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KEYWORDS Abstract Background: Autologous fat grafting (FG) is a popular technique for soft-tissue aug-
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plasma, Fat survival as an adjuvant to enhance fat graft survival.

rate, Patient Objectives: This literature review and meta-analysis aimed to investigate the effect of PRP on
satisfaction, Recovery the survival rate of fat grafting.

time; Methods: A comprehensive systematic literature search was done to identify clinical studies
Meta-analysis 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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Introduction In a clinical setting, these effects can be controlled with

Autologous fat grafting (FG) is a popular procedure in plastic
and cosmetic surgery employed both for soft tissue recon-
struction as well as augmentation. Among its advantages are
an abundant source, ease of accessibility and harvesting,
versatility, and nonimmunogenicity.”? Studies have high-
lighted the widespread use of fat grafting,? including for
tissue defect contouring, scar softening,’* and improving
fibrosis.®

Despite its versatility and other advantages, the most
challenging issue limiting autologous FG is its unpredictable
survival rate.” Long-term graft resorption rates have been
reported as high as 90%. Hypoxia and the consequent build-
up of reactive oxygen species (ROS) have been reported as
the most common causes of fat necrosis and subsequent vol-
ume loss of grafted fat tissue.?°

Although passive diffusion and perfusion of nutrients
from the surrounding tissue appears to be the initial source
of nutrition for grafted fat,'® adequate neovascularization
may be an equally important prognostic factor in graft sur-
vival.' "2 Fat grafts that are well vascularized have been
shown to display higher retention rates.'*'> Given this back-
ground, strategies that interfere with the detrimental ef-
fects of ROS and improve neovascularization can augment
fat grafting.

an adjuvant using various methods proposed to improve fat
graft survival. Several products, which include platelet-rich
plasma (PRP), platelet-rich fibrin (PRF), and stromal vascu-
lar fraction, have been tested in combination with fat to
improve the retention rate through enhanced neovascular-
ization.'®" The optimal technique, however, remains con-
troversial.'®%!

PRP and PRF are autologous sources of concentrated
platelets, growth factors, and cytokines used widely in
regenerative medicine.?>?* More recently, autologous PRP
and PRF have been reported to significantly enhance an-
giogenesis and thus survival of grafted fat.?>?® Numer-
ous studies have been performed to evaluate the ef-
fect of these adjuvants, but results have differed and
are, hence, inconclusive.??:3° Therefore, there is a lack
of consensus on the overall clinical efficacy of these
modalities.

To date, no meta-analysis has sought to investigate the
clinical studies that utilize FG adjunct with PRP. We, there-
fore, performed this meta-analysis to investigate the clin-
ical efficacy of cotransplanting PRP for improving fat graft
survival. Patient satisfaction and recovery time, defined as
the number of days that passed before patients considered
themselves able to return to work or to restart social activ-
ities, were also evaluated.
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Methods

Search Strategy

This meta-analysis was performed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) reporting guidelines for the conduct
of meta-analysis of intervention trials®® (PRISMA Check-
list, available as Supplementary material 1 at www.
aestheticsurgeryjournal.com). A review protocol was regis-
tered with the International Prospective Register of System-
atic Reviews (PROSPERO: CRD42020185632). The Cochrane,
PUBMED, Web of Science, and EMBASE electronic databases
were screened from their inception to May 2020. Both “free-
text terms” and “MeSH term” searches were run sequen-
tially to capture all papers in which PRP was coadministered
with fat. Search terms included various combinations of the
following keywords as detailed in the Supplementary ma-
terial 2: “platelet-rich plasma,” “PRP,” “platelet concen-
trate(s),” “platelet-rich fibrin,” “PRF,” “fat graft(s),” “fat
transfer,” “fat injection(s),” “mixed,” “method(s),” “ex-
traction,” “preparation,” “activated,” “human,” and “au-
tologous.” Only English language studies were considered
for review. The reference lists of selected articles from
databases were reviewed as well to identify any additional
related articles that may have not been found through the
database searches.

” «

Inclusion and Exclusion Criteria

The inclusion criteria were cohort studies, case series, ran-
domized controlled trials, and case-controlled studies in
which: (a) the study subjects were human patients who had
undergone soft tissue augmentation or filling with autolo-
gous fat grafting, (b) a control group was included in which
patients were treated with FG alone, and (c) primary out-
comes, including fat graft survival and/or patient satisfac-
tion rate and/or recovery time were reported.

Our exclusion criteria were as follows: (a) studies in
which the outcomes, including fat graft survival, patient
satisfaction, and recovery time were not provided or could
not be calculated or (b) studies that did not provide original
data such as reviews, letters, and conference abstracts. If
a single study sample was used in more than one study, the
latest reference was selected for the meta-analysis.

After excluding duplicates, all identified studies under-
went a two-stage article selection process independently
completed by two reviewers (MW and MK). Data were im-
ported into Microsoft Excel 2020 (Microsoft, Redmond, WA).
Titles and abstracts were first screened to identify poten-
tially relevant studies. The full manuscripts of articles that
passed through the first stage were then evaluated accord-
ing to the inclusion and exclusion criteria. Any inconsisten-
cies between the two reviewers were resolved by consensus
or consultation with a third reviewer (ACP).

