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Abstract
Background: Autologous fat grafting (AFG) is increasingly used in cosmetic surgery. However, its efficacy and safety are still ambiguous. Both a compre-
hensive overview and recapitulation of the relevant literature provide current evidence on the efficacy and outcomes of AFG in cosmetic breast surgery.
Objectives: This review provides an up-to-date overview of the literature on AFG in cosmetic breast augmentation.
Methods: A systematic review of the literature on AFG used for cosmetic breast augmentation was conducted according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines. This study included selected studies that were published between January 1996 and
February 2016 and reported on 10 patients or more who had a minimal mean follow-up period of 1 year.
Results: In this study, 22 articles that reported on 3565 patients with follow-up periods ranging from 12 to 136 months were included. A complication
rate of 17.2% (95% CI 15.9-18.5) was seen. Indurations were the most frequent complication (33.3%, 95% CI 20.4-46.3), followed by persistent pain
(25%, 95% CI 0.5-49.5), and hematoma (16.4%, 95% CI 14.5-18.4). Mammograms revealed micro-calcifications (9.0%, 95% CI 6.4-11.5) and macro-
calcifications (7.0%, 95% CI 3.8-10.2). The mean volume retention was 62.4% (range, 44.7-82.6%), with a satisfaction rate of 92% in patients and 89% in
surgeons.
Conclusions: AFG is a promising method in achieving autologous cosmetic breast augmentation with satisfactory volume retention and satisfaction
rates in eight and six studies, respectively. Complications and radiological findings are comparable to those after implant augmentation. Future studies
should focus on cancer occurrence and detection to further substantiate AFG safety. In addition, grafting methods and the use of auxiliary procedures to
identify factors leading to better outcomes in terms of volume retention should be investigated. Finally, objective questionnaires are needed to represent
patient satisfaction.
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Autologous fat grafting (AFG) is becoming an increasingly
popular procedure in cosmetic surgery. With this growing
popularity, the technique has been gaining acceptance
for use with cosmetic breast augmentation. However, the
number of questions regarding the optimal methods for fat
harvesting, processing, and injecting is also increasing, as re-
flected by the recent paper by Longaker et al.1 The system-
atic review of Strong et al2 recently showed higher retention
rates in human studies with centrifugation, as opposed to
sedimentation, and slower reinjection rates into less mobile
areas. However, this same advantage could not be found in
experimental animal studies and in vitro analyses. Until re-
cently, AFG in breast augmentation was limited by the
amount of fat that could be transferred to the different com-
partments and the increased absorption when exceeding that
amount. Recent retrospective studies on larger-volume AFG in
combination with compartment-expanding techniques, such
as the Breast Enhancement and Shaping System (BRAVA),
have shown encouraging results;3-6 prospective trials are cur-
rently being conducted.7 Further positive results are expected
from the use of supplementation with platelet-rich plasma
(PRP), which is showing improved neovascularization and
long-term graft retention in experimental animal studies.8,9

Furthermore, stromal vascular fraction (SVF) seems to in-
crease the quantity of adipose-derived stem cells (ASCs) in
the graft,10-12 thereby promoting adipose regeneration, angio-
genesis, and release of angiogenic growth factors.13,14

In addition, the fear that the procedure interferes with
cancer diagnostics and that it may promote cancer is gradu-
ally diminishing,15 which is supported by studies reporting
on the safety of the technique.16-18 As the outcomes of AFG
in cosmetic breast reconstruction seem encouraging, and
with its rise in popularity, it is important to assess the avail-
able evidence on the safety and efficacy of the technique.
This realization is shown in the number of recently pub-
lished systematic reviews on the subject with Strong et al,2

Largo et al,19 and Voglimacci et al.20 These reviews add
greatly to the comprehensive overview of the current evi-
dence on the safety, technique, efficacy, and patient-
reported outcomes. The first review by Strong et al2 gives a
thorough descriptive analysis of the articles that focus on
technique-specific aspects, such as harvest site (prepara-
tion), adipose tissue isolation, and injection techniques, as
well as instruments, without looking at the specific AFG in-
dications. The second review by Largo et al,19 while main-
taining a methodology similar to the current review and
reporting on comparable outcomes, includes 36 articles up
to December 31 2012, covering 1453 patients. This is less
than half of the current study population covered in 22 arti-
cles. The inclusion of low-level case reports/series causes a
high level of heterogeneity between the studies that already
report very differently on the important technical aspects
that were previously mentioned. The same methodological
choice regarding the inclusion of case reports/studies is

found in the review by Voglimacci et al. While this report
provides an update of the included articles up to July 2014,
it also omits important tables on certain outcomes, such as
radiological appearances and complications. The authors
believe that the inclusion of such tables increases the read-
ability. Finally, the follow-up periods of the included studies
were not reported in the review by Strong et al.2 These
follow-up periods ranged from 1 to 156 months and 6 to 156
months in the reviews of Largo et al19 and Voglimacci et al,20

respectively. It is known that fat retention can take 3 to 6
months before reaching a steady state,21-23 so it is essential to
maintain a longer follow-up period. Therefore, our primary
aim was to give an updated comprehensive overview regard-
ing safety, technique, efficacy, and patient-/surgeon-reported
outcomes of AFG for breast augmentation purposes. Our
minimal sample size was 10 patients, and the mean follow-up
period was at least 1 year after the last fat grafting session. By
including studies up to February 20 2016, we included three
new articles,24-26 one of which practiced high-volume grafting
(range, 300-600 cc) and one of which added to the number of
BRAVA-prepared patients. The authors believe this can add
value to this paper in comparison to previous reviews. Our
secondary aim was to reveal deficiencies in the current litera-
ture, which may form the basis for further research.

The research questions were as follows:

(1) In regard to women seeking cosmetic breast augmenta-
tion (P), can the use of Autologous Fat Grafting (I)
provide a safe (oncologically, radiologically, and in regard
to complications such as bleeding, infection and postop-
erative pain) and effective (adequate volume retention,
esthetic effect, and patient satisfaction) alternative or ad-
dition (O) to other forms of breast augmentation (with
implants) (C)?

(2) In regard to women seeking alternative or additional
methods for cosmetic breast augmentation with the
use of Autologous Fat Grafting (P), can an extensive
systematic review, which includes articles up to 2016
that have a 10-patient minimal sample size and mean
follow-up period of 1 year (I), reveal new deficiencies
in the current literature (O) in comparison to previous-
ly published studies (C)?

