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Introduction

“As to the closure of the wound I should not care to say ‘Beware of 
the man with the plastic operation’.”—Halsted (1).

In 1907, when breast cancer was typically diagnosed at an 
advanced stage and surgery was the sole treatment, Halsted 
proposed the radical mastectomy and warned his colleagues 
against closing the breast wound “by any plastic method”. 
Halsted’s concern was understandable considering at that 
time local recurrence rates were greater than 50 percent 
and most surgeons had never seen a patient cured of breast 
cancer (1). Fortunately, we have seen incredible advances 

in our approach to breast cancer over the past century. 
The advent of radiation and hormonal therapies, breast 
cancer screening, typing of tumor receptors and genetic 
testing, now provide most patients with the hope for cure 
or avoidance of cancer altogether. Such advances have 
made quality of life much more important after treatment 
and have led to equally incredible advances in breast 
reconstruction, to the point where reconstructive goals 
have altered the way mastectomies are now performed. 
Over the last decade, the rate of breast reconstruction has 
increased by 75% with greater than 130,000 reconstructions 
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performed in the United States in 2020 alone.
With increased survival after breast cancer, the 

importance of the aesthetic outcome and quality of life after 
treatment has similarly increased. Mastectomy leads to an 
undeniable disruption of a patient’s connection with their 
femininity, as well as severe psychosocial distress, and a 
dramatic effect on sexual well-being (2,3). A shift towards 
patient-centered care has motivated plastic surgeons to 
adapt their approaches to reconstruction integrating 
aesthetic principles to the process of recreating a breast 
mound in order to provide patients with a long-term, 
natural, and optimal result.

Microsurgery unlocked the potential to move tissue from 
remote sites on the body to the breast, while minimizing 
morbidity. However, as experience and expertise in 
microsurgery has grown, the surgical feat of successfully 
transferring tissue to restore breast volume is no longer 
considered an adequate endpoint for aesthetic breast 
reconstruction. Microsurgical tissue transfer should provide 
patients with a permanent, natural feeling and natural 
appearing breast reconstruction that may even exceed the 
aesthetics of a patient’s natural breasts. These aesthetic 
goals should also extend to the donor site, where adequate 
contour improvement is sought to offset the price of the 
donor site scar and the morbidity is minimized.

In this article we will explore some of the approaches and 
considerations in achieving optimal aesthetics in autologous 
reconstruction. We will focus on the deep inferior epigastric 
perforator (DIEP) flap as this is the most common 
technique in use, however these principles may also be 
applied to other flaps.

Preoperative assessment

Aesthetic breast reconstruction begins with a thorough 
preoperative assessment, history, and physical exam. It is 
important to identify existing asymmetries between breasts 
including volume, nipple position, and inframammary fold 
height. The underlying chest contour and skeletal structure 
can also distort breast symmetry and should be examined 
carefully and taken into consideration. Deformities such 
as pectus excavatum or carinatum can create severe breast 
asymmetry (4). Prior surgeries or radiation may impact 
blood supply and affect the viability of breast skin as well as 
the incision planning. Donor site contour, scars, tissue laxity 
and tissue thickness are also assessed to determine adequacy 
for breast restoration.

Breast footprint

Blondeel et al. discussed the importance of identifying the 
footprint of the breast on the chest wall in achieving an 
aesthetic reconstruction (5). There is significant variability 
in the size of the breast footprint depending on a patient’s 
body habitus, chest diameter, and height. However, there 
are common anatomic landmarks that represent the borders 
of the footprint. The breast footprint typically starts near 
the sternal border and gently curves upward toward the 
upper chest several centimeters below the clavicle. The 
upper limit can be visualized by gently pushing upward on 
the breast to see where the fullness ends. This transitions 
laterally across the lateral border of the pectoralis major 
muscle. The lateral extent of the breast may be harder to 
discern in obese individuals due to a fat roll that can exist 
here, but often a zone of adherence is present that can be 
seen as a slight indentation where the breast ends. This 
is sometimes more evident when the patient lies supine, 
and the breast falls laterally. When marking the lateral 
border, it is important to note that the lateral border should 
not extend beyond the mid-axillary line. Even if tissue is 
removed in this region, if the reconstruction extends too 
far laterally the patient will complain of fullness against 
their arm. Inferiorly, the footprint is delineated by the 
inframammary fold, which can be followed medially to 
a few centimeters from the sternal midline. Marking the 
borders of the breast and avoiding resection of tissue 
beyond the borders is important in achieving an optimal 
aesthetic outcome and ideally should be reviewed with the 
breast surgeon preoperatively (Figure 1).

