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Abstract Background: Autologous fat grafting (FG) is a popular technique for soft-tissue aug- 
mentation, but the fat survival rate is unpredictable. Platelet-rich plasma (PRP) has emerged 
as an adjuvant to enhance fat graft survival. 
Objectives: This literature review and meta-analysis aimed to investigate the effect of PRP on 
the survival rate of fat grafting. 
Methods: A comprehensive systematic literature search was done to identify clinical studies 
on PRP and fat cotransplantation in PubMed, Cochrane Library, Web of Science, and EMBASE 
databases up to May 2020. The reference lists of selected articles were reviewed to identify 
any additional related articles. A meta-analysis was conducted to compare PRP + FG and con- 
ventional FG in terms of fat graft survival rate, patient satisfaction rate, and recovery time 
after surgery. 
Results: Eleven studies consisting of 1125 patients were analyzed. Patients were followed up 
from 3 to 24 months post-FG. The fat survival rate varied from 20.5% to 54.8% in FG alone and 
from 24.1% to 89.2% in the PRP + FG groups. The survival rate was significantly higher and re- 
covery time was significantly lower in the PRP + FG group than in the FG alone group. However, 
there was no significant difference in the patient satisfaction rate between the groups. 
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Conclusions: This study demonstrates that PRP-enhanced fat transplantation has better effi- 
cacy than conventional fat grafting. Further studies are required to provide the optimum con- 
centration of PRP and the long-term efficacy of the technique. There is not enough evidence 
to compare the rate of complications with PRP and fat cotransplantation and conventional fat 
grafting. 
© 2021 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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ntroduction 

utologous fat grafting (FG) is a popular procedure in plastic 
nd cosmetic surgery employed both for soft tissue recon- 
truction as well as augmentation. Among its advantages are 
n abundant source, ease of accessibility and harvesting, 
ersatility, and nonimmunogenicity. 1 , 2 Studies have high- 
ighted the widespread use of fat grafting, 2 including for 
issue defect contouring, scar softening, 3-5 and improving 
brosis. 6 

Despite its versatility and other advantages, the most 
hallenging issue limiting autologous FG is its unpredictable 
urvival rate. 7 Long-term graft resorption rates have been 
eported as high as 90%. Hypoxia and the consequent build- 
p of reactive oxygen species (ROS) have been reported as 
he most common causes of fat necrosis and subsequent vol- 
me loss of grafted fat tissue. 8 , 9 

Although passive diffusion and perfusion of nutrients 
rom the surrounding tissue appears to be the initial source 
f nutrition for grafted fat, 10 adequate neovascularization 
ay be an equally important prognostic factor in graft sur- 
ival. 11 , 12 Fat grafts that are well vascularized have been 
hown to display higher retention rates. 13-15 Given this back- 
round, strategies that interfere with the detrimental ef- 
ects of ROS and improve neovascularization can augment 
at grafting. 
2 
In a clinical setting, these effects can be controlled with 
n adjuvant using various methods proposed to improve fat 
raft survival. Several products, which include platelet-rich 
lasma (PRP), platelet-rich fibrin (PRF), and stromal vascu- 
ar fraction, have been tested in combination with fat to 
mprove the retention rate through enhanced neovascular- 
zation. 16 , 17 The optimal technique, however, remains con- 
roversial. 18-21 

PRP and PRF are autologous sources of concentrated 
latelets, growth factors, and cytokines used widely in 
egenerative medicine. 22-24 More recently, autologous PRP 
nd PRF have been reported to significantly enhance an- 
iogenesis and thus survival of grafted fat. 25-28 Numer- 
us studies have been performed to evaluate the ef- 
ect of these adjuvants, but results have differed and 
re, hence, inconclusive. 29 , 30 Therefore, there is a lack 
f consensus on the overall clinical efficacy of these 
odalities. 
To date, no meta-analysis has sought to investigate the 

linical studies that utilize FG adjunct with PRP. We, there- 
ore, performed this meta-analysis to investigate the clin- 
cal efficacy of cotransplanting PRP for improving fat graft 
urvival. Patient satisfaction and recovery time, defined as 
he number of days that passed before patients considered 
hemselves able to return to work or to restart social activ- 
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ethods 