Assessment of Risk of Bias of Included Studies

Two authors (MW and MK) independently assessed the in-
cluded studies using the Cochrane risk of bias tool, > which

includes Random sequence generation (selection bias), allo-
cation concealment (selection bias), blinding of participants
and personnel (performance bias), blinding of outcome as-
sessment (detection bias), incomplete outcome data (attri-
tion bias), selective reporting (reporting bias), and other
sources of bias. Disagreement between the two reviewers
was resolved by consensus or by a third review author.

Statistical Analysis

This meta-analysis was performed using RevMan (Review
manager V5.3) and Stata 15.1 software (Stata Corporation,
College Station, TX). Fat graft survival rates and recovery
time were transformed into estimates of weighted mean
difference (WMD) with its 95% confidence interval (95%
Cl). Patient satisfaction was transformed into estimates of
odds ratio (OR) with its 95% Cl. Cochran’s Q statistic and I
test were used to analyze heterogeneity among individual
studies.?® If significant heterogeneity was identified (P <
0.05 or 1> > 50%), a random effects model was used to
calculate the combined effect value. Otherwise, a fixed
effects model was used to combine the data. Recovery
time was defined as the number of days that passed before
patients considered themselves capable to return to work
or to restart social activities.

Subgroup Analysis

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

Sensitivity Analysis

A leave-one-out sensitivity analysis was performed by iter-
atively removing 1 study at a time and calculating the WMD
or summary OR for the remaining studies, to confirm that
our findings were not driven by any single study.

Results

Primary Studies Included in the Literature
Review

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

Main study characteristics and risk of bias in
included studies

The baseline characteristics of the included studies are
shown in Table 1. Among the included articles, there were
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Table 1 Baseline characteristics of the included studies
Study, year, Type, Application FU, VMM Group No. of cases  Age (years) Gender FSR(M + PS RT (M &+ Comp.
country LOE months (M/F) SD%) SD days)
Cervelli, P, 2 Facial soft 18 Photo PRP + FG 35 NR NR 70+5 NR NR 0
2009, tissue defects
Italy & low
extremity
ulcers
FG 10 NR NR 30+3 NR NR 0
Cervelli, R, 2 Different soft 12 MRI and PRP 40 36.6 NR 62.5+9.04 NR NR NR
2013, tissue defects Ultrasound (different (18-75)
Italy & lower concentra-
extremity tions) + FG
ulcers
FG 10 30+ 3 NR NR NR
P, 2 Facial soft 6 MRI PRP + FG 52 2/4 69 + 12 NR NR 0
Chandarana, tissue defects
2009,
Canada
FG 6 52 4/2 43 +£ 17 3 fat
liquefaction
Gentile, P, 2 Breast 12 MRI and PRP + FG 13 19-60 0/100 69 +£5 NR NR NR
2012, reconstruction Ultrasound
Italy
FG 10 39+3 NR NR NR
Gentile, P 2 Breast 12 MRI and PRP + FG 50 19-60 0/100 69 +5 NR NR NR
2013, reconstruction Ultrasound
Italy
FG 50 39+3 NR NR NR
Gentile, P2 Facial scars 12 MRI and PRP + FG 10 21-69 5/5 69 +3 NR NR NR
2014, Ultrasound
Italy
FG 10 NR NR 39+3 NR NR NR

(continued on next page)
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Table 1 (continued)
Study, year, Application FU, VMM Group No. of cases  Age (years) Gender FSR(M £ PS RT (M £ Comp.
country months (M/F) SD%) SD days)
Sasaki, Facial soft 12 3D Vectra PRP + FG 105 62.1 5/105 68.5+39.5 NR NR 0
2015, tissue defects Analysis (19-77)
USA
FG 82 60.5 3/89 NR NR 0
(58-63)
Sasaki, Facial fat 12 3D Vectra PRP + FG 10 (self- 54.4 0/10 24.1£10.3 NR NR 0
2019, grafting Analysis control)
USA
FG 20.5 +0.8 NR NR 0
Hand fat 12 3D Vectra PRP + FG 10 (self- 89.2 £87.2 NR NR 0
grafting Analysis control)
FG 54.8 £53.8 NR NR 0
Study, year, Application FU, VMM Group No. of cases Age, years Gender FSR (M % PS RT (M + Comp.
country months (m/f) SD%) SD days)
Sadati, Breast, face, 6-12 NR PRP + FG 448 NR NR NR 403 NR NR
2006, trunk, and
USA extremity fat
grafting
FG 132 NR NR NR 66 NR NR
Salgarello, Breast fat 9 NR PRP + FG 17 NR 0/17 NR 4 NR 7 fat
2011, grafting (3-16) necrosis
Italy”
9 FG 25 NR 0/25 NR 7 NR 2 fat
(3-24) necrosis
Willemsen, Facial fat 3 NR PRP + FG 18 35-65 0/18 NR NR 13.2 + NR
2014, grafting 6.4
Netherlands*
FG 25 0/25 NR NR 18.9 + NR
8.5
Willemsen, Facial fat 12 NR PRP + FG 13 51.73 0/13 NR NR 14.87 + 0
2018, grafting (38-62) 4.604
Netherlands*
FG 12 52.5 (42-63) 0/12 NR NR 20.57 + 0
6.61

" 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.

four prospective studies,***” two case-controlled studies,
38,39 four retrospective studies,””* and one randomized
controlled trial** with a total of 1125 patients. Face and
breast were the two main recipient sites that were included
in the meta-analysis. Patients were followed up from 3 to
24 months post-FG. A risk-of-bias graph and a summary in
Supplementary material 3 were prepared to depict the
Cochrane bias parameters against which the studies were
assessed.

