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A
utologous fat possesses many qualities of 
an ideal filler, including its lack of immu-
nogenicity, abundant supply, relatively low 
cost, and potential for durable results. The 
practice of transferring fat to repair body 

contour irregularities is more than a century old. Initial 
fat transfer techniques utilized excised whole grafts, and 
injectable grafts soon followed.1 With the advent of lipo-
suction, many clinicians saw an opportunity in utilizing 
the fat they removed as a graft to correct other irregu-
larities elsewhere in the body. Several investigators have 
reported short-term and long-term viability of transferred 
fat.2-7 Despite promising results, however, there are still 
concerns regarding the overall viability of transferred 

fat.8-10 Although autologous fat grafting remains a valu-
able technique for volume and contour correction, there 
is justifiable caution due to the paucity of evidence-based 
literature that addresses optimal techniques and long-
term outcomes. 

TECHNIQUES
Harvesting 
There are a number of considerations in determining the 
donor site for a fat transfer procedure, such as the avail-
ability of adipose tissue, patient and surgeon preference, 
and ease of accessibility. Common sites for harvesting 
donor tissue include the abdomen, thighs, and buttocks. 
A survey of practice patterns shows that the most com-
mon harvest site is the abdomen11; however, available 
experimental evidence indicates that no site offers signifi-
cantly improved survival over another.12,13 

Syringe aspiration, vacuum extraction, and surgical 
excision of fat have all been promoted in the literature 
as effective harvesting techniques. Syringe aspiration 
frequently is chosen because it minimizes trauma to 
adipocytes during extraction. Using this technique, prac-
titioners can manually control the vacuum suction pres-
sure that is employed. Various types of cannulas in a 
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variety of sizes have been used,14-18 primarily selected to 
minimize mechanical damage to the graft; however, none 
have been demonstrated to be superior.

The evidence concerning conventional liposuction for 
grafting is inconclusive. Nguyen et al19 found that the 
high pressure in conventional liposuction caused up to 
90% of adipocytes to rupture, and Pu et al20 reported 
that adipocytes from conventional liposuction aspirates 
demonstrated decreased cellular function. However,  
von Heimburg et al21 found that liposuction aspirates 
demonstrated a higher rate of viable preadipocytes, which 
may play an important role in the viability of the graft.

Harvesting fat cores by cutting off the tip of a 1-cc 
syringe (with an internal diameter of 4.5 mm) and attach-
ing a sharp steel sleeve has been endorsed.22 Although no 
physiologic mechanism has been elucidated, it has been 
speculated that this method minimizes mechanical dam-
age to the fat cells and their associated vasculature. An 
animal model demonstrated that the fat cores had a better 
overall survival rate than aspirated fat.22 Fat cores may be 
employed in numerous areas of the face but not in areas 
where minimal volume replacement is required, such as 
the periocular region. When the diameter of the graft is 
greater than 3 mm, graft size is inversely proportional to 
survival, indicating the importance of using either small 
or aspirated grafts.23

Graft Handling and Preparation
Preparation of the graft prior to injection continues to 
be a matter of debate, largely subject to expert opinion. 
Even simple variables such as air exposure remain con-
troversial. Aboudib Júnior et al24 reported that up to 50% 
of lipocytes undergo lysis even with minimal exposure to 
air, while Ramon et al25 reported that grafts exposed to air 
and towel drying exhibited similar, if not better, results 
than grafts not exposed to these variables. 

Various procedures have been advocated to purify 
donor fat grafts prior to injection; some of the most 
popular are filtration and cleansing26 as well as centrifu-
gation.4,27-30 Piasecki et al31 noted a small but statistically 
significant (P,.05) improvement in adipocyte survival 
and viability in an in vitro mouse model after the combi-
nation of collagenase digestion, centrifugation, and wash-
ing; however, the clinical significance of this finding is 
uncertain, as others have shown a lack of subjective or 
objective improvement in vivo with centrifuged fat versus 
washed and filtered fat without centrifugation.26 It remains 
unclear if these additional steps are necessary for optimal  
clinical outcome.

Numerous exogenous factors, such as collagenase, thy-
roxine, insulinlike growth factor 1, and basic fibroblast 
growth factor, have been shown to improve graft viability 

in mouse models.31,32 The application of these modifica-
tions to harvested fat in human subjects remains a mat-
ter of investigation. Although theoretically intriguing, 
the clinical impact of injecting growth factors into trans-
planted adipocytes in humans is uncertain. 