The breast conus: approaches to restoring core 
projection of the breast

Critical to an aesthetic breast form is establishing adequate 
central prominence of the breast, what can be referred to as 
the “core projection” of the breast. Though implant-based 
reconstruction remains the most common method in the 
United States, patients report higher satisfaction following 
autologous reconstruction, owing to the softer and more 
natural feeling breasts it can provide (6). However, flap 
tissue may not have the inherent core projection that an 
implant has, so this must be addressed when considering 
the reconstruction. After reviewing with the patient their 
desired breast volume, the surgeon must assess the donor 
site to ensure enough tissue is available to achieve these 
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goals. Volume must be considered in the context of the 
base dimensions or “footprint” of the breast as well as its 
adequacy to fill the skin envelope and attain a desirable 
nipple position. 

There are several techniques that can be employed 
to enhance core projection of the flap itself depending 
on whether the reconstruction is unilateral or bilateral 
and whether it is immediate or delayed. One approach 
is to simply tuck the corners of the flap inward at the 
inframammary fold to round the bottom of the flap and add 
some projection. Another entails a purse string type suture 
underneath the breast or around the periphery of the flap to 
cinch the circumference and thus increase projection (7,8). 
Certain flaps, such as the transverse upper gracilis (TUG) 

flap may also be designed in a manner that will allow for 
folding upon itself. These techniques require adequate flap 
width, in addition to flap volume, in order to maintain the 
breast footprint while achieving core projection.

For patients with inadequate donor site tissue to achieve 
an aesthetic result from a single flap, stacked flaps may 
be considered. For patients undergoing unilateral breast 
reconstruction, stacked DIEP flaps are often used, however 
stacked thigh flaps are another popular alternative. In 
the case of stacked DIEP flaps, this may be configured as 
two separate flaps or as a single, dual-pedicled flap that 
is folded to provide increased projection (Figure 2). In 
cases of bilateral reconstruction, a four-flap technique can 
be used (9). In this method, DIEP flaps can be stacked 
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Figure 1 Preoperative markings of breast footprint. (A,B) Patient has well defined breast borders. Inframammary incision is marked below 
the fold to drop the fold and recruit lower pole skin to accommodate a larger breast volume. (C,D) Patient has poorly defined lateral breast 
border that merges with lateral axillary fat roll.
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Figure 2 Patient with unilateral breast reconstruction with stacked DIEP flaps. (A,B) Preop front and side views. (C,D) Postop front 
and side views after dual-pedicled folded DIEP flap and postop radiation. No revisions. (E) Intraoperative view of bilateral deep inferior 
epigastric pedicles anastomosed to left internal mammary vessels. DIEP, deep inferior epigastric perforator. 
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with profunda artery perforator (PAP) flaps, TUG flaps 
or lumbar artery perforator (LAP) flaps on each side. 
Patient reported outcomes have revealed that overall levels 
of satisfaction in four-flap reconstruction are similar to 
bilateral DIEP reconstruction, despite the additional donor 
site. Additionally, for patients undergoing DIEP plus PAP 
reconstruction, a majority of patients report an aesthetic 
improvement in the contour of their thighs (10).

If this is not possible with the available donor sites, then 
additional maneuvers must be considered. The introduction 
of an implant to autologous reconstruction, termed hybrid 
reconstruction, can provide additional volume when the 
flap is inadequate. The traditional hybrid approach is the 

combination of the latissimus dorsi flap with an implant, 
however patients are burdened with a less aesthetic 
scar location and the potential for animation deformity. 
Additionally, the majority of the volume is provided by 
the implant in this hybrid approach, with the latissimus 
providing coverage that often atrophies and contracts 
with time. In recent years, there is growing practice of 
combining DIEP flaps, instead of the latissimus flap, with 
an implant. This allows for better soft tissue coverage, 
avoidance of muscle sacrifice and a more easily concealed 
scar. Additionally, in the DIEP flap and implant approach, 
the majority of the volume is provided by the flap, while 
the implant serves to increase the core projection and 