Meta-analysis of fat graft survival and patient
satisfaction rates

The fat graft survival rate was reported in seven studies
(Figure 2A). Fat survival rate varied from 20.5% to 54.8% in
FG alone and 24.1% to 89.2% in PRP + FG groups. Significant
heterogeneity in this variable was observed among individ-
ual studies (1> = 94%, P < 0.001); hence, the random effects
model was used to pool estimates of fat survival rate. The
fat survival rate in the PRP group was significantly higher
than that of control group by 29% (WMD = 0.29, 95% CI 0.23

to 0.34; P < 0.001). When analyzing only the higher qual-
ity papers (the papers with low risk of bias as assessed with
the Cochrane tool) in the sensitivity analysis, the conclusion
remained unchanged, suggesting the stability of the meta-
analysis (Figure 2B).

Patient satisfaction was reported in two studies
(Figure 3A). Sadati et al.*' presented the results using a cat-
egorical rating system consisting of five categories based on
the degree of satisfaction with the outcome (i.e., excellent,
better than expected, as expected, less than expected, and
no change). Another study by Salgallero et al.*? used a scor-
ing scale consisting of five ascending grades from 1 to 5
(grade 1, no result obtained; grade 2, poor improvement;
grade 3, fair visible result; grade 4, good result that almost
satisfies the volume and result expected; and grade 5, ex-
cellent result). As a cut-off point between the positive and
negative categories was easily identifiable in both of these
studies, to standardize the scales, scores were divided into
two distinct categories: satisfied and dissatisfied. These two
categories were defined as follows: “Excellent,” “Better
than expected,” and “As expected” categories in the study
of Sadati et al.*" and grades 4 and 5 in the study done by Sal-
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A PRP+FG FG Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI IV, Random, 95% CI
Cervelli 2009 0.7 0.05 35 0.3 0.03 10 15.1% 0.40 [0.38, 0.42] =
Cervelli 2013 0.625 0.0904 40 0.3 0.03 10 14.8% 0.33[0.29, 0.36] i
Gentile 2012 0.69  0.05 13 0.39 0.03 10 14.8% 0.30[0.27, 0.33] ol
Gentile 2013 0.69 0.05 50 0.39 0.03 50 15.4% 0.30[0.28, 0.32] "
Gentile 2014 0.69 0.05 10 0.39 0.03 10 14.6% 0.30 [0.26, 0.34] =
Sasaki 2015 0.685 0.395 106 0.383 0.129 92 11.7% 0.30[0.22, 0.38] —
Sasaki 2019-face 0.241 0.103 10 0.205 0.008 10 12.9% 0.04[-0.03,0.10] =
Sasaki 2019-hand 0.892 0.872 10 0.548 0.538 10 0.7%  0.34 [-0.29, 0.98] —

Total (95% Cl) 274 202 100.0% 0.29 [0.23, 0.34] k-3
Heterogeneity: Tau? = 0.00; Chi? = 122.89, df = 7 (P < 0.001); I = 94% _'1 _0' 5 0'5 i
Test for overall effect: Z = 10.26 (P < 0.001) : FG PRP+FG

B

Cervelli 2009

| Lower CI Limit

Cervelli 2013

Gentile 2012

Gentile 2013

Gentile 2014

Sasaki 2015

Sasaki 2019-Face

Sasaki 2019-Hand

e}

Meta-analysis estimates, given named study is omitted
OEstimate

| Upper CI Limit
|

0.21

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.

PRP+FG FG Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Sadati 2006 403 448 66 132 53.9% 8.96 [5.66, 14.18] —
Salgarello 2011 4 17 7 25  46.1% 0.79[0.19, 3.28] —
Total (95% CI) 465 157 100.0% 2.93 [0.27, 31.89] e —
Total events 407 73
s v S i i2 = - - S12 = 1 } + +
Heterogeneity: Tau? = 2.70; Chi 10.29, df = 1 (P = 0.001); | 90% o2 o1 ) 5H
Test for overall effect: Z = 0.88 (P = 0.38) FG PRP+FG
B PRP+FG FG Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Willemsen 2014 13.2 6.4 18 189 85 25 50.5% -5.70([-10.15, -1.25] —
Willemsen 2018 14.87 4.604 13 20.57 6.61 12 49.5% -5.70[-10.20, -1.20] —
Total (95% CI) 31 37 100.0% -5.70[-8.87,-2.53] —~ll—
Heterogeneity: Chi? = 0.00, df = 1 (P = 1.00); I* = 0% m=n e 0

Test for overall effect: Z = 3.53 (P < 0.001)

5
FG PRP+FG

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.

garello et al.*? were considered as satisfied and remainder
of categories in both studies were deemed as dissatisfied.
Heterogeneity among individual studies was statistically sig-
nificant (I = 90.0% and P = 0.001), and the random effects
model was used to pool data on patient satisfaction. There
was no significant difference between the PRP+FG and con-
trol groups in patient satisfaction (OR = 2.93, 95% Cl 0.27,
to 31.89; P = 0.38).