Regardless of the purification techniques used, up to 
50% of grafted fat will not survive.33 For this reason, there 
have been numerous attempts to preserve harvested fat, 
allowing for repeated grafting without additional har-
vesting procedures. Although some methods for cryo-
preservation of fat have had reasonable experimental 
success,34-38 others have demonstrated poor viability of 
adipose tissue after storage, particularly if cryoprotectants 
are not used.39,40

Recipient-Site Anesthesia
Anesthesia at the recipient site may be administered via 
local injection or nerve blocks. Nerve blocks usually are 
preferred because they do not substantially alter the con-
tour of the recipient site prior to injection. If local injec-
tion is used for anesthesia, a ring block is preferred over 
direct injection in the recipient site. Local anesthesia with 
lidocaine and epinephrine does not appear to notably 
affect adipocyte viability.41

Recipient-Site Injection
To optimize graft survival, damage to recipient tissue 
should be minimized. Blunt-tipped cannulas or small 
needles typically are employed; some authors contend 
that injection with a blunt-tipped cannula minimizes the 
risk for hematoma formation, but others prefer use of a 
needle because no incision site is necessary for the injec-
tions.5,14,42-45 Injection is performed only during with-
drawal of the cannula or needle. 

Common to virtually all techniques is an emphasis on 
maximizing the surface area of grafted fat so that its inter-
action with the vascular supply at the recipient site can 
be maximized. Injection of fat typically is performed with 
deposition of small amounts of fat via multiple passes.44 
A fanning-out technique also has been described.1 As an 
alternative, Nordstrom et al14 advocated the “spaghetti” 
technique, which involves depositing 3-mm grafts in tun-
nels that do not touch one another. Although volume loss 
is common after the procedure, the amount varies among 
patients and recipient sites; therefore, most clinicians do 
not advocate overfilling the recipient site in anticipation 
of future volume loss. 

INDICATIONS AND EVIDENCE
At this time, indications for and evidence in favor of 
autologous fat transfer are mostly based on case series, 
case reports, and expert opinions. 
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Fat Graft Survival 
Despite remarkable positive clinical experience with fat 
grafts, there is limited quality experimental evidence 
to prove that transferred fat survives. Peer46 concluded 
more than 50 years ago that approximately half of the 
fat cells in grafted tissue survive. Fagrell et al22 compared 
fat graft survival rates of various methods of harvesting 
fat in New Zealand white rabbits. In this study, aspirated 
fat grafts lost approximately 60% of their weight after  
6 months.22 Using a cell-labeling technique in rats, Rieck 
and Schlaak47 demonstrated variable survival rates when 
fat was transferred to different recipient sites; when fat 
was injected into subcutaneous tissue, a 30% survival rate 
was noted at 6 months, but when fat was injected into 
muscle, only a 6% survival rate was noted at 6 months.  

Case series often describe satisfactory results, but 
quantitative data addressing the percentage of short-
term and long-term fat viability are lacking. Hörl et al48 
used magnetic resonance imaging to document vol-
ume changes after autologous fat graft survival for cor-
rection of facial defects. A reduction in graft volume of  
approximately 50% was demonstrated at 3 months, 
increasing to 55% at 6 months, and remaining stable 
thereafter until 12 months after reimplantation.48 Meier 
et al49 utilized 3-dimensional imaging to obtain quanti-
tative volume measurements after autologous fat grafting 
to the midface. After a mean follow-up of 16 months, 
approximately 32% of the injected volume remained.49

Facial Augmentation
Facial augmentation through fat transfer dates back 
to 1926 when Miller50 described cosmetic benefits in 
36 patients; however, this method did not become an 
increasingly popular means of modifying the face until 

the 1980s. The aging face loses subcutaneous fat volume 
and adding volume to the face results in a more youthful 
appearance.51 In addition, contour irregularities that are 
secondary to medical diseases are amenable to correction 
with autologous fat transfer. Positive clinical experiences 
have been reported in patients with Parry-Romberg 
syndrome52,53; lipoatrophy associated with human immu-
nodeficiency virus (Figure 1)54; idiopathic hemifacial 
lipoatrophy (Figure 2)55; acne scarring56; and defects 
associated with trauma, infection, and surgery.57 

Breast Augmentation and Reconstruction
Autologous fat transfer now is being explored 
as an alternate or adjuvant to breast implantation.  
Indications identified in the literature include micromas-
tia, tuberous breasts, Poland syndrome,58 postaugmenta-
tion deformity,59 nipple reconstruction,60 postlumpectomy 
or postmastectomy,61 and postradiation deformity.62 
An evidence-based literature review performed by the  
American Society of Plastic Surgeons revealed that only  
8 of 283 autologous fat grafting procedures for breast and 
nipple augmentation and reconstruction were deemed 
unsuccessful, and only 7 showed no improvement.63

Other Indications
Successful experiences with fat transfer for lip augmenta-
tion,64 cleft lip and nose reconstruction/augmentation,65 
reversal of aging hands,66,67 gluteal augmentation,68-70 and 
penile enlargement71,72 also have been published. 