Figure 3 Case of hybrid DIEP and implant reconstruction. (A) Preop with laterally displaced submuscular implants. (B) Implant wrapped 
in ADM. (C) View of prepectoral implant inset medially in left breast pocket. (D) Postop with DIEP flaps over the implants re-establishing 
medial border of the breast footprint. DIEP, deep inferior epigastric perforator; ADM, acellular dermal matrix. 
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improve the shape of the breast (Figure 3). With a higher 
volume of fat superficial to the implant, the risk of atrophy 
and rippling is significantly lower when compared to the 
latissimus flap. Studies have shown that this approach is 
safe and does not increase the risk of mastectomy skin flap 
necrosis (11). The use of acellular dermal matrix (ADM), to 
support the implant in position under a flap has been adopted 
from its use in prepectoral breast reconstruction (12). More 
recently, our group has described the Hybrid Prepectoral 
Acellular Dermis (HyPAD®) technique and presented our 
experience using thicker pieces of ADM alone, to add core 
projection to the flap, thus avoiding the need for an implant 
(Figure 4) (13). This method has allowed for volume 

stability overtime, while also protecting the vascular pedicle 
should the patient desire further augmentation at a later 
stage of reconstruction. 

Skin envelope and nipple-areolar complex (NAC) 
position

Management of the skin envelope has changed greatly 
over time due to improved screening and genetic testing to 
identify patients at early-stage disease or even before they 
develop cancer; improved adjuvant treatments that have 
decreased our reliance on aggressive surgery, improved 
survival that has increased the emphasis on quality of life 

Figure 4 Case of HyPAD® reconstruction. (A) ADM folded and sutured. (B) Side view of ADM. (C) ADM size relative to 140 cc implant. (D) 
CT scan demonstrating added projection from ADM under DIEP flap. ADM, acellular dermal matrix; CT, computed tomography; DIEP, 
deep inferior epigastric perforator. 
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after treatment and advances in reconstructive techniques 
that have raised the overall standard for aesthetic outcomes 
after surgery. One of the first changes was increasing the 
preservation of the skin envelope, which was followed 
by preservation of the NAC (14). With preservation 
of the NAC, attention turned to scar location with the 
inframammary approach gaining in popularity, due to its 
lower associated risk when compared to Wise pattern or 
periareolar technique (15,16). More recently, minimally 
invasive approaches using endoscopic and robotic 
techniques have developed to further reduce and hide the 
scar.

The patient’s skin envelope plays a critical role in the 
final shape of the breast. As evidenced by the natural 
progression of aging skin, the quality of the breast envelope 
plays a key role in maintaining the breast volume in the 
appropriate position. Of course, a history or plan for future 
radiation can affect the quality of the skin envelope leading 
to a tighter pocket. While irradiated skin is certainly at 
higher risk of wound-healing complications, oftentimes 
radiation has an unexpected effect of tightening the 
envelope and creating a higher and lifted breast mound, 
resembling a more youthful shape that some patients prefer.

Proper position of the skin envelope and NAC may be 
facilitated sometimes by simply using adhesive dressings 
to reposition the breast skin and nipple position on 
the underlying flap. Excess inferior skin may be de-
epithelialized and imbricated or excised depending on 
the adequacy of blood supply to the remaining breast 
skin. More significant cases of volume skin mismatch or 
NAC malposition may need to be addressed in a staged 
fashion (discussed below). Preliminary breast reduction or 
mastopexy may be performed, if oncologic considerations 
allow, and can facilitate matching the skin envelope and 
NAC position with the volume available or desired for the 
reconstruction. Previously, free NAC grafting was used in 
patients that presented as oncologic candidates for nipple 
sparing mastectomy (NSM), however had a great degree of 
ptosis leading to an anatomic limitation (17,18). The staged 
breast reduction/mastopexy approach has gained significant 
popularity over free NAC grafting, avoiding the difficulty 
of determining NAC positioning at time of primary 
reconstruction. 