Recovery time after surgery was reported in two stud-
ies (Figure 3B). Heterogeneity among individual studies was
similar (1> = 0.0%, P = 1.00), and the fixed effects model
was used to pool data on recovery time. Recovery time was
significantly lower in the PRP as compared to the control
group by 5.07 days (WMD = -5.07, 95% Cl -8.87 to -2.53; P <
0.001).

Subgroup analysis
Subgroup analysis for fat retention rate was performed

by stratifying according to the recipient site (Table 2 and
Figure 4). A significant difference was found between the

Table 2 Subgroup analysis for fat survival rate

Subgroup N WMD (95% Cl) Pa Ph 17 (%)
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

PRP and control groups in terms of recipient sites which in-
clude the breast (WMD = 0.30, 95% Cl from 0.29 to 0.31, and
P < 0.001), face (WMD = 0.26, 95% Cl from 0.13 to 0.40, and
P < 0.001), and other parts of the body (WMD = 0.33, 95%
Cl from 0.29 to 0.36, and P < 0.001).

Discussion

Cotransplantation of autologous PRP and fat has become an
interesting technique in soft tissue reconstruction. Clinical
effectiveness and safety of this combination, however, re-
main controversial.?8:3%:3.42,4547 This study attempted to
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PRP+FG

FG
Study or Subgroup  Mean [0.1] SD [0.1] Total Mean [0.1] SD [0.1] Total

Weight 1V, Random, 95% CI [0.1]

Mean Difference
IV, Random, 95% CI [0.1]

Mean Difference

1.1.1 Breast

Gentile 2012 0.69 0.05 13 0.39 0.03 10
Gentile 2013 0.69 0.05 50 0.39 0.03 50
Subtotal (95% CI) 63 60

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 1.00); I* = 0%
Test for overall effect: Z = 40.53 (P < 0.001)

1.1.2 Face

Cervelli 2009 0.7 0.05 35 0.3 0.03 10
Gentile 2014 0.69 0.05 10 0.39 0.03 10
Sasaki 2015 0.685 0.395 106 0.383 0.129 92
Sasaki 2019-face 0.241 0.103 10 0.205 0.008 10
Subtotal (95% CI) 161 122
Heterogeneity: Tau? = 0.02; Chi? = 114.20, df = 3 (P < 0.001); I = 97%

Test for overall effect: Z = 3.81 (P < 0.001)

1.1.3 Others

Cervelli 2013 0.625 0.0904 40 0.3 0.03 10
Sasaki 2019-hand 0.892 0.872 10 0.548 0.538 10
Subtotal (95% CI) 50 20
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.95); I* = 0%

Test for overall effect: Z = 18.97 (P < 0.001)

Total (95% CI) 274 202
Heterogeneity: Tau? = 0.00; Chi? = 122.89, df = 7 (P < 0.001); I> = 94%

Test for overall effect: Z = 10.26 (P < 0.001)

Test for subgroup differences: Chi* = 2.18, df = 2 (P = 0.34), I* = 8.4%

14.8%
15.4%
30.2%

15.1%
14.6%
11.7%
12.9%
54.3%

14.8%

15.5%

100.0%

0.30[0.27,0.33] -
0.30[0.28, 0.32] H
0.30 [0.29, 0.31] '

0.40 [0.38, 0.42] -
0.30[0.26, 0.34] -
0.30[0.22, 0.38] -
0.04 [-0.03, 0.10] ol

0.26 [0.13, 0.40]

0.33[0.29, 0.36] -
0.7% 0.34 [-0.29, 0.98]
0.33 [0.29, 0.36] (3

0.29 [0.23, 0.34] *

0.5
FG PRP+FG

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.

systematically investigate the clinical efficacy of cotrans-
plantation of PRP and fat in comparison to conventional FG
in soft tissue reconstruction. In total, 11 articles were in-
cluded in this meta-analysis, which demonstrated that as
compared to the traditional FG technique, cotransplanta-
tion of PRP and fat had a significantly higher fat graft sur-
vival rate. Moreover, the recovery time after surgery was
significantly lower in these patients. However, no signifi-
cant difference between the PRP + FG and control groups
in terms of patient satisfaction was identified.