earch Strategy 

his meta-analysis was performed in accordance with the 
referred Reporting Items for Systematic Reviews and Meta- 
nalyses (PRISMA) reporting guidelines for the conduct 
f meta-analysis of intervention trials 31 (PRISMA Check- 
ist, available as Supplementary material 1 at www. 
estheticsurgeryjournal.com ). A review protocol was regis- 
ered with the International Prospective Register of System- 
tic Reviews (PROSPERO: CRD42020185632). The Cochrane, 
UBMED, Web of Science, and EMBASE electronic databases 
ere screened from their inception to May 2020. Both “free- 
ext terms” and “MeSH term” searches were run sequen- 
ially to capture all papers in which PRP was coadministered 
ith fat. Search terms included various combinations of the 
ollowing keywords as detailed in the Supplementary ma- 
erial 2 : “platelet-rich plasma,” “PRP,” “platelet concen- 
rate(s),” “platelet-rich fibrin,” “PRF,” “fat graft(s),” “fat 
ransfer,” “fat injection(s),” “mixed,” “method(s),” “ex- 
raction,” “preparation,” “activated,” “human,” and “au- 
ologous.” Only English language studies were considered 
or review. The reference lists of selected articles from 

atabases were reviewed as well to identify any additional 
elated articles that may have not been found through the 
atabase searches. 

nclusion and Exclusion Criteria 

he inclusion criteria were cohort studies, case series, ran- 
omized controlled trials, and case-controlled studies in 
hich: (a) the study subjects were human patients who had 
ndergone soft tissue augmentation or filling with autolo- 
ous fat grafting, (b) a control group was included in which 
atients were treated with FG alone, and (c) primary out- 
omes, including fat graft survival and/or patient satisfac- 
ion rate and/or recovery time were reported. 
Our exclusion criteria were as follows: (a) studies in 

hich the outcomes, including fat graft survival, patient 
atisfaction, and recovery time were not provided or could 
ot be calculated or (b) studies that did not provide original 
ata such as reviews, letters, and conference abstracts. If 
 single study sample was used in more than one study, the 
atest reference was selected for the meta-analysis. 

After excluding duplicates, all identified studies under- 
ent a two-stage article selection process independently 
ompleted by two reviewers (MW and MK). Data were im- 
orted into Microsoft Excel 2020 (Microsoft, Redmond, WA). 
itles and abstracts were first screened to identify poten- 
ially relevant studies. The full manuscripts of articles that 
assed through the first stage were then evaluated accord- 
ng to the inclusion and exclusion criteria. Any inconsisten- 
ies between the two reviewers were resolved by consensus 
r consultation with a third reviewer (ACP). 

ssessment of Risk of Bias of Included Studies 

wo authors (MW and MK) independently assessed the in- 
luded studies using the Cochrane risk of bias tool, 32 which 
3 
ncludes Random sequence generation (selection bias), allo- 
ation concealment (selection bias), blinding of participants 
nd personnel (performance bias), blinding of outcome as- 
essment (detection bias), incomplete outcome data (attri- 
ion bias), selective reporting (reporting bias), and other 
ources of bias. Disagreement between the two reviewers 
as resolved by consensus or by a third review author. 

tatistical Analysis 

his meta-analysis was performed using RevMan (Review 

anager V5.3) and Stata 15.1 software (Stata Corporation, 
ollege Station, TX). Fat graft survival rates and recovery 
ime were transformed into estimates of weighted mean 
ifference (WMD) with its 95% confidence interval (95% 

I). Patient satisfaction was transformed into estimates of 
dds ratio (OR) with its 95% CI. Cochran’s Q statistic and I 2 

est were used to analyze heterogeneity among individual 
tudies. 33 If significant heterogeneity was identified (P < 

.05 or I 2 > 50%), a random effects model was used to 
alculate the combined effect value. Otherwise, a fixed 
ffects model was used to combine the data. Recovery 
ime was defined as the number of days that passed before 
atients considered themselves capable to return to work 
r to restart social activities. 