METHODS

This is a systematic review of the literature reporting on AFG
used for augmentation of the female breast conducted
according to the PRISMA statement.27 A completed PRISMA
checklist is available as Supplementary Material at www.
aestheticsurgeryjournal.com. A systematic review conducted
by the same authors using a similar methodology but report-
ing on AFG used in addition to onco-plastic breast recon-
struction was recently published.28 The PubMed, Embase.
com,Wiley/Cochrane Library, andWeb of Science databases
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were searched from inception (by JG and JCFK) up to the
final screening on February 20 2016. The following terms
were used (including synonyms and closely related words)
as index terms or free-text words: “fat” or “adipocyte” or
“lipo” and “grafting” or “filling” or “transplant.” The full
search strategies for all of the databases is available as
Supplementary Material at www.aestheticsurgeryjournal.
com. Studies that were considered potentially relevant based
on the titles were stored using the RefWorks database. There
was no restriction on language, type of study, or publication
media. Bibliographies of the retrieved articles were manually
searched for relevant and possibly missed references.

Eligibility Criteria

Original articles regarding the application of fat grafting
(with or without supplementation) in cosmetic breast aug-
mentation were found to be eligible for inclusion. In addi-
tion, all harvesting, processing, and injecting techniques
were found to be eligible for this study. The articles were
collected by two independent reviewers ( JG and VN) and
screened on the outcomes, including complications, radiolog-
ical appearances, volume retention, fat grafting technique,
and patient/surgeon satisfaction. Duplicate articles, case
reports, or case series with a sample size <10 and articles
with a mean follow-up period<12 months were excluded.

Study Selection

The abstracts of the selected studies were evaluated inde-
pendently by two researchers ( JG and VN). When found
eligible by both reviewers, the full text article was retrieved
for evaluation, data extraction, and inclusion in the system-
atic review. Discrepancies between the two reviewers were
discussed, and if a solution was not found, a third reviewer
(MM) was consulted. When a study could not be retrieved
from the electronic media or the local library, the authors
were contacted to request a copy.

OutcomeMeasures

We included the following outcomes:

(1) Complications: type and frequency of complications.
(2) Radiological safety: type and frequency of radiological

appearances (warranting biopsies).
(3) Fat grafting technique, number of grafting procedures,

and graft volume.
(4) Volume retention: ratio of the volume gain relative to

the injected volume.
(5) Satisfaction: patient and surgeon satisfaction.

Data Collection Process

Data were extracted by one researcher ( JG) using standard-
ized tables developed for this purpose and checked by a

second reviewer (VN). Data extracted from each article in-
cluded authors, date of publication, number of subjects, in-
dication for the procedure, type of study, technique used
for adipocyte implantation, follow-up time, efficacy of treat-
ment, patient satisfaction, clinical complications, and
volume retention radiographic changes. Randomized con-
trolled trials (RCTs), prospective and retrospective observa-
tional or comparative cohort studies, and case series with a
sufficient sample size and follow-up were evaluated with
respect to the following factors: clear description of inclu-
sion and exclusion criteria, method of patient selection for
the procedure (ie, consecutive vs nonconsecutive recruit-
ment), adequate sample size (> 10 patients), use of objec-
tive outcomes, and sufficient duration of follow-up period.
Included studies were assigned a level of evidence accord-
ing to the Oxford Centre for Evidence-Based Medicine
(2011) by two independent reviewers ( JG and VN).
Discrepancies in scoring were discussed by all reviewers.
The principal summary measures are means over follow-up
periods and percentages with an actual number given
between parentheses.

Statistical Analysis

The data were pooled to calculate the overall proportion
with a 95% confidence interval. Due to insufficient data re-
ported, statistical analyses of the fat grafting technique,
volume retention, and patient and surgeon satisfaction could
not be performed. To compare the harvesting methods in
regard to volume retention, we used the Mann–Whitney U
test for abnormally distributed data (Kolmogorov–Smirnov
test). The Cohen’s kappa coefficient was used to calculate
the inter-rating observer variability of the selected articles.

Risk of Bias Across Studies

Observational studies and clinical trials without detailed ran-
domization protocols were considered studies with a high
risk of bias. A Cochrane Risk of Bias Assessment Tool: for
Non-Randomized Studies of Interventions (ACROBAT-NRSI)
was used for quantifying the risk of bias across the studies. A
sensitivity analysis was not performed because the two
studies that were considered to have a serious risk of bias26,29

consisted of a total cohort of 24 patients.

RESULTS

There was a high inter-rater agreement in selecting relevant
articles based on the abstract screening of 0.79. There was
no difference between the reviewers regarding data extrac-
tion. After screening (Figure 1), a total of 23 articles
was included.4-6,10-12,21,24-26,29-41 All of the articles were
English-written articles. The risk of bias across the studies
(Table 1) was measured using ACROBAT-NRSI42 and was
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considered moderate in the preintervention (68.2% of
studies), postintervention (72.7% of studies), and overall
(72.7% of studies) ratings. Two articles12,41 described the
same group of patients; therefore, one of the articles was
excluded from the analyses, leaving 22 articles. Extracted
data are summarized in Tables 1-6. The included studies
were published between 2003 and 2016, with 10 retrospec-
tive and 12 prospective cohort designs. There were 3 level
III studies and 19 level IV studies involving a total of 3565
patients. Seven studies reported on a total cohort of patients
receiving AFG for cosmetic, as well as reconstructive,
purposes.6,21,33,37,39-41 The mean follow-up period was 28.8
months (range, 12-136 months) (Table 2).

Postoperative Management

Out of the 22 studies, 10 of them reported on postoperative
management.4,5,21,24,30,31,33,39-41 Two studies reported post-
operative medicinal regiments,21,30 with both studies pre-
scribing an unspecified kind of analgesic next to one study
prescribing an unspecified kind of antibiotic and sleeping
pill. Nine studies4,5,24,30,31,33,39-41 reported using some post-
operative protective or supportive types of breast garments,
ranging in use from 1 day to 6 weeks. One study41 reported
using no garments, while one study40 used local cold com-
presses only with suspected edema or inflammation. Two
studies reported on the postoperative management of the
donor site.21,24 Of these studies, one used an abdominal
support belt for 6 weeks next to endermology consultation
when suspecting edema, and one study used compressive
garments not further specified. Postoperative instructions
were reported in three studies.21,39,40 These instructions
included harvest site massage instructions in one study

and avoidance of breast compression for approximately
4 months, in the two additional studies.39,40