PRP is a concentration of platelets in blood plasma that
is typically derived from whole blood through centrifuga-
tion.“® PRP contains substantial amounts of growth factors,
most importantly angiogenic factors, and its cotransplanta-
tion with fat grafts may enhance neovascularization in the
recipient site, which ultimately improves fat graft survival.
In addition, PRP can act as a source of nutrients at the early
stages of fat transplantation when passive diffusion of ma-
terials from the surrounding tissue is the primary source of
nutrition for the grafted tissue. PRP is autologous and bio-
compatible and can be utilized immediately without the re-
quirement of complex preconditioning procedures.?'»46,49,50
In addition, PRP has been shown to be anti-inflammatory,
optimizing fat graft retention by minimizing inflammation
and edema, both of which have been shown to increase re-
sorption of fat grafts.’’ PRP’s anti-inflammatory properties
are believed to be largely due to two of its constituent fac-
tors: hepatocyte growth factor and tumor necrosis factor o
both of which are known to downregulate the proinflamma-
tory transcription factor NF-kB,* an effect that may con-
tribute to the significantly increased fat graft survival iden-
tified in this study.

Although both animal experiments and clinical studies
have highlighted the promising effect of PRP in fat grafting,
the methodologies used in such studies vary significantly.
This inconsistency in the methodology is important, partic-
ularly because the current evidence suggests that method-
ological factors are critical determinants of PRP quality and
FG outcomes.>*>° Further evidence from high quality studies
is warranted to address these methodological disparities in
the context of fat grafting. The results of our meta-analysis

are in agreement with those of a recent meta-analysis fo-
cusing on animal studies showing that PRF combined with
FG may improve the survival rate and microvessel density
of the grafted tissue. In their study, no statistically signif-
icant difference was seen between the effects of PRF and
PRP on fat graft survival rate.””

Strengths and Limitations

Our study, as other reviews and meta-analyses, carries limi-
tations. First, there are currently very few high-quality clin-
ical studies examine the efficacy of PRP-enhanced fat and
thus, only a small number of studies was included. In addi-
tion, these studies used different methods of fat graft sur-
vival measurement (including MRI, ultrasound, or 3D Vectra
Analysis), PRP extraction, activation as well as concentra-
tion. All included studies used Coleman fat grafting; how-
ever, some used purified SVF and ADSCs. We extracted data
only from PRP + FG groups when performing the meta-
analysis. This methodological heterogeneity was not taken
into consideration when this meta-analysis was performed
because of the lack of adequate data.

Inclusion of only English language studies increased our
study’s publication bias as potential studies published in
other languages may have been excluded. Finally, as identi-
fied in other meta-analyses, the quality of a meta-analysis
cannot supersede the quality of the studies it includes.®>>
Therefore, given that four included studies were retrospec-
tive nonrandomized case-control studies, and only one was
a randomized-controlled study; the included studies carry
inherent bias, such as selection bias.

Despite these limitations, this study is, to the best of our
knowledge, the first to summarize and analyze the clinical
evidence on the efficacy of PRP-enhanced fat grafting, in
terms of fat graft survival, length of recovery postsurgery,
and satisfaction rate. We analyzed recent studies, including
one study from 2018 and one from 2019. In addition, our
research followed the PRISMA guidelines.®' Finally, we uti-
lized the Cochrane risk of bias tool to assess the quality of
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the studies, and to perform a sensitivity analysis to verify
our results.

Conclusion

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

Conflict of interest

The authors declare that there is no conflict of interest.

Funding

No funding was received for this article.

Ethical approval

Not required.

Supplementary material

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.bjps.2021.05.
046.

Reference

1. Gir P, Brown SA, Oni G, Kashefi N, Mojallal A, Rohrich RJ.
Fat grafting: evidence-based review on autologous fat harvest-
ing, processing, reinjection, and storage. Plast Reconstr Surg
2012;130(1):249-58.

2. Coleman SR. Structural fat grafting: more than a permanent
filler. Plast Reconstr Surg 2006;118(3 Suppl):108S-120S.

3. Fredman R, Katz AJ, Hultman CS. Fat Grafting for Burn, Trau-
matic, and Surgical Scars. Clin Plast Surg 2017;44(4):781-91.

4. Piccolo NS, Piccolo MS, Piccolo MT. Fat grafting for treatment
of burns, burn scars, and other difficult wounds. Clin Plast Surg
2015;42(2):263-83.

5. Rigotti G, Marchi A, Galie M, et al. Clinical treatment of ra-
diotherapy tissue damage by lipoaspirate transplant: a healing
process mediated by adipose-derived adult stem cells. Plast Re-
constr Surg 2007;119(5):1409-22 discussion 1423-1404.

6. Griffin MF, Almadori A, Butler PE. Use of Lipotransfer in Sclero-
derma. Aesthet Surg J 2017;37(suppl_3):S33-7.

7. Gause TM 2nd, Kling RE, Sivak WN, Marra KG, Rubin JP,
Kokai LE. Particle size in fat graft retention: A review on the
impact of harvesting technique in lipofilling surgical outcomes.
Adipocyte 2014;3(4):273-9.

8. PuLL. Mechanisms of Fat Graft Survival. Ann Plast Surg 2016(77
Suppl 1):584-6.

9. Shoshani O, Shupak A, Ullmann Y, et al. The effect of hyper-
baric oxygenation on the viability of human fat injected into
nude mice. Plast Reconstr Surg 2000;106(6):1390-6 discussion
1397-1398.