ubgroup Analysis 

ubgroup analysis was performed by stratifying fat graft sur- 
ival rates according to the recipient sites. 

ensitivity Analysis 

 leave-one-out sensitivity analysis was performed by iter- 
tively removing 1 study at a time and calculating the WMD 

r summary OR for the remaining studies, to confirm that 
ur findings were not driven by any single study. 

esults 

rimary Studies Included in the Literature 

eview 

 flow chart of the literature search is shown in Fig. 1 . A
otal of 895 articles were originally identified in PubMed 
n = 166), EMBASE (n = 260), Web of Science (n = 449),
nd the Cochrane library (n = 18). After removing duplicate 
rticles (n = 854), 41 articles were left of which 12 articles 
ere found to be irrelevant and excluded upon reviewing 
he titles and abstracts. After the full text was reviewed, 
8 more articles were excluded. No article was included 
pon manual search. Finally, 11 articles were included in 
he meta-analysis. 

ain study characteristics and risk of bias in 

ncluded studies 

he baseline characteristics of the included studies are 
hown in Table 1 . Among the included articles, there were 

http://www.aestheticsurgeryjournal.com


M
.
 W

u,
 M
.
 Karvar,

 Q
.
 Liu

 et
 al.

 

A
R

T
IC

L
E

 IN
 P

R
E

S
S

 

JID
:
 P

R
A

S
 

[m
6
+

;
 Ju

ly
 7

,
 2

0
2
1
;1

5
:2

4
 ]
 

Table 1 Baseline characteristics of the included studies 

Study, year, 
country 

Type, 
LOE 

Application FU, 
months 

VMM Group No. of cases Age (years) Gender 
(M/F) 

FSR(M ±
SD%) 

PS RT (M ±
SD days) 

Comp. 

Cervelli, 
2009, 
Italy 

P, 2 Facial soft 
tissue defects 
& low 

extremity 
ulcers 

18 Photo PRP + FG 35 NR NR 70 ± 5 NR NR 0 

FG 10 NR NR 30 ± 3 NR NR 0 
Cervelli, 
2013, 
Italy 

R, 2 Different soft 
tissue defects 
& lower 
extremity 
ulcers 

12 MRI and 
Ultrasound 

PRP 
(different 
concentra- 
tions) + FG 

40 36.6 
(18-75) 

NR 62.5 ± 9.04 NR NR NR 

FG 10 30 ± 3 NR NR NR 

Chandarana, 
2009, 
Canada 

P, 2 Facial soft 
tissue defects 

6 MRI PRP + FG 6 52 2/4 69 ± 12 NR NR 0 

FG 6 52 4/2 43 ± 17 3 fat 
liquefaction 

Gentile, 
2012, 
Italy 

P, 2 Breast 
reconstruction 

12 MRI and 
Ultrasound 

PRP + FG 13 19-60 0/100 69 ± 5 NR NR NR 

FG 10 39 ± 3 NR NR NR 
Gentile, 
2013, 
Italy 

P, 2 Breast 
reconstruction 

12 MRI and 
Ultrasound 

PRP + FG 50 19-60 0/100 69 ± 5 NR NR NR 

FG 50 39 ± 3 NR NR NR 
Gentile, 
2014, 
Italy 

P, 2 Facial scars 12 MRI and 
Ultrasound 

PRP + FG 10 21-69 5/5 69 ± 3 NR NR NR 

FG 10 NR NR 39 ± 3 NR NR NR 

( continued on next page ) 
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Table 1 ( continued ) 

Study, year, 
country 

Type, 
LOE 

Application FU, 
months 

VMM Group No. of cases Age (years) Gender 
(M/F) 

FSR(M ±
SD%) 

PS RT (M ±
SD days) 

Comp. 