Complications

In a total of 17 studies,4-6,10,21,24-26,29-31,36-38,40,41,43 an anal-
ysis showed an overall complication rate of 17.2% (95% CI
15.9-18.5) after a mean follow-up period of 34.5 months in
3409 patients after AFG for cosmetic purposes (Table 3).
The following are complication rates over the total of pa-
tients from the studies that reported on that specific compli-
cation. Palpable indurations were seen in 33.3% (95% CI
20.4-46.3) of the cases.25,26,29 Persistent pain was reported
in one study29 in 25.0% of the patients (95% CI 0.5-49.5).
A hematoma was seen in 16.4% (95% CI 14.5-18.4) of the
patients.4,30,33,37,38 New nodules were reported in 11.0%
(95% CI 8.6-13.4) of the cases, and cytological analyses of
the aspirated or surgically removed material showed fat ne-
crosis in all cases.5,6,36,40 In 8.3% (95% CI 0.0-42.9) of the
patients, abnormal breast fluid, lymphadenopathy, and pus
discharge were seen.29 Other complications were dysesthesia
in 7.7% (95% CI 3.8 11.6),4 fat necrosis in 6.6% (95% CI
5.5-7.7),4,6,10,21,25,31,36,40 and calcifications in 4.47% (95% CI
2.8-6.6)10,25,40 of the cases. Striae of the breast were seen in
4.3% (95% CI 3.0-5.6)30,33 and cyst formation in 3.3% (95%
CI 1.9-4.7) of the cases.4,24,31,38,40 Infection of the breast was
seen and treated with oral antibiotics, drainage, and/or ice
packing in 0.9% (95% CI (0.5-1.2)6,10,21,24-26,29,33,37,38 of the
cases, and donor site infection was seen in 0.6% (95% CI
0.0-3.9) of the cases.5,24 Donor site deformation was seen in
0.4% (95% CI 0.0-2.3)24,38 of the cases; pneumothorax,
another rare complication, was seen in two patients6,21,24,37

Figure 1. Flow diagram of the search and selection strategy of included articles.
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(0.1% [95% CI 0.0-0.5]), and one44 of those patients was
treated with pleural drainage.

Radiological Follow-Up

Radiological images after AFG were studied in 19 articles
(Table 4).4-6,10,21,24,26,30-32,34-38,40,41,43,45 One study was

excluded because it reported the outcomes per image
instead of the outcomes per patient.11 The majority of the
studies used standard pre- and postoperative mammograms
to report on the radiological images (11 studies,
n= 1912),4-6,21,24,30,32,34,35,37,38 with three studies (n=692)
reporting Breast Imaging Reporting and Data System
(BIRADS) outcomes only.26,33,36 Some studies looked also
at sonograms (4 studies, n= 544) or MRIs (5 studies,
n= 305). Fat necrosis was reported in 14.0% (95% CI
11.4-16.6) of the cases on mammogram,4,6,37 5.7% (95% CI
2.9-8.5) on sonogram,4,31,37 and 7.7% (95% CI 4.0-11.4) on
MRI.5,37,40 Cysts were seen on mammogram in 12.3%
(95% CI 10.5-14.1)4,21,24,32,34,38 of the cases, on sonogram
in 5.1% (95% CI 2.0-8.2)4,37 of the cases, and on MRI
in 1.7% (95% CI 0.0-3.4) of the cases.26,37,40,41 Micro-
and macro-calcifications were seen on mammogram
in 9.0% (95% CI 6.4-11.5)4,5,24,32,34,35,37,38 and 7.0% (95%
CI 3.8-10.2),5,24,34,37,38 on sonogram in 4.8% (95% CI
2.8-6.7)4,10 and 5.3% (2.7-7.9),10 and on MRI in 1.9% (95%
CI 0.1-7.3)40 and 1.5% (0.3-4.5),40,41 respectively, of the
cases. Furthermore, the mammograms showed scar tissue
in 12.9% (95% CI 1.1-24.7)34 of the cases and benign calcifi-
cation in 9.2% (95% CI 2.2-16.2)30 of the cases.

Fat Grafting Technique

Twenty-one articles described, to some extent, the
methods of preparing and grafting the adipose tissue
(Table 5).4-6,10,11,21,24-26,30-41 The anesthetic method was re-
ported in 11 studies, with 8 studies using general anesthe-
sia,4,11,21,24,30,37,40,41 2 studies adding local anesthesia,10,25

and 1 study using just a local form of anesthesia.35 The
abdomen was the primary donor site in most studies. Fat
from the gluteal area or the arms was used in cases of insuf-
ficient supply or an odd fat distribution. For harvesting,
most authors described performing manual aspiration,
usually with a 2- to 4-mm cannula attached to a 1- to 60-cc
syringe. The majority of the studies applied centrifugation
on 3000 rpm for periods ranging from 4 to 5 minutes. Four
studies4-6,26 combined AFG with the pre- and postoperative
use of the BRAVA system, and one study39 used only the
device 3 weeks preoperatively. Five studies reported the
use of supplements, which were composed of PRP30,41 or
SVF.10,25,45 For the injections, most studies described using
a multiplane, retrograde (on withdrawal) injection tech-
nique. The primary site of injection was the subcutaneous
space with additional injections most often performed into
the subpectoral and retroglandular spaces. The number of
sessions for delivering AFG to achieve a satisfactory result
was reported in 14 studies4-6,24,26,30,31,33,34,36-40 and varied
from one to three sessions (ie, 1 session for 1190 patients,
2 sessions for 127 patients, and 3 sessions for 32 patients).
No significant associations were found between the volume
of the initial fat graft and the number of sessions or

Table 1. Cochrane Risk of Bias Assessment Tool for Non-Randomized
Studies of Interventions (ACROBAT-NRSI)

Study Risk of Bias
Judgements in
ROBINS-I:

Pre-intervention
and At-intervention

Domains

Risk of Bias
Judgements in
ROBINS-I:

Post-intervention
Domains

Domain-level and
Overall Risk of Bias

Judgment in
ROBINS-I

Fulton30 MR MR MR

Zheng31 MR MR MR

Hyakusoku29 MR SR SR

Zocchi4 MR MR MR

Carvajal32 MR MR MR

Delay21 SR SR MR

Illouz33 MR MR MR

Veber34 MR MR MR

Wang35 MR MR MR

Rubin11 LR LR LR

Khouri5 LR MR MR

Gentile41 LR LR LR

Fiaschetti37 MR MR MR

Auclair38 MR MR MR

Spear36 MR MR MR

Del Vecchio39 MR MR MR

Khouri6 MR MR MR

Li40 MR MR MR

Chiu10 LR LR LR

Abboud24 LR LR LR

Uda26 SR MR SR

Chiu25 MR MR MR

CR, critical risk of bias (the study is too problematic to provide any useful evidence on the
effects of intervention); LR, low risk of bias (the study is comparable to a well-performed
randomized trial with regard to this domain); MR, moderate risk of bias (the study is sound for
a nonrandomized study with regard to this domain but cannot be considered comparable to a
well-performed randomized trial); NI, no information on which to base a judgment about the
risk of bias for this domain; SR, serious risk of bias (the study has some important problems).
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between the form of augmentation and the number of
sessions.