 

Donor site selection

Since Hartrampf first popularized the rotational transverse 
rectus abdominis myocutaneous flap (TRAM), the use of the 

lower abdominal tissue for autologous breast reconstruction 
has been the gold standard (19). Allen went on to describe 
the DIEP flap in 1994, which quickly became the clear first 
choice in microvascular breast reconstruction (20). In regard 
to aesthetics, many women have an excess of skin and fat 
in the infraumbilical region and are enthusiastic about the 
prospect of contouring their abdomen. Subsequent advances 
in microsurgical technique led to a more thoughtful 
approach to donor site selection, with an emphasis on 
minimizing morbidity, reliable vasculature and of course, 
reproducibility. 

For patients with a history of abdominal surgery or 
those with insufficient abdominal tissue to recreate an 
aesthetically appropriate breast mound, the gluteal and 
thigh regions have emerged as the most popular second 
choice. Much like the abdominal donor site, the progression 
of flaps in these areas, namely the superior gluteal artery 
perforator (SGAP) flap, inferior gluteal artery perforator 
(IGAP) flap, then TUG flap, and most recently the PAP 
flap, illustrate the evolution in donor site location and 
design (21). The gluteal flaps (SGAP, IGAP) may have 
the unwanted effect of creating a concavity in the buttock. 
More recently, the LAP flap has allowed surgeons to move 
the flap location above the buttock to a region where the 
resulting scar may be more visible but the concavity in the 
donor site is more aesthetically acceptable. Flaps harvested 
from the inner thigh (TUG, PAP) can have the welcome 
effect of contouring the inner thigh, however one must 
avoid labial spreading by marking the upper border of 
the flap 1–2 cm inferior to the groin crease and ensuring 
a tension free closure by tacking down to Colles fascia. 
If more tissue is required than can be obtained with the 
traditional transverse flap design, a fleur-de-lis flap design 
may allow additional volume to be taken without increasing 
the tension on the transverse closure. This technique adds 
additional central flap volume by taking a central vertical 
limb of tissue with the flap. The scar is well concealed, 
however, the T-junction it creates can be prone to minor 
dehiscence (22). The added central volume also allows for 
improved breast shaping and reduces the need to extend the 
transverse scar too far anteriorly or posteriorly (22). The 
traditional TUG and PAP flaps can also be coned to provide 
improved shape to the breast mound as long as the base 
width of the breast is not too wide (23).

Staging and revision procedures

The purpose of the principal operation is to achieve a 
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shape as close to a normal breast as possible, establishing 
the borders of the breast footprint and recreating the core 
projection. However, the best aesthetic outcome cannot 
be achieved in a single stage. These secondary procedures 
typically occur at least 3 months postoperatively when 
the flap edema and inflammation have subsided and scars 
have matured, and the reconstructive effort can be judged 
as a whole, taking into account both the breasts and the 
donor site. The potential adjunct procedures that are often 
considered include nipple reconstruction, scar revisions, 
volume adjustments, liposuction, fat grafting or shape 
corrections. 

The NAC serves as the central landmark of the breast. 
NAC reconstruction is an integral part of the breast 
reconstruction process, as its restoration has a critical 
psychological impact on the patient and symbolizes the 
culmination of their reconstructive journey. The goal of 
reconstruction is symmetry in position, size, shape, texture, 
color, and projection (24,25). Various methods of nipple 
reconstruction have been described with local flaps and 
areolar tattooing being the most popular to date. The 
most challenging aspect of nipple reconstruction is loss of 
projection over time. To account for this, overcorrection by 
25–50% is advisable. If nipple augmentation is necessary, 
autologous fat grafting has been used (26). 

One of the major shifts in breast reconstruction has been 
preservation of the NAC at the time of mastectomy. For 
the appropriately selected patient, NSM is oncologically 
safe and can provide an exceptional aesthetic result. The 
indications for NSM have expanded over the years, with 
inflammatory breast cancer and malignancy involving the 
nipple being the only absolute contraindications, making it 
safe for both breast cancer patients and those with genetic 
mutations seeking prophylactic mastectomy (27). While this 
has provided plastic surgeons with the potential to achieve 
the most natural appearing reconstructive outcomes, it 
also may present certain challenges, in particular, when 
the existing NAC location is not in the ideal location for 
the reconstruction. In that case, surgeons have two options 
to consider. If the patient is undergoing prophylactic 
mastectomies or their tumor is amenable to an oncoplastic 
resection, a mastopexy or breast reduction may be performed 
initially, followed by mastectomy as a second procedure 
10–12 weeks later. Some surgeons have performed the 
mastectomy at shorter intervals of 3 to 4 weeks, however, we 
have had a few instances of nipple loss with that approach 
so opt for a longer interval (Figure 5) (28,29).

