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KEYWORDS SUMMARY  Background: Autologous fat transfer (AFT), also known as fat grafting or lipofilling,
Autologous fat has already become a part of clinical practice for treating contour deformities of the breast,
transfer; even though evidence regarding its efficacy is still lacking. This is the first meta-analysis on
Breast reconstruction; this subject, aimed to facilitate intuitive interpretation of the available data by clinicians,
Mastectomy; guideline committees and policy makers.

Lumpectomy; Methods: A literature search was performed on 1 September 2017 in PubMed, EMBASE and the
Congenital breast Cochrane Library to identify all relevant studies. A rigorous data extraction and standardisation
deformity; process allowed pooling of clinical outcome data into a meta-analysis.

Breast cancer Results: Eighty-nine studies consisting of 5350 unique patients were included. The mean

follow-up was 1.9 years. Meta-analysis revealed a very high overall patient and surgeon sat-
isfaction rate of 94.3% and 95.7%, respectively, which was also confirmed by high satisfaction
scores and Breast-Q scores. Overall, only 1.5 sessions were needed to achieve the desired re-
sult. Though evidence on the long-term volume retention is lacking, based on the current data
it was calculated to be 52.4% at one year. Only 5.0% of procedures resulted in clinical compli-
cations and 8.6% of breasts required biopsy due to abnormal clinical or radiological findings.
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Conclusions: AFT seems to be an effective procedure in breast reconstruction, reflected by the
high patient and surgeon satisfaction and low incidence of clinical and radiological complica-
tions. Future research should focus on evaluating the technical and patient factors influencing
the rate of fat resorption as well as its oncological safety.

© 2018 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El-
sevier Ltd. All rights reserved.
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Introduction The high demand for AFT among patients and plastic sur-

More than two decades have passed since pioneers such as
Coleman helped transform autologous fat transfer (AFT),
also known as fat grafting or lipofilling, into a relatively
simple and effective procedure for treating soft-tissue defi-
ciencies. Its application in the breast has been of particular
interest to plastic surgeons, as the prospect of achieving
an autologous reconstruction by a minimally-invasive pro-
cedure offers numerous advantages to conventional tech-
niques. AFT has been shown to excel primarily in the
restoration of contour deformities in the breast, which can
essentially involve any primary breast defects of congeni-
tal (e.g. Poland syndrome) or acquired origin (e.g. lumpec-
tomy), as well as residual local volume deficiencies after
breast reconstruction.

geons alike has resulted in a widespread application over
the years as reflected by the large number of published
studies. Unfortunately, despite the predominance of en-
couraging findings in the literature, the evidence is still
severely limited due to the lack of reliable data from ran-
domised controlled trials (RCTs). Currently, our understand-
ing of AFT is based on the individual findings of primarily
case-series and cohort studies differing in indications, sur-
gical technique and outcome measures, which has resulted
in a body of knowledge that is highly fragmented and diffi-
cult to interpret. In addition, inconsistent findings related
to the rate of fat resorption have engendered divergent
and even polarised views among many plastic surgeons on
whether AFT is a reliable solution for correcting contour de-
formities of the breast. This has inspired many systematic
reviews in the past that reached the unanimous conclusion
that results of AFT are encouraging but unconvincing due
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to the low level-of-evidence.""" Unfortunately, as most of
these papers relied on summarising results from individual
studies, they have not been able to provide more definite
answers on key questions, such as:

1. How satisfied are patients and surgeons with AFT?

2. What is the expected volume retention of grafted fat in
the long-term?

3. What are the risks with AFT?

Without the prospect of the acquisition of high-quality
data from randomised trials in the near future, there is an
urgent need for a thorough examination of the published lit-
erature on AFT in the form of a meta-analysis. Ultimately, it
would also facilitate a more straightforward interpretation
by clinicians, guideline committees and policy-makers and
help reach consensus regarding efficacy of AFT in correcting
contour deformities of the breast.

Research objectives

To identify, evaluate and synthesise the evidence examin-
ing the overall efficacy of AFT for the correction of contour
deformities of the breast. Efficacy is defined as the perfor-
mance of AFT with respect to relevant outcome measures
such as the rate of patient and surgeon satisfaction, quality
of life, volume retention, the need to repeat the procedure
as well as the associated clinical and radiological complica-
tions.