Volume Retention

In addition to patient satisfaction, objective measurements
of the volumetric result, by way of a reliable volumetric
analysis, are imperative to demonstrate the efficacy of AFG.
Recently, more sophisticated ways of measuring have been
used, such as specified 3D measuring systems or MRI anal-
yses. Eight studies with a total of 523 patients complied
with the inclusion criteria of sufficient sample size and
follow-up period and were included in the final analysis
(Table 6).5,6,25,26,30,36,38,39 Four studies5,6,26,36 used MRIs,
and three studies used advanced 3D measuring systems;
one study combined an MRI and 3D measurements,36,38,39

and one study used volumetric measurement.30 Additionally,
one study measured volume retention through the difference
in breast thickness, by way of a sonogram, at the 3 o’clock
and 9 o’clock periareolar points between implant removal
and 1 year after additional AFG.25 Five of the eight studies
(n=419)5,6,36,38,39 described a mean total preoperative
volume of 225.26 mL. The mean total injected volume per
breast was 339 cc in seven studies (n=458)5,6,25,26,36,38,39

and the mean volume gain per breast as described in six
studies (n=431)5,6,26,36,38,39 was 216.2 cc over a minimal
period of 1 postoperative year. The retention of injected fat
over a total of eight studies was 62.4% (range, 44.7-82.6%),
with an average follow-up period of 16.6 months (range,
12-120). When correcting for important technical variables
like preparation and the use of supplementation, there was
60.9% volume retention in the seven studies5,6,25,26,36,38,39

Table 2. Baseline Characteristics of Included Studies

Study Year Study Design Total Cosmetic
Augmentation

Reconstruction Follow up, Months
(mean/median)

Age, Years
(mean/median)

Reported
Outcomes

Level of
Evidence
(OCEBM)

Funding

Fulton30 2003 Retrospective cohort 65 65 (130) – −120 38 (mean) VR,C,RS IV NFR

Zheng31 2008 Prospective cohort 66 66 (132) – 37 (mean) Range only: 19-39 E, PS, RS, C IV NFR

Hyakusoku29 2008 Retrospective cohort 12 12 (24) – 39 (mean) 39.3 (mean) C IV NFR

Zocchi4 2008 Retrospective cohort 181 181 (326) – 12 (mean) 33 (mean) VR, C, RS, E, PS IV NFR

Carvajal32 2008 Retrospective cohort 20 20 (40) – 34.5 (mean) 36.9 (mean) RS IV NFR

Delay21 2009 Retrospective cohort 880 30 (60) 850 (850) −120 – RS, OS, C IV NFR

Illouz33 2009 Prospective cohort 820 385 (770) 435 136 (mean) 45.6 (mean) C, RS IV NFR

Veber34 2011 Retrospective cohort 31 31 (62) 16.2 (median) 38.16 (mean) RS IV NFR

Wang35 2011 Retrospective cohort 48 48 (96) – 18-72 (range only) 29.4 (mean) RS IV NFR

Rubin11 2012 Prospective cohort 27 27 (54) – 12 (mean) 35.9 (mean) RS III NFR

Khouri5 2012 Prospective cohort 81 81 (162) – 44 (mean) Range only: 17-63 VR, RS IV NFR

Gentile41 2013 Retrospective cohort 100 35 (70) 65 (65) 12 (mean) Range only: 19-60 VR, C, RS III NFR

Fiaschetti37 2013 Retrospective cohort 15 5 (9) 10 (13) 12 (mean) 46.27 (mean) RS, VR IV NFR

Auclair38 2013 Prospective cohort 197 197 (394) – 12 (mean) / RS, VR IV NFR

Spear36 2014 Prospective cohort 10 10 (20) – 12 (mean) 30 (mean) VR, E, PS, RS, C III Funded by a grant
from the ASERF

Del Vecchio39 2014 Prospective cohort 30 27 (54) 3 (3) 12 (mean) / VR IV NFR

Khouri6 2014 Prospective cohort 476 388 (776) 88 42 (mean) 37.6 (mean) RS, VR, C IV NFR

Li40 2014 Prospective cohort 105 103 (206) 2 18 (mean) 31.3 (mean) E, RS, C IV NFR

Chiu10 2014 Prospective cohort 282 282 (NS) – 23.7/23 (mean) 33.1 (mean) PS, RS, E, C IV NFR

Abboud24 2015 Prospective cohort 80 80 (160) – 24 (mean) 42 (mean) RS IV NFR

Uda26 2015 Prospective cohort 12 12 (12) – 21 (mean) 43 (mean) C, RS, VR IV NFR

Chiu25 2016 Retrospective cohort 27 27 (54) – 27.1 (mean) 39.1 (mean) C, VR, PS IV NFR

ASERF, Aesthetic Society Education and Research Foundation; C, complications; E, esthetics; NFR, the authors received no financial support for the research, authorship, and publication of this article; OCEBM, Oxford Centre for
Evidence-Based Medicine; OS, oncological safety; PS, patient satisfaction; RS, radiological safety; VR, volume retention.
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Table 3. Radiological Follow-Up: Overview of Physiological/Mammographic/Sonographic and/or MRI Findings after AFG

Study Year No. of Patients
(breasts)

Timing of
Imaging

Follow up,
Months

(mean/median)

Physical
Findings

Mammographic Findings Ultrasound Findings MRI Findings BI-RAD

Fulton30 2003 65 Postop annually Up to 120
Mean 30.72

NR Benign calcifications:
6/65,

Suspicious lesions: 0/65

NR NR NR

Zheng31 2008 66 1 w, 1,3,6, 12
m postop

37 (mean) Palpable mass
11/66

NR Fat necrosis 11/66 NR NR

Zocchi4 2008 181 preop + 1 y
postop

12 (mean) NR Liponecrosis 2/181,
Microcyst 3/181,
Microcalcifications
7/181

Liponecrosis: 2/181,
Microcyst: 3/181,
Microcalcifications:
7/181

NR NR

Carvajal32 2008 20 34.5 m postop
(mean)

34.5 (mean) NR Microcalcifications: 9/20,
Oil Cysts: 4/20, Lipid
Cysts 4/20,
Axillary lymph nodes
14/20,
Axillary lymph
node + Intramammary
lymph node: 1/20,
Heterogeneity of
pectoral muscle
density: 16/20

NR NR Mx: II: 17/20,
III: 3/20,
Of which 2/3
were
reclassified as
II 6 months
later and 1 12
months later.