10. Khouri RK Jr, Khouri RE, Lujan-Hernandez JR, Khouri KR,
Lancerotto L, Orgill DP. Diffusion and perfusion: the keys to
fat grafting. Plast Reconstr Surg Glob Open 2014;2(9):e220.

11. Suga H, Eto H, Aoi N, et al. Adipose tissue remodeling under is-
chemia: death of adipocytes and activation of stem/progenitor
cells. Plast Reconstr Surg 2010;126(6):1911-23.

12. Kato H, Mineda K, Eto H, et al. Degeneration, regenera-
tion, and cicatrization after fat grafting: dynamic total tis-
sue remodeling during the first 3 months. Plast Reconstr Surg
2014;133(3):303e-313e.

13. Baran CN, Celebioglu S, Sensoz O, Ulusoy G, Civelek B, Ortak T.
The behavior of fat grafts in recipient areas with enhanced vas-
cularity. Plast Reconstr Surg 2002;109(5):1646-51 1652.

14. Carpaneda CA, Ribeiro MT. Percentage of graft viability ver-
sus injected volume in adipose autotransplants. Aesthetic Plast
Surg 1994;18(1):17-19.

15. Wu M, Li Y, Wang Z, et al. Botulinum Toxin A Improves Supra-
muscular Fat Graft Retention by Enhancing Angiogenesis and
Adipogenesis. Dermatol Surg 2020;46(5):646-52.

16. Lee SK, Kim DW, Dhong ES, Park SH, Yoon ES. Facial Soft Tissue
Augmentation using Autologous Fat Mixed with Stromal Vascular
Fraction. Arch Plast Surg 2012;39(5):534-9.

17. Yu P, Zhai Z, Jin X, Yang X, Qi Z. Clinical Application of
Platelet-Rich Fibrin in Plastic and Reconstructive Surgery: A
Systematic Review. Aesthetic Plast Surg 2018;42(2):511-19.

18. Sinno S, Wilson S, Brownstone N, Levine SM. Current Thoughts
on Fat Grafting: Using the Evidence to Determine Fact or Fic-
tion. Plast Reconstr Surg 2016;137(3):818-24.

19. Oranges CM, Striebel J, Tremp M, et al. The Prepara-
tion of the Recipient Site in Fat Grafting: A Comprehen-
sive Review of the Preclinical Evidence. Plast Reconstr Surg
2019;143(4):1099-107.

20. Cucchiani R, Corrales L. The Effects of Fat Harvesting and
Preparation, Air Exposure, Obesity, and Stem Cell Enrichment
on Adipocyte Viability Prior to Graft Transplantation. Aesthet
Surg J 2016;36(10):1164-73.

21. Vyas KS, Vasconez HC, Morrison S, et al. Fat Graft Enrich-
ment Strategies: A Systematic Review. Plast Reconstr Surg
2020;145(3):827-41.

22. Martinez-Zapata MJ, Marti-Carvajal AJ, Sola I, et al. Autologous
platelet-rich plasma for treating chronic wounds. Cochrane
Database Syst Rev 2016(5):CD006899.

23. Foster TE, Puskas BL, Mandelbaum BR, Gerhardt MB, Rodeo SA.
Platelet-rich plasma: from basic science to clinical applica-
tions. Am J Sports Med 2009;37(11):2259-72.

24. Frautschi RS, Hashem AM, Halasa B, Cakmakoglu C, Zins JE.
Current Evidence for Clinical Efficacy of Platelet Rich Plasma
in Aesthetic Surgery: A Systematic Review. Aesthet Surg J
2017;37(3):353-62.

25. Xiong BJ, Tan QW, Chen YJ, et al. The Effects of Platelet-Rich
Plasma and Adipose-Derived Stem Cells on Neovascularization
and Fat Graft Survival. Aesthetic Plast Surg 2018;42(1):1-8.

26. Liu B, Tan XY, Liu YP, et al. The adjuvant use of stromal vascular
fraction and platelet-rich fibrin for autologous adipose tissue
transplantation. Tissue Eng Part C Methods 2013;19(1):1-14.

27. HuY, Jiang Y, Wang M, Tian W, Wang H. Concentrated Growth
Factor Enhanced Fat Graft Survival: A Comparative Study. Der-
matol Surg 2018;44(7):976-84.


http://dx.doi.org/10.1016/j.bjps.2021.05.046
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0001
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0001
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0001
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0001
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0001
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0001
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0001
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0002
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0002
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0003
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0003
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0003
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0003
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0004
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0004
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0004
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0004
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0005
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0005
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0005
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0005
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0005
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0006
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0006
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0006
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0006
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0007
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0007
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0007
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0007
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0007
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0007
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0007
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0008
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0008
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0009
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0009
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0009
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0009
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0009
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0010
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0010
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0010
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0010
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0010
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0010
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0010
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0011
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0011
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0011
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0011
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0011
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0012
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0012
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0012
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0012
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0012
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0013
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0013
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0013
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0013
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0013
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0013
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0013
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0014
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0014
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0014
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0015
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0015
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0015
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0015
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0015
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0016
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0016
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0016
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0016
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0016
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0016
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0017
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0017
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0017
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0017
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0017
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0017
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0018
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0018
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0018
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0018
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0018
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0019
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0019
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0019
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0019
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0019
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0020
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0020
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0020
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0021
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0021
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0021
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0021
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0021
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0022
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0022
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0022
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0022
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0022
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0023
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0023
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0023
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0023
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0023
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0023
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0024
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0024
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0024
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0024
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0024
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0024
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0025
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0025
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0025
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0025
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0025
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0026
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0026
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0026
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0026
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0026
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0027
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0027
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0027
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0027
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0027
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0027

ARTICLE IN PRESS

JID: PRAS

[m6+;July 7, 2021;15:24]

M. Wu, M. Karvar, Q. Liu et al.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

M.

