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Fat grafting for the correction of facial defor-
mities was first introduced in the German lit-
erature in 1893.1 In 1895, Czerny reported 

the first case of fat grafting to the breast when he 
utilized an excised lipoma for breast reconstruc-
tion.2 Ninety years later, liposuction was intro-
duced by Illouz,3 thus allowing plastic surgeons 
to utilize harvested fat for grafting in both aug-
mentation and reconstruction.4–7 This revival was 
short lived, however, when the American Soci-
ety of Plastic and Reconstructive Surgeons con-
demned autologous fat grafting to the breast due 
to perceived impairment in cancer detection and 
a concern for increased cancer risk.8 Fat grafting 
for facial rejuvenation, however, continued to 
advance and9–11 fat transfer to the breast remained 
a popular area of research in Europe.12–14

In 2007, Coleman and Saboeiro15 published 
long-term follow-up of 17 fat grafting procedures 
to the breast with good cosmetic outcomes and 
normal postoperative mammogram findings. 
These works led the American Society of Plastic 
Surgeons to change its official position, stating 
that fat grafting may be considered for augmen-
tation and acquired defects from prior breast 
surgery,16 opening the door for today’s current 
clinical renaissance in fat grafting to the breast.

Today, fat grafting for breast reconstruction 
can be divided into small volume and large vol-
ume procedures. Small volume fat grafting is no 
longer controversial and has become common 
practice for step-off deformities and contour 

irregularities.17,18 More recent work has also elu-
cidated the viability and safety of large volume fat 
grafting for breast reconstruction. This article dis-
cusses the clinical applications as well as safety and 
efficacy of both small and large volume fat graft-
ing for breast reconstruction.

SMALL VOLUME FAT GRAFTING
While flap and implant-based reconstructions 

remain the primary methods of breast recon-
struction, autologous fat grafting has become a 
common tool for the correction of contour irregu-
larities.13,17,19–22 We believe that graft take is largely 
dictated by interstitial pressures, thus small volume 
reconstruction does not require elaborate process-
ing techniques. Based on the volume of fat required, 
we prefer to harvest the fat for small volume fat 
grafting with 10 cc syringes and process this fat by 
rolling on telfa. In order to better understand and 
correct contour irregularities with small volume fat 
grafting (less than 100 cc), Kanchwala et al.18 classi-
fied these deformities into 3 groups: step-off defor-
mities, intrinsic defects, and extrinsic defects.

Step-Off Deformities
Step-off deformities are defined as irregular 

contours created by the transition from the recon-
structed breast to the native chest wall. These defor-
mities are generally caused by an over-aggressive 
superior chest mastectomy excision, an inadequate 
amount reconstructive tissue in the upper pole, or 
a combination of both. The medial border of the 
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reconstructed breast is also frequently affected by 
this type of deformity. Correction of deformities in 
these areas are often paramount to the creation of 
an ideal reconstruction because they are visible in 
low-cut clothing and bathing suits.

In implant-based breast reconstruction, we 
prefer to preemptively address step-off deformi-
ties at the time of permanent implant placement. 
Lipoaugmentation is performed in the upper 
pole of the breast at the interface of the implant 
and the chest wall, as well as in the medial cleav-
age plane (Fig. 1). Limiting capsulotomies in 
these areas is critical to this technique to ensure 
that the transplanted fat remains outside of the 
implant pocket in a well-vascularized plane.

Intrinsic Defects
Intrinsic defects are caused by fat necrosis in 

flap reconstructions or rippling following implant-
based reconstruction. We address intrinsic defects 
caused by implant rippling by fat grafting in the 
subcutaneous plane between the skin and implant 
capsule. Blunt tip cannulas 19 gauge or large are 
utilized to ensure neither the capsule nor the 
implant are violated (Fig. 2).