Sasaki, 
2015, 
USA 

C, 3 Facial soft 
tissue defects 

12 3D Vectra 
Analysis 

PRP + FG 105 62.1 
(19-77) 

5/105 68.5 ± 39.5 NR NR 0 

FG 82 60.5 
(58-63) 

3/89 NR NR 0 

Sasaki, 
2019, 
USA 

C, 3 Facial fat 
grafting 

12 3D Vectra 
Analysis 

PRP + FG 10 (self- 
control) 

54.4 0/10 24.1 ± 10.3 NR NR 0 

FG 20.5 ± 0.8 NR NR 0 
Hand fat 
grafting 

12 3D Vectra 
Analysis 

PRP + FG 10 (self- 
control) 

89.2 ± 87.2 NR NR 0 

FG 54.8 ± 53.8 NR NR 0 
Study, year, 
country 

Type, 
LOE 

Application FU, 
months 

VMM Group No. of cases Age, years Gender 
(m/f) 

FSR (M ±
SD%) 

PS RT (M ±
SD days) 

Comp. 

Sadati, 
2006, 
USA ̂ 

R, 2 Breast, face, 
trunk, and 
extremity fat 
grafting 

6-12 NR PRP + FG 448 NR NR NR 403 NR NR 

FG 132 NR NR NR 66 NR NR 
Salgarello, 
2011, 
Italy ̂ 

R, 2 Breast fat 
grafting 

9 
(3-16) 

NR PRP + FG 17 NR 0/17 NR 4 NR 7 fat 
necrosis 

9 
(3-24) 

FG 25 NR 0/25 NR 7 NR 2 fat 
necrosis 

Willemsen, 
2014, 
Netherlands ∗

R, 2 Facial fat 
grafting 

3 NR PRP + FG 18 35-65 0/18 NR NR 13.2 ±
6.4 

NR 

FG 25 0/25 NR NR 18.9 ±
8.5 

NR 

Willemsen, 
2018, 
Netherlands ∗

RCT, 2 Facial fat 
grafting 

12 NR PRP + FG 13 51.73 
(38-62) 

0/13 NR NR 14.87 ±
4.604 

0 

FG 12 52.5 (42-63) 0/12 NR NR 20.57 ±
6.61 

0 

^ Studies included in the patient satisfaction analysis. 
∗ Studies included in the recovery time after surgery analysis.LOE: level of evidence; FU: follow-up; VMM: volumetric measurement method; MRI: magnetic resonance imaging; PRP 

platelet-rich plasma; FG: fat grafting; BMI: Body mass index; M: male; F: female; FSR: fat survival rate; PS.: Patients satisfaction rate; RT: recovery time; Comp.: complications; R: 
retrospective cohort; P: prospective cohort; C: case-controlled study; RCT: randomized controlled trials; and NR: none reported. 
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Figure 1 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow chart, depicting study selection. 
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our prospective studies, 34-37 two case-controlled studies, 
8 , 39 four retrospective studies, 40-43 and one randomized 
ontrolled trial 44 with a total of 1125 patients. Face and 
reast were the two main recipient sites that were included 
n the meta-analysis. Patients were followed up from 3 to 
4 months post-FG. A risk-of-bias graph and a summary in 
upplementary material 3 were prepared to depict the 
ochrane bias parameters against which the studies were 
ssessed. 

eta-analysis of fat graft survival and patient 
atisfaction rates 

he fat graft survival rate was reported in seven studies 
 Figure 2 A). Fat survival rate varied from 20.5% to 54.8% in 
G alone and 24.1% to 89.2% in PRP + FG groups. Significant 
eterogeneity in this variable was observed among individ- 
al studies (I 2 = 94%, P < 0.001); hence, the random effects 
odel was used to pool estimates of fat survival rate. The 
at survival rate in the PRP group was significantly higher 
han that of control group by 29% (WMD = 0.29, 95% CI 0.23 
6 
o 0.34; P < 0.001). When analyzing only the higher qual- 
ty papers (the papers with low risk of bias as assessed with 
he Cochrane tool) in the sensitivity analysis, the conclusion 
emained unchanged, suggesting the stability of the meta- 
nalysis ( Figure 2 B). 
Patient satisfaction was reported in two studies 