Benefits
Harvesting fat from areas such as the abdomen, buttocks, 
or thighs provides an inexpensive filler material for cor-
rection at other sites, which compares favorably with the 

Figure 1. Lipoatrophy associated with human immunodeficiency virus with substantial temporal fat loss before treatment (A). Improvement is 
noticeable immediately after autologous fat transfer (B).  
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relatively costly fillers that are commercially available. 
There also is the secondary benefit of fat removal from 
sites with unwanted excess. Additionally, there is no risk 
for allergenicity or foreign body reactions,73 and transferred 
adipose tissue may become integrated with the tissue at the 
recipient site, with the potential for permanence.

Risks
Similar to other surgical procedures, the risks and compli-
cations of autologous fat transfer appear to be related to 
the surgeon’s technique and experience. Documentation of 
adverse events from autologous fat transfer is largely lim-
ited to scattered case reports and a few case series. 

Figure 2. Idiopathic hemifacial lipoatrophy before (side view, A; front view, B) and immediately after autologous fat transfer with marked 
improvement in symmetry (side view, C; front view, D). Twelve months postprocedure, persistent improvement was demonstrated but with  
mild volume loss compared to immediately postprocedure (E).  
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Infection—As with all invasive procedures, there is a risk 
for infection. Most reported cases have been bacterial in 
nature, predominantly of the staphylococcal species, and 
have resolved with antibiotic therapy alone.74-76 However, 
a case of septic shock was reported following fat trans-
fer.75 Rare cases of delayed mycobacterial infection also 
have been documented,77 which may occur from inocula-
tion of open incisions at the donor site with contaminated  
tap water. 

Bleeding—Cases of both hematoma and seroma have 
been reported in association with autologous fat trans-
fer70,74,78; however, no cases of unusual or severe bleeding 
have been reported.

Loss or Hypertrophy of Volume and Contour Irregularities—
Suboptimal cosmetic outcomes may occur during 
removal or placement of fat grafts. Contour irregularities 
can develop at both harvest and graft sites. For this rea-
son, it is preferred that donor sites are in exercise-resistant 
areas so that exercise-induced fat loss does not exacer-
bate or uncover contour irregularities in the remaining 
adipose tissue. Graft volume loss secondary to necrosis 
or reabsorption is a leading cause of suboptimal results; 
however, hypertrophy of grafts also has been reported in 
several case studies, occurring as late as 10 years after the  
initial procedure.1,79 

Interference With Breast Cancer Detection—The use of 
autologous fat transfer as a means of breast augmentation 
initially was taboo from fear induced by a statement issued 
by the American Society of Plastic and Reconstructive 
Surgeons in 198780 based on concerns that calcifica-
tions and lumps, which can occur from fat necrosis in 
autologous fat grafts, would obscure breast cancer detec-
tion; however, it should be noted that these same changes 
can occur with other breast surgeries, including breast 
biopsy,81 implant procedures,82-84 breast reduction,85 breast
reconstruction,86,87 liposuction,86 and radiation therapy.88 
A recent study by Veber et al89 concluded that post–fat graft-
ing changes were noted in less than 50% of mammograms 
and overall breast density was not significantly changed. 
The study also showed that radiographic follow-up was not 
more difficult after fat transfer, causing them to conclude that 
radiographic follow-up of breasts following fat grafting is not 
problematic and should not be a hindrance to autologous fat 
transfer procedures. They also encouraged further study of 
the issue in larger groups of patients.89

Other Complications—Few serious complications from 
autologous fat transfer have been published. Most notable 
is a case of cerebral fat embolism resulting in the death of a 
39-year-old patient immediately after facial fat injection.90 
Cases of central retinal artery fat embolism and blindness 
following fat injection also have been reported91,92 as well 
as a single case of lipoid meningitis.93

FUTURE INVESTIGATION
Randomized controlled trials in humans to evaluate dif-
ferent technical aspects of fat grafting are sorely needed; 
the optimal technique for fat grafting remains an issue 
dominated by expert opinion rather than reported evi-
dence. Further research also is needed on improving the 
viability of transferred adipocytes, possibly via the addi-
tion of growth factors, as well as long-term storage of 
donor tissue for future implantation.

Trials assessing short-term and long-term volume 
improvement ideally should be conducted with quan-
titative measurements of volume changes; quantifying 
patient satisfaction also would be desirable. These trials 
should seek to provide safety information as well as effi-
cacy data. Concern about interference with breast can-
cer detection also requires further investigation. Finally, 
comparative trials with commercial fillers would be of 
substantial interest to clinicians who engage in the correc-
tion of contour irregularities on the face and elsewhere on  
the body. 

CONCLUSION
Autologous fat has been described as an ideal filler.4,8 
Numerous case series and case reports have documented 
successful outcomes, and fat transfer procedures continue 
to show promise in reconstructive and cosmetic areas, 
especially for the aging face and breast augmentation. 
This technique is a valuable tool for both plastic surgeons 
and dermatologists; however, there is the need to investi-
gate how to optimize the safety and efficacy of autologous 
fat grafting.
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