Extrinsic Defects
Extrinsic defects caused by radiation, exten-

sive scarring, and postlumpectomy defects well 

to lipofilling. We utilize needle band release and 
lipofilling for these defects (Fig. 2). However, 
more conservative lipofilling for these defects is 
prudent because scarred or radiated tissue is less 
compliant leading to increased risk of fat necro-
sis or cyst formation.21 Thus, reconstruction of 
radiation defects need to be carefully performed 
to avoid necrosis and confusion with new breast 
lumps or calcifications.

MEGAVOLUME FAT GRAFTING IN 
RECONSTRUCTION

While small volume fat grafting was a natural 
extension from what we learned from facial fat 
grafting, the process associated with small volume 
fat grafting was not complex. The introduction of 
large volume (100—300 cc) and megavolume fat 
grafting to the breast (defined as greater than 300 
cc/breast) requires careful thought regarding the 
entire process. Specifically, the harvesting, purifi-
cation, and placement of the fat, along with recip-
ient-site modification are all critical in providing 
successful outcomes for the patients’ breasts and 
entire well-being. In general, utilizing mutli-hole 
cannula harvests with similar sized infiltrating can-
nulas is highly suggested in order to avoid block-
age and accidental bolus infiltration. Second, 
while there are many methods of purification 
and processing, the idea of gentle dehydration 

Fig. 1. A postmastectomy breast reconstruction patient with intrinsic and extrinsic defects fol-
lowing right total mastectomy and implant-based reconstruction (left). The defects breast cor-
rected with 30 cc of autologous fat grafting. Nine months postoperatively, the patient has good 
correction of these deformities (right).
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and tissue preservation should be obtained while 
maximizing efficiency in order to avoid lengthy 
operative times and subsequent increased mor-
bidity. For large and megavolume fat grafting, we 
prefer to harvest fat with standard suction-assisted 
liposuction, and purify the fat in 60 cc syringes 
in a hand-cranked centrifuge. In reconstructive 
surgery, we often face tight skin envelopes with 
inadequate soft-tissue lining; therefore, preexpan-
sion can facilitate larger fat graft volumes while 
identifying cicatricial adhesions that require nee-
dle band release. The most important variable 
in large volume fat grafting is the judgment and 
planning associated with infiltration. The idea by 
Del Vecchio and Del Vecchio23 of graft to capacity 
ratio ensuring adequacy of the recipient site and 
avoiding over filling is the key concept to success-
ful large volume fat grafting. The importance of 
not over grafting and avoiding fat necrosis, cyst 
formation, and volume loss are critical in this 
highly sensitive patient population.

In 2000, Khouri et al.24 introduced the BRAVA 
system for nonsurgical breast enlargement. While 

the system was originally introduced for nonsurgi-
cal breast enhancement, it opened the door for 
mega-volume grafting to the breast in both cos-
metic and reconstructive cases.25–27 While BRAVA 
claimed to increase capacity, upregulate growth 
factors, and increase the recipient-site vascular-
ity,28 it is clear that the most important value of 
BRAVA in megavolume fat grafting is the ability 
to increase the graft to capacity ratio, therefore 
allowing more fat to be safely infiltrated into the 
preexpanded recipient site. Ancillary techniques 
such as lipotumescence with subsequent needle 
band release of adhesions and restrictions were 
facilitated by BRAVA and megavolume fat grafting.

Determining the adequacy of infiltration and 
avoiding the deleterious effects of over infiltration 
are critical to successful megavolume fat grafting. 
Qualitative assessments such as assessing the sur-
rounding skin for peau d’orange, firmness of the 
surrounding breast, and resistance to further infil-
tration were complimented by quantitative assess-
ments such as monitoring interstitial pressure 
and 3D preoperative planning. Megavolume fat 

Fig. 2.  A right breast lumpectomy defect following whole breast irradiation (upper, left). This was treated with BRAVA (upper, right), 
aggressive needle band release, and 525 cc of autologous fat (lower, left). At 6 months follow-up, she has good correction of this 
defect (lower, right).
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grafting without BRAVA can also be successful, but 
with smaller volumes of infiltration over more ses-
sions due to reduced graft to capacity ratio. Lastly, 
it is important to keep in mind that fat is soft and 
has no expansile capabilities and thus should only 
be used as a passive soft-tissue filler.