The other options are to adjust the NAC position as 

best as possible at the time of nipple-sparing mastectomy 
and autologous reconstruction, and then come back 
10–12 weeks later to revise the skin envelope and NAC 
position secondarily. Compared to implant reconstruction, 
autologous breast reconstruction has the advantage of 
revascularizing the overlying breast skin and NAC. This 
allows the plastic surgeon to comeback 10–12 weeks later 
to circumscribe and reposition the NAC and excise excess 
breast skin in a mastopexy type fashion, as long as the NAC 
maintains a blood supply from the underlying flap (Figure 6).

While attention is often focused on optimizing breast 
symmetry and aesthetics, donor site aesthetics cannot 
be overlooked. For patients undergoing DIEP flaps, the 
location of the abdominal scar and umbilicus remains a 
point of dissatisfaction amongst patients (30). The umbilicus 
is the focal point of the abdomen and a critical aesthetic 
landmark, determining the overall cosmetic outcome 
and patient satisfaction. The approach to umbilical inset 
should take into consideration abdominal flap thickness and 
length of the umbilical stalk. Ultimately, the characteristics 
that define an aesthetically pleasing umbilicus is a vertical 
orientation, with superior hooding and inferior retraction 
and slope (31,32). This can be accomplished with an 
inverted-V umbilicoplasty (33). When appropriate, the 
inverted-V flap on the abdomen can be anchored to the 
fascia creating an inferior slope. This method also avoids 
a circumferential scar which is prone to contracture 
and can be a distinguishing mark of abdominoplasty. 
Circumferential defatting of the abdominal flap also creates 
a natural peri-umbilical indentation. The appropriate 
location of the umbilicus is a highly debated topic; however, 
the anterior superior iliac spine is a generally agreed 
upon reference point (34-36). In our practice, we usually 
pull the umbilicus slightly upward to separate it from the 
transverse scar and align it in the midline. In addition to the 
umbilicus, lower abdominal scar revisions are a common 
request amongst patients (30). As a result of the shift away 
from the TRAM flap towards DIEP, harvesting less rectus 
muscle, rates of abdominal bulge and hernia have decreased 
significantly, with focus now on optimizing abdominal 
closure (37). Avoiding step-off deformities and lateral dog-
ears are critical in the aesthetic outcome of the abdominal 
wall. A difference in upper and lower flap thickness can 
cause a visible step-off. This can be avoided by performing 
a tapered sub-scarpal resection at time of flap harvest. In the 
second stage, any residual step off can be liposuction as can 
any prominence of the mons region to provide an improved 
aesthetic contour. Lateral dog ears can be revised by direct 
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Figure 5 Case of staged nipple-sparing mastectomy. (A) Preoperative view. (B) After left oncoplastic reconstruction and right balancing 
reduction. (C) After bilateral mastectomies and DIEP flaps. (D) After revision to remove skin monitors and standing cutaneous deformities. 
DIEP, deep inferior epigastric perforator.

excision in conjunction with liposuction of the flanks 
to provide a smooth transition between the area of skin 
resection and the lateral flank region. For buttock or thigh 
donor sites, a combination of suctioning and fat grafting can 
help reduce contour irregularities as seen in Figure 6.

Conclusions

Over the last two decades, breast reconstruction has seen 
considerable advances, permitting flap success rates of above 
99%. As microsurgery becomes standard practice across the 

country and the number of breast reconstructions continues 
to rise, the focus appropriately shifts towards patient-
centered care. The aesthetics of breast reconstruction is 
a vital outcome measure that translates directly to patient 
satisfaction. By understanding the critical elements to 
restoring a shapely breast, utilizing strategies for optimizing 
the NAC position, incorporating novel techniques to ensure 
core projection, and paying attention to the donor site, the 
skilled microsurgeon can elevate breast reconstruction to 
the level of true aesthetic surgery where the reconstructed 
result may surpass the presurgical appearance. 
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