 Figure 3 A). Sadati et al . 41 presented the results using a cat-
gorical rating system consisting of five categories based on 
he degree of satisfaction with the outcome (i.e., excellent, 
etter than expected, as expected, less than expected, and 
o change). Another study by Salgallero et al . 42 used a scor- 
ng scale consisting of five ascending grades from 1 to 5 
grade 1, no result obtained; grade 2, poor improvement; 
rade 3, fair visible result; grade 4, good result that almost 
atisfies the volume and result expected; and grade 5, ex- 
ellent result). As a cut-off point between the positive and 
egative categories was easily identifiable in both of these 
tudies, to standardize the scales, scores were divided into 
wo distinct categories: satisfied and dissatisfied. These two 
ategories were defined as follows: “Excellent,” “Better 
han expected,” and “As expected” categories in the study 
f Sadati et al . 41 and grades 4 and 5 in the study done by Sal-
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Figure 2 Fat survival rate after PRP-assisted fat grafting (PRP + FG) and conventional fat grafting (FG). (A) Forest plots of the 
analysis of the retention rate in PRP + FG when compared with FG alone and (B) Sensitivity analysis. 

Figure 3 Forest plots of the analysis of (A) patient satisfaction and (B) recovery time after surgery in PRP + FG when compared 
with FG alone. 

g
o
H
n
m
w
t
t

i
s
w
s
g  

0

S

S
b
F

Table 2 Subgroup analysis for fat survival rate 

Subgroup N WMD (95% CI) P a P h I 2 (%) 

Breast 2 0.30 [0.29, 0.31] < 0.001 1.00 0 
Face 4 0.26 [0.13, 0.40] < 0.001 < 0.001 97 
Others 2 0.33 [0.29, 0.36] < 0.001 0.95 0 

P
c  

P  

P  

C

D

C
i
e
m

arello et al . 42 were considered as satisfied and remainder 
f categories in both studies were deemed as dissatisfied. 
eterogeneity among individual studies was statistically sig- 
ificant (I 2 = 90.0% and P = 0.001), and the random effects 
odel was used to pool data on patient satisfaction. There 
as no significant difference between the PRP + FG and con- 
rol groups in patient satisfaction (OR = 2.93, 95% CI 0.27, 
o 31.89; P = 0.38). 
Recovery time after surgery was reported in two stud- 

es ( Figure 3 B). Heterogeneity among individual studies was 
imilar (I 2 = 0.0%, P = 1.00), and the fixed effects model 
as used to pool data on recovery time. Recovery time was 
ignificantly lower in the PRP as compared to the control 
roup by 5.07 days (WMD = -5.07, 95% CI -8.87 to -2.53; P <
.001). 

ubgroup analysis 

ubgroup analysis for fat retention rate was performed 
y stratifying according to the recipient site ( Table 2 and 
igure 4 ). A significant difference was found between the 
7 
RP and control groups in terms of recipient sites which in- 
lude the breast (WMD = 0.30, 95% CI from 0.29 to 0.31, and
 < 0.001), face (WMD = 0.26, 95% CI from 0.13 to 0.40, and
 < 0.001), and other parts of the body (WMD = 0.33, 95%
I from 0.29 to 0.36, and P < 0.001). 

iscussion 

otransplantation of autologous PRP and fat has become an 
nteresting technique in soft tissue reconstruction. Clinical 
ffectiveness and safety of this combination, however, re- 
ain controversial. 28 , 35 , 36 , 42 , 45-47 This study attempted to 
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Figure 4 The subgroup analysis based on the recipient site. Forest plots of fat graft (FG) survival rates in PRP + FG when compared 
with FG alone according to the recipient site. 
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ystematically investigate the clinical efficacy of cotrans- 
lantation of PRP and fat in comparison to conventional FG 

n soft tissue reconstruction. In total, 11 articles were in- 
luded in this meta-analysis, which demonstrated that as 
ompared to the traditional FG technique, cotransplanta- 
ion of PRP and fat had a significantly higher fat graft sur- 
ival rate. Moreover, the recovery time after surgery was 
ignificantly lower in these patients. However, no signifi- 
ant difference between the PRP + FG and control groups 
n terms of patient satisfaction was identified. 