Total Reconstruction
Total reconstruction is still not a common-

place procedure. The majority of megavolume 
reconstruction is still performed in combination 
with implants or flaps. Total breast reconstruc-
tion using total autologous fat is still uncommon 
but has been reported by Khouri et al.29 In their 
experience, 87 procedures were performed for 
immediate total breast reconstruction and 430 
were for delayed total breast reconstruction. 
Complete reconstruction required 2.8 proce-
dures on average for nonirradiated breasts and 
4.2 for irradiated tissues. The mean volume 
grafted per procedure was 225 cc per breast. 
Other smaller cohorts have shared similar prom-
ising results for total breast reconstruction using 
the BRAVA system.30

The major concern with mega-volume fat 
grafting has been fat necrosis; Chang et al.31 stud-
ied risk factors contributing to fat necrosis follow-
ing 170 autologous fat grafting procedures with a 
mean grafted volume of 336.9 cc. They found an 
overall fat necrosis rate of 32.9%, with a higher 
rate (47.8%) in irradiated breasts and a lower rate 
(30.6%) in nonirradiated tissue. They also found 
that necrosis was significantly more likely in grafts 
larger than 500 cc in volume.

Augmentation to Implant Reconstruction
Composite breast reconstruction utilizing tis-

sue expanders and implants, in combination with 
large or mega-volume fat grafting, is becoming a 
more common treatment plan for mastectomy 
reconstruction. We perform this technique by first 
placing tissue expanders in the standard submus-
cular fashion. At the time of permanent implant 
placement, we then perform large or mega-volume 
fat grafting using hand-cranked centrifuged fat in 
60 cc syringes to augment the upper pole of the 
breast, camouflage the upper edge of the implant, 
and narrow the cleavage plane (Fig. 3). In addition, 
direct-to-implant reconstruction with subsequent 
fat grafting is becoming increasingly more popular. 
Fat can be used to add thickness to thin mastec-
tomy flaps by grafting in the subcutaneous plane 
within the dermis. Subsequently, fat can be utilized 
between the dermis and the implant capsule or 
dermis and acellular dermal matrix if utilized.

Augmentation to Flaps
Mega-volume and large volume fat graft-

ing can also be beneficial for augmenting flap-
based breast reconstruction. In these patients, 
fat grafting can be used in a similar fashion as in 
implant reconstruction to camouflage the transi-
tion between the flap and the native chest wall. 
Additionally, fat grafting can be used to augment 
the overall volume of smaller flaps or failed flaps 
(Fig. 4). Some authors opt to fat graft potential 
flaps prior to free flap transfer32; however, more 
commonly, fat grafting is performed following 
flap reconstruction. Other groups have opted to 

Fig. 3. A breast reconstruction patient is pictured, prior to bilateral nipple-sparing mastectomy (left) and following full expansion 
of bilateral tissue expanders with full muscle coverage (center). At 16 months following placement of bilateral 370 cc, style 410 
MX breast implants and 85 cc of large volume fat grafting to the right breast, and 145 cc to the left breast, she has an excellent 
cosmetic outcome (right).
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perform primary fat grafting of the pectoralis mus-
cle and latissimus at the time of pedicled latissi-
mus dorsi flap reconstruction to replace the need 
for tissue expanders and implants as traditionally 
performed with latissimus flap reconstruction.33,34