42.

43.

Liao HT, Marra KG, Rubin JP. Application of platelet-rich
plasma and platelet-rich fibrin in fat grafting: basic science and
literature review. Tissue Eng Part B Rev 2014;20(4):267-76.
Fontdevila J, Guisantes E, Martinez E, Prades E, Berenguer J.
Double-blind clinical trial to compare autologous fat grafts ver-
sus autologous fat grafts with PDGF: no effect of PDGF. Plast
Reconstr Surg 2014;134(2):219e-230e.

Cervelli V, Palla L, Pascali M, De Angelis B, Curcio BC, Gen-
tile P. Autologous platelet-rich plasma mixed with purified
fat graft in aesthetic plastic surgery. Aesthetic Plast Surg
2009;33(5):716-21.

Panic N, Leoncini E, de Belvis G, Ricciardi W, Boccia S. Evalu-
ation of the endorsement of the preferred reporting items for
systematic reviews and meta-analysis (PRISMA) statement on
the quality of published systematic review and meta-analyses.
PLoS One 2013;8(12):e83138.

Cochrane Cochrane Handbook for Systematic Reviews of Inter-
ventions version 6.0 (updated July 2019); 2019 www. training.
cochrane.org/handbook.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring in-
consistency in meta-analyses. BMJ 2003;327(7414):557-60.
Cervelli V, Gentile P, Scioli MG, et al. Application of
platelet-rich plasma in plastic surgery: clinical and in vitro
evaluation. Tissue Eng Part C Methods 2009;15(4):625-34.
Gentile P, Orlandi A, Scioli MG, et al. A comparative trans-
lational study: the combined use of enhanced stromal vas-
cular fraction and platelet-rich plasma improves fat grafting
maintenance in breast reconstruction. Stem Cells Transl Med
2012;1(4):341-51.

Gentile P, Di Pasquali C, Bocchini |, et al. Breast reconstruction
with autologous fat graft mixed with platelet-rich plasma. Surg
Innov 2013;20(4):370-6.

Gentile P, De Angelis B, Pasin M, et al. Adipose-derived stromal
vascular fraction cells and platelet-rich plasma: basic and clin-
ical evaluation for cell-based therapies in patients with scars
on the face. J Craniofac Surg 2014;25(1):267-72.

Sasaki GH. The Safety and Efficacy of Cell-Assisted Fat Graft-
ing to Traditional Fat Grafting in the Anterior Mid-Face:
An Indirect Assessment by 3D Imaging. Aesthetic Plast Surg
2015;39(6):833-46.

Sasaki GH. A Preliminary Clinical Trial Comparing Split Treat-
ments to the Face and Hand With Autologous Fat Grafting and
Platelet-Rich Plasma (PRP): A 3D, IRB-Approved Study. Aesthet
Surg J 2019;39(6):675-86.

Cervelli V, Bocchini I, Di Pasquali C, et al. P.R.L. platelet
rich lipotransfert: our experience and current state of art
in the combined use of fat and PRP. Biomed Res Int
2013;2013:434191.

Sadati KS, Corrado AC, Alexander RW. Platelet-Rich Plasma
(PRP) Utilized to Promote Greater Graft Volume Retention in
Autologous Fat Grafting 2006;23(4):203-11.

Salgarello M, Visconti G, Rusciani A. Breast fat grafting with
platelet-rich plasma: a comparative clinical study and current
state of the art. Plast Reconstr Surg 2011;127(6):2176-85.
Willemsen JC, van der Lei B, Vermeulen KM, Stevens HP. The
effects of platelet-rich plasma on recovery time and aesthetic

10

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

outcome in facial rejuvenation: preliminary retrospective ob-
servations. Aesthetic Plast Surg 2014;38(5):1057-63.
Willemsen JCN, Van Dongen J, Spiekman M, et al. The Ad-
dition of Platelet-Rich Plasma to Facial Lipofilling: A Dou-
ble-Blind, Placebo-Controlled, Randomized Trial. Plast Recon-
str Surg 2018;141(2):331-43.

Cervelli V, Scioli MG, Gentile P, et al. Platelet-rich plasma
greatly potentiates insulin-induced adipogenic differentia-
tion of human adipose-derived stem cells through a ser-
ine/threonine kinase Akt-dependent mechanism and pro-
motes clinical fat graft maintenance. Stem Cells Transl Med
2012;1(3):206-20.

Jin R, Zhang L, Zhang YG. Does platelet-rich plasma enhance
the survival of grafted fat? An update review. Int J Clin Exp
Med 2013;6(4):252-8.