Delay21 2009 880 postop NS Up to 120 NR Oil Cysts: 132/880 NR NR NR

Illouz33 2009 670 (820) 6 m,1 y postop 136 (mean) NR BIRADS only NR NR Mx: 0: 30/670,
I: 315/670, II:
208/670, III: 117/
670

Veber34 2011 31 16.2 m postop
(mean, SD
13.5 m)

16.2 (median) SD
13.5

NR Microcalcifications: 5/31,
Macrocalcifications: 3/
31,
Cysts: 8/31,
Scar tissue: 4/31

NR NR NR

Wang35 2011 48 18-72 m postop 18-72 (interval)
Mean 22.9

NR Microcalcifications in 8/
48

NR NR NR

Rubin11 2012 27 (216 images) 12 m postop 12 (mean) NR Oil Cysts: 55/216,
Scarring: 38/216,
Calcifications benign/
fat necrosis: 37/216,
Calcifications
warranting biopsy: 10/
216, Mass or
distortion warranting
biopsy: 6/216

NR NR Mx: I: 78/216,
II: 114/216,
III: 10/216,
IV: 14/216

Khouri5 2012 81 Mx: 3, 6, 12 m
postop (> 40
y of age only)
MRI: 6, 12m

44 (mean) NR Micro-/
macrocalcifications:
12/81

NR Fat necrosis: 12/81

Gentile41 2013 100 Preop + 6, 12 m
postop

12 (mean) NR NR NR Cystic
formation +
Macrocalcification:
1/33

NR

Fiaschetti37 2013 15 (24) Preop + 3,6, 12
m postop

12 (mean) Microcalcifications: 5/24
b, Macrocalcifications:
3/24 b, Liponecrosis:
3/24 b

Oil Cysts: 11/24,
Cytosteatonecrosis: 3/
24

Oily cysts: 1/24,
Cytosteatonecrosis:
4/24.

NR

Auclair38 2013 35 Preop + 12 m
postop

12 (mean) NR New calcifications: 0/35,
cysts: 0/35, masses:
0/35

NR NR NR

Khouri6 2014 476 12 m postop 42 15% (71) of
patients. All
confirmed as
benign

Fat necrosis 90/NS (only
>40 yrs women)

NR NR NR

(Continued )
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(n=458) that used centrifugation (range, 15-1200 g or 3000
rpm for 2-4 min) as form of preparation. Furthermore,
a 67.9% retention rate was found in the four studies 5,6,26,39

(n=401) that used the BRAVA system pre- and postopera-
tively. Due to the heterogeneity among the studies regarding
the description of preparation, supplementation, and injec-
tion technique, no association could be found concerning
volume retention. However, regarding the harvesting tech-
nique, most studies reported using either a manual6,30

(2 studies, n= 541) or machine-assisted5,25,36,38,39 (5 studies,
n=355) form of aspiration with volume retentions of 79.0%
and 61.0%, respectively (P=<.0001).

Patient/Surgeon Satisfaction

A total of six studies4,10,25,31,36,40 reported on patient and/
or surgeon satisfaction on a 3- to 5-point Likert scale which
were manually converted to a 3-point-Likert scale using the
conversion model described in Appendix A (available as
Supplementary Material at www.aestheticsurgeryjournal.
com). Three (n= 529) and four studies (n= 463) reported
patient and surgeon satisfaction after AFG, respectively,
over a mean follow-up period of 1 year. Patient satisfaction
was achieved in 92%, and 89% of the surgical teams re-
ported a good result on postoperative photograms or clini-
cal assessments (Table 7).

Risk of Bias Across Studies

A comprehensive overview of the risk of bias across the
studies is given in Table 1.

DISCUSSION

We aimed to give a comprehensive overview of the avail-
able evidence on the employed techniques and outcomes
of AFG in cosmetic breast augmentation. As previously
stated, the authors recently published a systematic review
using the same methodology but reporting on AFG in addi-
tion to onco-plastic breast reconstruction.28 The latter
focuses specifically on the (oncological) safety and efficacy
of AFG following various reconstructive techniques, such
as myocutaneous flap- and prosthetic reconstruction as
well as correction of contour deformities. In this systematic
review, following approximately 3400 patients, during a
mean follow-up period of 34.5 months, an overall total
complication rate of 17.2% (95% CI 15.9-18.5) was found
after breast augmentation with AFG. These results are
similar to reports of studies with a follow-up period of up to
9 years after implant-based augmentation procedures.46

However, safety is not only a matter of direct postoperative
complications because long-term alterations in breast mor-
phology can present a serious challenge in differentiating
benign anomalies from malignancies on radiological

Table 3. (Continued)

Study Year No. of Patients
(breasts)

Timing of
Imaging

Follow up,
Months

(mean/median)

Physical
Findings

Mammographic Findings Ultrasound Findings MRI Findings BI-RAD

Spear36 2014 10 Preop + 12 m
postop

12 (mean) NR BIRADS only NR BIRADS only Mx: 0: 2/10,
I: 3/10, II:
4/10, IV: 1/10
MRI: 0: 5/10,
II: 5/10

Li40 2014 105 18 m postop 18 (mean) Small nodules:
3/105

NR NR - New oil cysts: 0/105
- Fat necrosis: 0/105
- Breast masses: 0/

105
- Benign-appearing

calcifications:
2/105

NR

Chiu10 2014 282 3,6,12 m
postop

23.7 (mean) NR NR Micro-/
macrocalcification: 15/
282

NR NR

Abboud24 2015 80 6 m postop +
annually

24 (mean) NR New Calcifications 0/80,
Cysts: 0/80, Masses:
0/80

NR NR NR

Uda26 2015 12 Mx annually
MRI > 6 m
postop

Mx 37 (mean)
MRI 14 (mean)

NR BIRADS only NR - Small cystic (non-
palpable) regions:
2/12

I: 11/12
III: 1/12
(benign
calcification
on biopsy)

BIRADS, Breast Imaging Reporting and Data System; MRI, magnetic resonance imaging; Mx, mammogram; m, month; NR, not reported; NS, not specified; postop, postoperative; preop, preoperative; pts, patients; r, range; SD,
standard deviation; Sx, sonogram; w, week; y, year.
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Table 4. Overview of Complications and Management

Study Year No. of Patients Complications Management

Fulton30 2003 65 Hematoma: 0/65

Fat emboli: 0/65
Striae of the breast: 2/65

Daily application of Tretinoin

Zheng31 2008 66 Fat necrosis/ cyst formation: 11/66 Extirpation 2/11 (HP: fatnecrosis)

Hyakusoku29 2008 12 Palpable indurations 12/12
Abnormal breast fluid 1/12
Persistent pain 3/12
Infection 1/12
Lymphadenopathy 1/12
Pus discharge 1/12

NR

Zocchi4 2008 181 Hematoma 143/181, Dysesthesia 14/181, Liponecrosis 2/181, Microcyst 3/181