Simultaneous Implant Exchange with Fat
Prosthetic breast implants for cosmetic or 

reconstructive use can lead to complications such 
as pain, tissue thinning, asymmetry, malposition, 
and capsular contracture. Traditionally, these 
problems were addressed with implant exchange, 
capsulectomy, capsulotomy, a change in implant 
plane, placement of acellular dermal matrix, 
implant removal and autologous flap reconstruc-
tion, or implant removal alone. In 2012, Del Vec-
chio35 introduced the concept of simultaneous 
implant exchange with fat (SIEF) as a new option 
for dealing with these complications. The tech-
nique as described in the original article by Del 
Vecchio utilizes the BRAVA system 2 weeks prior 
to surgery, although BRAVA is not today utilized 
in all cases. Fat is injected over the preexisting 
implant in the subcutaneous plane of the breast. 
The implant is then removed, lowering the inter-
stitial pressure, allowing for further fat injection in 
the subcutaneous breast plane. It should be noted 
that capsulectomy or capsulectomies are avoided 
to maintain the separation of the original implant 
pocket. In this cardinal work, Del Vecchio shares 
his experience with 4 patients with preoperative 
breast and implant volumes ranging from 341 to 
934 cc. Following SIEF, these patients obtained 
nearly identical breast volumes as measure on 

3D scans. Based on his experience and previ-
ously published work, Del Vecchio recommends 
a 2:1 ratio of fat transplantation to desired classic 
implant size (Fig. 5).26

Abboud and Dibo36 also performed large vol-
ume fat grafting immediately following implant 
removal. In this work, 160 breasts were prospec-
tively studied. Fat was harvested with power-assisted 
liposuction and decanted but not centrifuged or 
rolled. Following removal of the breast implants, 
the fat was injected into the subcutaneous tis-
sue using the power-assisted liposuction handle. 
The authors posit that sedimentation rather than 
centrifugation avoids compacting the fat, thus 
increasing the capacity of the recipient site and 
dispersing the fat and preventing it from coalesc-
ing. Additionally, power-assisted augmentation 
expands the recipient site via vibration and mul-
tilayer tunneling during fat injection. The mean 
injected volume was 420 cc per breast. With a cyst 
formation in 5.6% of breasts and a 2.5% infection 
rate, the large majority of surveyed patients indi-
cated satisfaction with the results.

Management of Complications
With experience, fat necrosis and cyst forma-

tion becomes less common. However, both are 
known complications of fat grafting. We prefer to 
drain cysts in the office under local anesthesia. We 
have had good outcomes with this technique with 
low recurrence. Larger areas of fat necrosis can be 
removed with liposuction or needle band release. 
These areas can then be later regrafted to correct 
any defects.

Fig. 4. Preoperative photographs of a failed left latissimus breast reconstruction (left), who underwent BRAVA preexpansion and 
2 rounds of fat grafting of 725 cc (center), and 465 cc. She then underwent placement of a 600 cc style 45 permanent implant (6 
month follow-up, lower right).
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Noncancer Reconstruction
The correction of tuberous breast deformi-

ties has traditionally required the use of breast 
implants or expanders. Recently, several authors 
published excellent, long-term reconstructive 
results with the use of autologous fat transfer.15,19,37 
Del Vecchio and Bucky26 saw an average volume 
increase of 106% in these patients with the use 
of the BRAVA system pre- and postgrafting and 
reported excellent results when combined with 
ancillary procedures such as nipple-areola reduc-
tions and percutaneous inframammary fold 
release. Similarly, lipo-augmentation also has the 
potential to radically change the management of 
Poland syndrome that has traditionally required 
latissimus flaps and implants or tissue expand-
ers for reconstruction.38,39 A number of studies 
have shown excellent results using lipo-augmen-
tation alone to reconstruct Poland syndrome 
patients.15,19,39,40 The treatment of pectus excava-
tum, which has historically required more inva-
sive procedures such as custom-designed silicone 
implants placement or the Nuss et al.41 or Ravitch 
procedures42 has also evolved due to fat grafting.43

SAFETY AND MONITORING

Cancer Monitoring and Detection
Structural changes to the breast occur with 

all breast surgery and are detectable on standard 
imaging.44–50 Research has been performed to 
characterize the mammographic changes after 

lipoaugmentation of the breast.51–53 Additionally, 
numerous long-term studies have evaluated and 
found fat grafting to the breast to be safe in the 
long term.29,54,55