Keyhan SO, Hemmat S, Badri AA, Abdeshahzadeh A, Khiabani K.
Use of platelet-rich fibrin and platelet-rich plasma in combi-
nation with fat graft: which is more effective during facial li-
postructure? J Oral Maxillofac Surg 2013;71(3):610-21.

De Pascale MR, Sommese L, Casamassimi A, Napoli C. Platelet
derivatives in regenerative medicine: an update. Transfus Med
Rev 2015;29(1):52-61.

Sommeling CE, Heyneman A, Hoeksema H, Verbelen J, Stil-
laert FB, Monstrey S. The use of platelet-rich plasma in plas-
tic surgery: a systematic review. J Plast Reconstr Aesthet Surg
2013;66(3):301-11.

Modarressi A. Platlet Rich Plasma (PRP) Improves Fat Grafting
Outcomes. World J Plast Surg 2013;2(1):6-13.

El-Sharkawy H, Kantarci A, Deady J, et al. Platelet-rich plasma:
growth factors and pro- and anti-inflammatory properties. J Pe-
riodontol 2007;78(4):661-9.

Bendinelli P, Matteucci E, Dogliotti G, et al. Molecular basis
of anti-inflammatory action of platelet-rich plasma on human
chondrocytes: mechanisms of NF-kappaB inhibition via HGF. J
Cell Physiol 2010;225(3):757-66.

Luck J, Smith OJ, Mosahebi A. A Systematic Review of Autolo-
gous Platelet-Rich Plasma and Fat Graft Preparation Methods.
Plast Reconstr Surg Glob Open 2017;5(12):e1596.

Pu LL. Towards more rationalized approach to autologous fat
grafting. J Plast Reconstr Aesthet Surg 2012;65(4):413-19.
Leitner GC, Gruber R, Neumuller J, et al. Platelet content and
growth factor release in platelet-rich plasma: a comparison of
four different systems. Vox Sang 2006;91(2):135-9.

Abellan Lopez M, Bertrand B, Kober F, et al. The Use of
Higher Proportions of Platelet-Rich Plasma to Enrich Microfat
Has Negative Effects: A Preclinical Study. Plast Reconstr Surg
2020;145(1):130-40.

Liu R, Long Y, Liu L, Zhao X. Effect of Platelet-Rich Fibrin on
Fat Grafting in Animal Models: A Meta-Analysis. Aesthetic Plast
Surg 2020;44(2):570-8.

Haug V, Panayi AC, Kadakia N, et al. Use of venous couplers
in microsurgical lower extremity reconstruction: A systematic
review and meta-analysis. Microsurgery 2020.

Panayi AC, Orkaby AR, Sakthivel D, et al. Impact of frailty on
outcomes in surgical patients: A systematic review and meta-
analysis. Am J Surg 2019;218(2):393-400.


http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0028
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0028
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0028
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0028
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0029
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0029
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0029
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0029
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0029
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0029
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0030
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0030
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0030
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0030
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0030
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0030
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0030
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0031
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0031
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0031
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0031
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0031
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0031
http://www.training.cochrane.org/handbook
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0033
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0033
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0033
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0033
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0033
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0034
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0034
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0034
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0034
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0034
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0035
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0035
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0035
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0035
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0035
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0036
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0036
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0036
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0036
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0036
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0037
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0037
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0037
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0037
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0037
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0038
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0038
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0039
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0039
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0040
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0040
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0040
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0040
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0040
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0041
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0041
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0041
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0041
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0042
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0042
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0042
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0042
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0043
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0043
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0043
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0043
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0043
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0043
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0044
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0044
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0044
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0044
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0044
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0045
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0045
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0045
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0045
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0045
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0046
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0046
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0046
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0046
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0047
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0047
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0047
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0047
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0047
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0047
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0048
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0048
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0048
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0048
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0048
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0049
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0049
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0049
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0049
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0049
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0049
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0049
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0050
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0050
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0051
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0051
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0051
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0051
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0051
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0052
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0052
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0052
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0052
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0052
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0053
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0053
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0053
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0053
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0054
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0054
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0055
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0055
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0055
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0055
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0055
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0056
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0056
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0056
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0056
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0056
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0057
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0057
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0057
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0057
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0057
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0058
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0058
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0058
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0058
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0058
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0059
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0059
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0059
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0059
http://refhub.elsevier.com/S1748-6815(21)00298-9/sbref0059

	Comparison of Conventional and Platelet-Rich Plasma-Assisted Fat Grafting: A Systematic Review and Meta-analysis
	Introduction
	Methods
	Search Strategy
	Inclusion and Exclusion Criteria
	Assessment of Risk of Bias of Included Studies
	Statistical Analysis
	Subgroup Analysis
	Sensitivity Analysis

	Results
	Primary Studies Included in the Literature Review
	Main study characteristics and risk of bias in included studies
	Meta-analysis of fat graft survival and patient satisfaction rates
	Subgroup analysis

	Discussion
	Strengths and Limitations
	Conclusion
	Conflict of interest
	Funding
	Ethical approval
	Supplementary material
	Reference