Delay21 2009 880 Infections: 6/880 Drainage, topical treatment, antibiotics, ice

Intraoperative pneumothorax: 1/880 Pleural drain placement

Fat embolism 0/880, Fat necrosis 26/880

Illouz33 2009 820 Striae: 36/820, Hematoma: 88/820

Infection 5/820 Antibiotics

Khouri5 2012 81 Donor site infection (mycobacterial): 1/81 Oral antibiotics and minor incision and drainage

Masses or nodules: 0/81

Gentile41 2013 100 Hematoma (Coleman group): 1/33

Khouri6 2014 476 Infection: 7/476 Antibiotics only

Pneumothorax: 1/476 Chest tube for one day

Fat necrosis: 90/476 , Breast nodules: 71/476

Fiaschetti37 2013 15 Infections: 0/15, Bleeding: 0/15, Hematoma: 0/15, Pneumothorax: 0/15, Postoperative complications (NS):
0/15

Spear36 2014 10 Fat necrosis: 1/10 Radiographic follow up

Pain: 0/10, Palpable lumps: 0/10

Auclair38 2013 197 Infections: 0/197, Hematomas: 0/197, Asymmetry of graft take: 0/197

Cystic masses: 2/197

Donor-site deformity (medial thigh): 1/197 Aspiration (showing fat necrosis)
Additional fat grafting

Li40 2014 105 New oil cysts: 0/105, Fat necrosis: 0/105, Breast masses: 0/105, Benign-appearing calcifications: 2/105

Small nodules 3/105 Aspiration (revealing Fat necrosis)

Chiu10 2014 282 Fat necrosis: 3/282 (2 in group A, one in group B)
Infection: 2/282 (1 in both groups)
Induration and/ or calcification: 15/282 (10 in group A, 5 in group B)

Abboud24 2015 80 Cystic masses: 5/80
Infection: 2/80
Pneumothorax: 0/80
Fat Embolism: 0/80
Donor site complications NS: 0/80

Conservatively, with aspiration in one patient
Oral Antibiotics

Uda26 2015 12 Palpable induration: 0/12
Infection: 0/12

Chiu25 2016 27 Induration and/or calcification: 5/27

Fat Necrosis: 1/27

Recipient site infection: 1/27 NR

BIRADS, Breast Imaging Reporting and Data System; MRI, magnetic resonance imaging; Mx, mammogram; m, month; NR, not reported; NS, not specified; postop, postoperative; preop, preoperative; pts, patients; r, range; SD,
standard deviation; Sx, sonogram; w, week; y, year.
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Table 5. Fat Grafting Technique: Overview of the Form of Anaesthesia, Donor Site, Infiltration Solution, Harvesting, Preparation, Injection Technique Used,
Addition of Supplementation, Rigotomies, Overcorrection, Number of Sessions, and the Injected Volume

Study No. of
Patients

Anesth. Donor Site Infiltration Harvesting Preparation Supplementation Inject. Technique Rig. Over Corr.
(%)

No. of Sessions Volume Injected/
Breast (cc)/ Session

(mean)

Fulton30 65 Gen Th, Fl TS Manual LRS washing + water/
oil removal

PRP (2x C/ 5600, 2400
rpm 400-500 cc
blood)

Blunt triple-port
cannula, multiplane
(subpect., pect.,
retroglan.),
retrograde manner

NR NR 1 200-300

Zheng31 66 NR Abd, Tr, Th NR vMA NaCl washing + C/ 600
rpm for 2 min

NR 3 mm blunt cannulas,
multiplane
(subcutan.,
inframammary,
subgl.) manner

NR NR 17 (3), 21 (2), 28 (1) 60-120 subcut. (101),
60-90 subgl. (73)

Carvajal32 20 NR Abd, back,
Th, arms

NR NR NR NR Retrogland./ pect.
injection

NR NR NR 150-300 (235)

Zocchi4 181 Gen Tr, GM NaCl/ Epi Manual Washing + vibration
(30 sec)

BRAVA (30 days preop/
12 h/day)

2 mm flex and stiff,
curved cannulas,
biplane (retrogland.
subcut.) retrograde
manner

NR NR 1 160-745 (375)

Delay21 880 Gen Abd, Th, KN,
Tr

NR Manual C/ 3200 rpm for 3 min. NR Multiplane (deep-
superficial)
retrograde manner

NR NR NR NR

Illouz33 820 NR Abd. Fl, Th,
KN

NaCl/ Epi Manual Decanting: 10-15 min. NR 2,5 mm cannula,
multiplane (subcut.
and intraglan.)
retrograde manner

NR NR 1-5 25-180 (145)

Veber34 31 NR NR NR CT Coleman technique NR Multiplane (subcut.,
retropect.) manner

NR NR 2 (3), 5 (2), 24 (1) (200.8)

Rubin11 27 Gen NR NaCl/ Epi MA NR SVF 18 G needle, multiplane
(subcut., pect.),
machine driven
manner

NR NR NR (267.2)

Wang35 48 Loc NR NR Manual NR NR 2 mm cannulas,
singleplane
(retromammary)
retrograde manner

NR NR NR 50-170

Khouri5 81 NR NR NR vMA C/ 15 g for 3 min. BRAVA: preop, 10 h/day
for 4 weeks, postop
24-72 h + nightly

2,4 mm blunt
cannulas,
multiplane
(subdermal,
subcut., subgland.,
pect., subpect.),
machine driven,
retrograde manner

NR NR 1 (282)

Gentile41 100 Gen Abd NR Manual C/ 3000 rpm for 3 min PRP vs AFG 1-2 mm cannulas,
multiplane,
retrograde manner

NR NR NR (120.0)

Khouri6 476 NR NR NR Manual C/ 15 g for 2 min BRAVA: preop, 10 h/day
for 2-4 wks, postop
3-4 wks

2.4 mm cannula,
multidirectional
manner until
interstitial pressure
of 9mmHg

Yes NR 8 (3), 73 (2), 395 (1) (329.3)

Fiaschetti37 15 Gen NR KS NR C/ 3000 rpm for 4 min NR Coleman microcannula,
multiplane
retrograde manner

NR NR 2 (187)

Spear36 10 NR Abd, Th NR MA C/ 3000 rpm for 3 min NR Blunt cannula,
multiplane (subcut.,
subglan.,
intramusc.)
injection

NR NR 1 90-324 (243)

Del Vecchio39 30 NR Th NaCl/ Epi MA C/ 30-40 g, for 3 min BRAVA: 3 weeks
preoperative (NS)

14 G Coleman needle,
single plane
(subcut.) manner

NR NR 1 (606.7)

Auclair 38 197 NR NR NR MA C/ 3000 rpm for 2 min NR 1.5-1.6 mm cannula,
multi plane
(subcut.,
retrogland, around
implant) retrograde
manner

