstructed breast skin is insensate and nipple 
reconstruction can be undertaken without anesthetic. How-
ever, if required, a solution containing lidocaine and adrena-
line is the local anesthetic of choice.

Areolar reconstruction is often carried out with intra-
dermal tattooing although some surgeons do use full-
thickness skin grafts (e.g., from the inner thigh where the 
skin is often darker to mimic the darker pigmentation of the 
areola). If an autologous nipple reconstruction has been 
undertaken, it is sensible to wait for these surgical scars to 
heal before commencing tattooing (for a period of at least 3 
months). Decisions regarding which pigment to use are 
made in conjunction with the patient, and for unilateral 
reconstruction, it is based on the color of the contralateral 
NAC. Intradermal tattooing is generally a safe procedure 
with a low risk of complications, but patients must be 
warned of the need for multiple sessions to achieve the fi nal 
outcome; pigment retention and hence fading of color are 
highly variable and unpredictable (91). Any history of 
adverse reactions to tattoo pigment should be ascertained 
before starting this treatment.

The Contralateral Breast
Excellent results can be achieved for unilateral breast recon-
struction, but as previously mentioned, the ultimate goal is to 
achieve symmetry with the contralateral breast. In some cases, 
depending on the size and volume of the contralateral breast, 
this may not be possible without carrying out a balancing pro-
cedure. If a patient is displeased with their breast size and/or 
shape prior to reconstructive surgery, balancing surgery can be 

planned either at the same time as the primary reconstruction 
or at a later date. Options for symmetrizing surgery include 
breast augmentation, breast reduction, or uplift (mastopexy) 
surgery to the contralateral breast.

Careful planning of contralateral surgery may facilitate 
ipsilateral reconstruction. For example, a patient with large 
breasts, who might otherwise benefi t from reductional sur-
gery, may be able to undergo contralateral reduction and 
hence require a smaller fl ap size overall. This would be par-
ticularly useful in the case of a patient having autologous 
fl ap reconstruction but with a relative paucity of tissue at 
the desired donor site. A patient with signifi cant breast pto-
sis may desire an uplift, and skin-reducing mastectomy inci-
sions could be used on the reconstructed side and 
a mastopexy (with matching skin incisions) carried out 
contralaterally.

Similarly, in patients with small breasts, the reconstruction 
can be planned to incorporate contralateral augmentation 
should the patient desire a larger breast size (Fig. 51.7). There 
are several advantages of simultaneous contralateral surgery at 
the time of the primary reconstructive procedure; patients 
have symmetrization carried out under a single general anes-
thetic; it avoids waiting for a second procedure and allows for 
supervised training in such procedures.

summary
The techniques available for postmastectomy breast recon-
struction vary from comparatively simple implant-only–based 
reconstruction to complex microsurgical procedures utilizing 
the patient’s own tissues. The decision on choice of procedure 
is dependent on many factors including the wishes and expec-
tation of patients.

Early reconstructive procedures were limited in esthetic out-
comes and often resulted in suboptimal appearance. An 
important factor that has led to improvement in cosmetic out-
come is the evolution of techniques for extirpative surgery. 
The radical mastectomy of Halsted is rarely performed nowa-
days due to smaller tumor size at presentation and neoadju-
vant therapies. Preservation of local musculature and much of 
the breast skin envelope has left the reconstructive surgeon 
with more native tissue at their disposal, and improvements in 
reconstructive techniques have permitted more esthetic and 
natural forms of breast reconstruction.

In the absence of radiotherapy, implant-based reconstruc-
tion can yield excellent results for smaller-breasted women 
and is acceptable to many. For the more challenging breast 
reconstruction involving larger, more ptotic breasts and when 
radiotherapy is anticipated, autologous fl ap-based techniques 
are more appropriate. Moreover, reconstruction using the 
patient’s own tissues remains the current gold standard for 
breast reconstruction and is associated with superior cosmetic 
results that are maintained in the longer term.
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