PRP is a concentration of platelets in blood plasma that 
s typically derived from whole blood through centrifuga- 
ion. 48 PRP contains substantial amounts of growth factors, 
ost importantly angiogenic factors, and its cotransplanta- 
ion with fat grafts may enhance neovascularization in the 
ecipient site, which ultimately improves fat graft survival. 
n addition, PRP can act as a source of nutrients at the early 
tages of fat transplantation when passive diffusion of ma- 
erials from the surrounding tissue is the primary source of 
utrition for the grafted tissue. PRP is autologous and bio- 
ompatible and can be utilized immediately without the re- 
uirement of complex preconditioning procedures. 21 , 46 , 49 , 50 

n addition, PRP has been shown to be anti-inflammatory, 
ptimizing fat graft retention by minimizing inflammation 
nd edema, both of which have been shown to increase re- 
orption of fat grafts. 51 PRP’s anti-inflammatory properties 
re believed to be largely due to two of its constituent fac- 
ors: hepatocyte growth factor and tumor necrosis factor α
oth of which are known to downregulate the proinflamma- 
ory transcription factor NF-kB, 52 an effect that may con- 
ribute to the significantly increased fat graft survival iden- 
ified in this study. 
Although both animal experiments and clinical studies 

ave highlighted the promising effect of PRP in fat grafting, 
he methodologies used in such studies vary significantly. 
his inconsistency in the methodology is important, partic- 
larly because the current evidence suggests that method- 
logical factors are critical determinants of PRP quality and 
G outcomes. 53-56 Further evidence from high quality studies 
s warranted to address these methodological disparities in 
he context of fat grafting. The results of our meta-analysis 
8 
re in agreement with those of a recent meta-analysis fo- 
using on animal studies showing that PRF combined with 
G may improve the survival rate and microvessel density 
f the grafted tissue. In their study, no statistically signif- 
cant difference was seen between the effects of PRF and 
RP on fat graft survival rate. 57 

trengths and Limitations 

ur study, as other reviews and meta-analyses, carries limi- 
ations. First, there are currently very few high-quality clin- 
cal studies examine the efficacy of PRP-enhanced fat and 
hus, only a small number of studies was included. In addi- 
ion, these studies used different methods of fat graft sur- 
ival measurement (including MRI, ultrasound, or 3D Vectra 
nalysis), PRP extraction, activation as well as concentra- 
ion. All included studies used Coleman fat grafting; how- 
ver, some used purified SVF and ADSCs. We extracted data 
nly from PRP + FG groups when performing the meta- 
nalysis. This methodological heterogeneity was not taken 
nto consideration when this meta-analysis was performed 
ecause of the lack of adequate data. 
Inclusion of only English language studies increased our 

tudy’s publication bias as potential studies published in 
ther languages may have been excluded. Finally, as identi- 
ed in other meta-analyses, the quality of a meta-analysis 
annot supersede the quality of the studies it includes. 58 , 59 

herefore, given that four included studies were retrospec- 
ive nonrandomized case-control studies, and only one was 
 randomized-controlled study; the included studies carry 
nherent bias, such as selection bias. 

Despite these limitations, this study is, to the best of our 
nowledge, the first to summarize and analyze the clinical 
vidence on the efficacy of PRP-enhanced fat grafting, in 
erms of fat graft survival, length of recovery postsurgery, 
nd satisfaction rate. We analyzed recent studies, including 
ne study from 2018 and one from 2019. In addition, our 
esearch followed the PRISMA guidelines. 31 Finally, we uti- 
ized the Cochrane risk of bias tool to assess the quality of 
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he studies, and to perform a sensitivity analysis to verify 
ur results. 

onclusion 

umerous methods have been proposed to enhance the clin- 
cal outcomes of autologous fat grafting, but there currently 
xists no consensus on the optimum technique. PRP has of- 
ered new potential for the optimization of fat graft sur- 
ival. In summary, this study suggests that PRP-enhanced 
G is superior to conventional FG as it not only improves 
at graft survival rate, but also lowers recovery time. To 
he best of our knowledge, this is the first meta-analysis on 
he effect of PRP on fat graft survival in clinical settings. 
onetheless, our results must be verified through future 
ell-designed, randomized controlled studies that evaluate 
RP’s optimal concentration and combination ratio, safety 
rofile, and long-term clinical efficacy. 
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