NR NR 5 (2), 192 (1) NR

(Continued )
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examinations. Findings on mammograms, sonograms, and
MRIs after AFG treatment appear similar to those findings
after other forms of breast surgery.11,47,48 Benign irregulari-
ties consisted of cysts, fat necrosis, calcifications, and scar
tissue. Cysts are best differentiated from solid masses by way
of a sonogram49 and are described as oval hypoechoic find-
ings, anechoic points, and anechoic areas with regular
walls.43 An MRI is the best method to detect fat necrosis and
differentiate it from oil cysts. It is decribed as heterogeneous-
ly hyperintense (appearing lighter in color than surrounding
tissues) on T2 weighted images (water=bright/fatty con-
tent=dark).50,51 The presence of decreased signal intensity
in the center of fat necrosis is key to differentiating it from a
cancerous tumor, which, contrary to fat necrosis, can have a
necrotic center.52,53 Calcifications after AFG are easily seen
on mammograms as white calcium deposits located in the
wall of cysts or as coarse irregular spots, sometimes sur-
rounding radiolucent areas of fat necrosis. These benign fea-
tures are generally easily differentiated from malignant
clusters of pleomorphic micro-calcifications on the basis of
morphology, size, and distribution.54-56 Furthermore, these
findings seem to agree with recent large cohort
studies4,11,21,33,34,47,48 that showed that most benign irregu-
larities were easily distinguishable from malignancies as
long as good communication exists between the surgeon

and radiologist. Fortunately, radio diagnostic techniques and
corresponding radiologist experience are continuously im-
proving, enabling radiologists to interpret these findings
more and more accurately.

The efficacy of the technique is assessed by retention
of the inserted volume and by the satisfaction with the
results reported by the patient and surgeon. Eight articles
reported an average volume retention of 62.4% (range,
44.7%-82.6%) after a mean follow-up period of 16.6
months. However, it should be noted that six of these arti-
cles used an auxiliary method for achieving higher volume
rates, as well as retention, which can create a reporting bias
since these results are not representative of the volume re-
tention after the solitary use of AFG. Furthermore, the
higher volume retention seen after manual aspiration
should be interpreted with caution because substantial
confounding variables exist. The reported satisfaction was
considered high; on average, 92% of the patients and 89%
of the surgeons were satisfied with the results. These satis-
faction rates after a 1 year follow-up period and in a small
cohort of patients seem to surpass those reported after
implant-based augmentation procedures.57 The following
two recently published articles are especially worth men-
tioning in regard to the AFG technique: 1) systematic
review by Strong et al,2 which showed higher retention

Table 5. (Continued)

Study No. of
Patients

Anesth. Donor Site Infiltration Harvesting Preparation Supplementation Inject. Technique Rig. Over Corr.
(%)

No. of Sessions Volume Injected/
Breast (cc)/ Session

(mean)

Chiu10 282 Gen + Loc (NS) NR LRS/ Lido/
Epi

MA C/ 800 g for 4 min SVF Multiplane (subcut.,
intramusc.,
retromusc., and
premusc.) manner

NR NR NR (247.5)

Li40 105 Gen Abd, Fl, Tr,
Th, KN,
arm

NaCl/ Lido/
Epi

MA NaCl washing
3-4x + cotton pad
decanting

NR 14 G blunt cannula,
multiplane (retro-/
intraglan., subcut.)
manner

NR NR 5 (3), 20 (2), 80 (1) (205)

Abboud24 80 Gen Fl, Th, Abd KS MA C/ 3000 rpm and 0.7
atm, time NS

NR Customised v-shaped
multihole 3 mm
cannula, multiplane
(superficial, deep
subcut.,
parenchymal,
pericapsular,
muscular and
submusc.) manner

NR Yes 80 (1) 300-600 (420)

Uda26 12 NR 1st session:
Th, Abd/
GM, Wst

NR NR C/ 1200 g for 3 min BRAVA: 10 hrs/day for 4
wks preop + 10
hrs/day for 2 weeks
starting on postop
day 1

Multiplane (subcut.,
subglan.,
intramusc.,
submusc.) using
microdroplet
technique

NR NR 9 (1), 3 (2) 100-350 (211)

Chiu25 27 Gen + Loc (NS) Th, Hips, Fl,
Abd, Cl

LRS/ Lido/
Epi

MA C/ 800 g for 4 min SVF 14 G single-hole
cannula, multiplane
(subcut., subglan.,
supramusc.,
intramusc.)
manner.

NR NR NR (247)

abd, abdomen; atm, atmosphere; c, cold; C, centrifugation; Cl, calves; CS, Colemans solution; CT, Coleman technique; DS, deep sedation; epi., epinephrine; Fl, flanks; g, G-force; G, gauge; Gen, general anesthesia; gland., glandular; GM, gluteus region; h, hour; intraglan.,
intraglandular; intramusc., intramuscular; KN, knees; KS, Kleins solution; Lb, left breast; LD, latissimus dorsi; lido, lidocaine; LLS, Luer lock syringe; Loc, local anesthesia; LR, lumbar region; LRS, lactate ringer solution; MA, machine assisted; NaBic, sodium bicarbonate;
NAC, nipple areola complex; NaCl, sodium chloride; NR, not reported; NS, not specified; pect., pectoral; PG, puregraft; postop, postoperative; preop, preoperative; Rb, right breast; retrogland., retroglandular; retromusc., retromuscular; retrospect., retrospctoral; rpm, range per
minute; Sed, analgesic sedation; subcut., subcutaneous; subgl., subglandular; subpect, sub-pectoral; supramusc., supramuscular; SVF, stromal vascular fraction; Th, thighs; Tr, trochanteric region; TS, tumescent solution; vMA, vacuum machine assited; Wst, waist.
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rates with centrifugation and slow injection of fat and 2)
special topic article by Zielins et al,58 which highlights the
latest in vitro, as well as in vivo, findings regarding impor-
tant steps in the AFG process. In summary, the authors de-
scribed the perception of a three-zone survival system (ie,
surviving, regenerating, and necrotic) when it comes to fat
graft survival as previously described by Eto et al59 The
highest yield of AFG volume results from the survival of the
regenerating zone, which brings forth ASCs with the

potential for differentiation and replacement of “losses” in
the necrotic zone, as well as the increased survival through
the enhancement of revascularization. Furthermore, these
ASCs, as well as the actual adipocytes, seem to thrive on
the use of larger cannula sizes for harvesting, as well as in-
jection (5-6 mm), than was previously reported by the
ASPS Fat Grafting Task Force (3-4 mm).60 Another interest-
ing aspect of AFG, as it was thought to make little difference
in aesthetic outcomes,61,62 is the importance of the donor