In 2009, Illouz and Sterodimas56 published 
a 25-year retrospective review of his experience 
with fat-grafting in over 800 patients with preop-
erative mammograms. Patients were divided into 
3 groups: those with asymmetry after mastectomy 
and reconstruction, those with congenital breast 
asymmetry, and those requesting breast augmen-
tation. Over 600 of these patients underwent mam-
mography at 6 months and 1 year. Two hundred 
thirty of these patients had long-term (mean, 11.3 
years) follow-up with yearly mammography show-
ing mammography consistent with breast reduc-
tion surgery.56 In 2012, Rubin et al.57 compared 
the changes after breast reduction with those after 
fat grafting. Academic radiologists were blinded 
and given mammograms after either breast reduc-
tion or fat transfer. Scarring and masses requir-
ing biopsy were found to be significantly more 
common after breast reduction compared with 
fat transfer. BiRAD scores were also found to be 
higher after breast reduction.57

In combination, these studies suggest that fat 
grafting, when performed appropriately, does not 
obscure or alter breast imagining. Based on this 
body of research, the American Society of Plastic 
Surgeons has changed its official stance, stating, “fat 
grafting may be considered for breast augmenta-
tion and correction of defects associated with medi-
cal conditions and previous breast surgeries.”16

Fig. 5.  Preopeartive (left) and 6 months status post SIEF with removal of bilateral 350 cc saline 
breast implants and placement of 340 cc and 345 cc of autologous fat to the right and left breasts, 
respectively (right).
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Cancer Recurrence
One of the main concerns associated with fat 

grafting to the breast has been increased risk for 
breast cancer, as well as increased cancer recur-
rence. Several well-designed studies have allayed 
these worries. Krastev et al.58 performed a sys-
tematic review of the literature that found no 
differences in local regional recurrence rates in 
patients receiving autologous fat grafting follow-
ing mastectomy or breast-conserving therapy 
when compared with control groups. In 2015, 
Gale et al.59 performed a case-controlled study 
with 328 patients who received fat grafting follow-
ing treatment for breast cancer. They found no 
difference in local, regional, or distant recurrence 
rates when compared with controls with a mean 
follow-up of 88 months following cancer resection 
and 32 months following fat grafting. This was the 
case in both postmastectomy patients undergoing 
fat grafting and patients undergoing fat grafting 
for correction of defects following breast-conserv-
ing therapy.59

Khouri et al.29, reporting on their 7-year, mul-
ticenter experience with 488 patients undergo-
ing breast reconstruction with Brava-assisted fat 
grafting, found a locoregional recurrence rate of 
0.5% with an average follow-up time of 2.5 years. 
Numerous other reviews confirm similar low rates 
of locoregional recurrence following fat grafting 
for breast reconstruction.54,60–62 In summary, cur-
rent research suggests fat grafting for breast can-
cer reconstruction confers no addition risk for 
cancer recurrence.

CONCLUSIONS
Arguably, no plastic surgery technique has 

seen more evolution over the past 30 years as 
fat grafting. Lipoaugmentation has now become 
an essential tool for the reconstructive and aes-
thetic surgeon. The indications for small vol-
ume fat grafting to the breast have grown and 
evolved. Large volume fat grafting to the breast 
is becoming more common place and is remark-
able for revision reconstruction and improv-
ing the aesthetic results of our reconstructive 
patients. Despite demonstrated safety, any sur-
geon employing these techniques should be 
well-versed in cancer monitoring and recurrence 
following fat grafting to the breast. This article 
has summarized the research in fat grafting for 
breast reconstruction to allow the reader to be 
more comfortable when offering and utilizing 
the full potential of this technique for the ben-
efit of his or her patients.

Louis P. Bucky, MD
Pennsylvania Hospital

230 W. Washington Square, #101
Philadelphia, PA 19106
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