Table 6. Volume Retention: Overview of the Auxiliary Method, Method of Measuring Volume Retention, Indications, Number of Sessions, Mean Total
Injected Volume, Volume Gain, Percentage of Gain Relative to the Injected Volume, and Follow-up

Study Year Auxiliary
Method

Meth. of
Measuring

Indication Pat. # Mean Preoperative
Breast Volume

(mL)

Sessions Mean total
Injection
Volume/

Breast (mL)

Mean Volume
Gain/Breast

(mL)

Volume Gain
Relative to
Graft Volume

(%)

Follow-up
(months)

Fulton30 2003 PRP VM Cosmetic 65 NR 1 200-300 NR 73 (r 20-140) -120

Khouri5 2012 BRAVA MRI Cosmetic 71 371 1 282 233 (r 60-619) 82.6 12

Auclair38 2013 Implants 3D Cosmetic 20 164.4 NR 368 204.9 56.1 12

Spear36 2014 NR MRI/ 3D Cosmetic 10 75.3 (r 48.6-125.5) 1 236 (r 90-324) 105.5 (r 63.8-186.8) 44.7 12

Del Vecchio39 2014 BRAVA 3D Cosmetic 24 196.6 1 610.0 305.8 50.1 12

Khouri6 2014 BRAVA MRI Cosmetic 294 319 8 (3), 73 (2),
395 (1)

367 293 79.8 42

Uda26 2015 BRAVA MRI Cosmetic
(symmetrisation
unaffected
breast after
reconstruction)

12 NR 3 (2), 9 (1) 263
(r 150-560)

155.17 59.0 14

Chiu25 2016 SVF Sonogram Cosmetic (AFG
for implant
removal)

27 NR 27 (1) 247 NR 54.0a 12

3D, three-dimensional; BRAVA, breast enhancement and shaping system; CT, computer tomography; I-Fc, implant-to-fat conversion; MRI, magnetic resonance imaging; NR, not reported; PRP,
platelet-rich plasma; r, range; SVF stromal vascular fraction; VM, volumetric.
aThis percentage was a calculation of the difference in breast thickness (measured in millimeters at 9 o’clock and 3 o’clock direct periareolar) measured by sonogram directly after implant removal
compared to the thickness measured at the last follow-up examination.

Table 7. Patient/Surgeon Satisfaction

Study Year No. of Patients Follow-up (months) Patients Satisfaction Surgeons Satisfaction

Measurement

Zheng31 2008 66 37 (mean) Satisfied 80.3%, Neutral 0%, Dissatisfied 19.7% PPoPc/ three IS Good 78.8%, Neutral 0%, Poor 21.2%

Zocchi4 2008 181 12 (mean) Satisfied 91.7%, Neutral 5.5%, Dissatisfied 2.8% NS Good 80.7%, Neutral 13.8%, Poor 5.5%

Spear36 2014 10 12 (mean) NR PPoPc/ 14 (BO) (NS) Good 10%, Neutral 50%, Poor 40%

Li40 2014 105 18 (mean) NR Three IS (NS) Good 83.8%, Neutral 0%, Poor 16.2%

Chiu10 2014 282 23.7/23 (mean) Satisfied 85.5%, Neutral 0%, Dissatisfied 14.5% PPoPc/ one IP Good 85.8%, Neutral 0%, Poor 14.2%

Chiu25 2016 27 27.1 (mean) Satisfied (r 67-100%): 27/27
Neutral (r 33-66%): 0/27
Dissatisfied (r 0-33%): 0/27

PPoPc/ one IP Good (r 67-100%): 27/27
Neutral (r 33-66%): 0/27
Poor (r 0-33%): 0.27

BO, blinded observers; IP, independent physician; IS, independent surgeon(s); NR, not reported; PPoCc, pre-/postoperative clinical comparison; PPoPc, pre-/postoperative photo comparison; PoAo,
postoperative analysis only.
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site location. Saint-Cyr et al63 recently reported better
volume retention of trochanteric harvested fat, which they
attributed to higher numbers of adipocytes and so called
“colony forming units.” With all of these different aspects,
as well as external factors like supplementation (ie, PRP/
SVF) and auxiliary methods (ie, BRAVA system) affecting
the outcome, AFG remains a well-studied topic in which
much information is yet to be discovered. However, despite
all of these advancements, we should remain cautious
because several experimental studies still show the poten-
tial danger of the interaction between adipose-derived stem
cells and mammary epithelial cells, as well as the potential
of CD34+ progenitors in white adipose tissue, to promote
cancer stimulation/progression.45,64-67

Limitations

This systematic review has several limitations. Reported ev-
idence on the outcomes of AFG in cosmetic breast augmen-
tation is still scarce. Only low-level studies (OCEBM III/IV)
and mainly retrospective studies without a control group
were found. The use of validated measurement tools to
assess patient-reported outcomes is lacking, and data on
oncological outcomes are absent. Heterogeneity between
studies in reported outcomes and nomenclature regarding
radiological findings and complications makes it difficult to
draw conclusions. This was partly resolved by combining
similar terms under one common nominator (eg, oil cysts
and lipid cysts), but this may have introduced some bias.
The mean volume retention in this review is the outcome of
the reported percentages of the remaining volume after the
follow-up period in the different studies. The heterogeneity
between the studies in calculation of this volume retention
can, however, cause a reporting bias. It should also be
noted that several studies6,21,33,37,39-41 report outcomes over
a mixed cohort of patients without differentiating the out-
comes based on indication. Finally, some articles report
outcomes over a total cohort of both cosmetic and recon-
structive patients. Both factors can independently cause a
reporting bias. Therefore, since a systematic review can
only be as strong as the articles it includes, certain caution
is appropriate when interpreting these results. The aim of
this systematic review was to complement the already
broad knowledge base on the subject of AFG in cosmetic
breast surgery. The authors believe this systematic review
accomplishes that by the addition of three recently pub-
lished studies,24-26 as well as the exclusion of case series/
reports and studies with insufficient follow-up periods
(specifically for the AFG technique).

CONCLUSIONS

This review provides an updated overview of the important
outcomes of AFG for cosmetic breast surgery. Although the

evidence is still limited, AFG seems to be a promising
method to achieve cosmetic breast augmentation with en-
couraging volume retention and satisfaction rates in a small
number of studies. Complication rates and radiological
findings are comparable to those after implant-based aug-
mentation. However, good-quality RCTs are needed to
compare augmentation techniques, grafting methods, and
use of auxiliary methods to further assess safety and identi-
fy which factors affect the outcomes. Also, larger cohorts
and longer follow-up periods are necessary to focus on
cancer occurrence and detection to further substantiate the
safety of this technique. Finally, more objective question-
naires, such as the BREAST-Q,68 are essential to evaluate
patient satisfaction in breast surgery.
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