Patients and methods
Search strategy

This systematic review adhered to the standards of the
Cochrane Handbook for Systematic Reviews of Interven-
tions'? and was written in the format provided by the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement'® (Online supplement 1 -
eTable 1). A comprehensive, reproducible electronic search
was conducted in PubMed, EMBASE and the Cochrane Li-
brary to identify all published studies with human subjects
receiving the intervention AFT for volume correction of con-
tour deformities of the breast (Online supplement 2 - eTable
2 and 3). The search was performed on 1 September 2017.
Eligibility assessment was performed in a standardised man-
ner. The retrieved hits were screened and reviewed by two
independent reviewers (T.K and G.A.) based on the title and
abstract using predefined inclusion and exclusion criteria.
Disagreements were solved through discussion until consen-
sus was reached. An additional assessment was performed
based on the full-text versions of all selected papers and
those with insufficient information in the title and abstract.
Finally, if studies from the same author or institution con-
ducted in the same time period and reporting the same out-
comes were suspected for overlap of more than 25% of the
sample size, only the largest or most relevant study was
included. All references were stored in Endnote Reference
Management Tool, (version X7.3.1, Thomson Reuters).

Data collection

To conduct a meta-analysis, a thorough extraction of all rel-
evant data was performed (Online supplement 2 - eTable
4). In some occasions, authors were contacted to send ad-
ditional data. In cases when key data were reported only in
graphs or figures, the data were extracted using the Web-
PlotDigitizer software. Whenever necessary, units were
transformed to a standard format to ensure comparabil-
ity and allow pooling of data. Continuous variables re-
ported in the form of median + range were transformed into
mean =+ standard deviations (SD) using the standard estimat-
ing equations used for meta-analyses.'® To standardise scor-
ing systems or scales consisting of different ranges of val-
ues, these were arithmetically converted into a 0-10 point
scale, resembling a standard Visual Analogue Scale (VAS).
Similarly, categorical outcomes reported as Likert scales
(e.g. degree of satisfaction), were dichotomised to allow
analysing as proportions. In addition, this also acted as a
means of standardisation of scores from different scales by
taking the lowest common denominator.

Statistical analysis

Meta-analyses were performed using the RStudio software
(Version 1.0.136 - © 2009-2016 RStudio, Inc., package
‘metafor’ )."®" Summary measures were pooled in a stan-
dard random-effects model and presented as forest plots.
All categorical outcomes were pooled and analysed as pro-
portions, before converting them into percentages to allow
more intuitive interpretation. Continuous variables were
analysed without additional transformations. To reduce het-
erogeneity between studies, subgroup meta-analyses were
performed for most outcomes by segregating studies based
on known or presumed confounders (e.g. indications).

Results
Study selection

The electronic search yielded a total of 776 unique hits
(Figure 1). Screening of the title and abstract lead to the
inclusion of 160 records for further evaluation. A total of 85
studies were selected through further screening of the full-
text. Exclusion criteria included unavailability of the full-
text, secondary sources (reviews, commentaries), the use of
AFT for breast augmentation, the use of supplements (such
as platelet rich plasma, PRP or stromal-vascular fraction,
SVF) and pre-expansion devices (such as BRAVA). In addition,
studies investigating the efficacy of AFT for total breast re-
construction as opposed to contour deformities, were also
excluded. Case reports (defined as reports of five cases or
less) were also not considered for inclusion. Seven articles
that were only available in French were translated to aid
the data extraction. Screening of the citations, references
and related articles of the 85 selected records yielded four
additional hits, leading to the definite selection of 89 stud-
ies.
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Figure 1 Flowchart of the search strategy. Legend:

n=number of studies, P=population, |=intervention,
0 =outcome, suppl. =supplements (e.g. PRP, stromal-vascular
fraction enrichment).

Study characteristics

Eighty-nine clinical studies were identified for inclusion'8-1%
(Table 1). These studies consisted of 60 case-series, 27 co-
hort studies and two RCTs. Of these, the vast majority of the
studies were retrospective (n=71) and were conducted be-
tween 1983 and 2016. Of the 89 included studies (7434 pa-
tients), 23 were suspected of the risk of significant overlap
in patient populations, resulting in 66 studies comprising of
5350 unique patients. Although most of the trials were ret-
rospective analyses, the vast majority (79.8%) of the trials
specified to have included only consecutive patients treated
with AFT, which reduces the risk of selection bias (Online
supplement 3 - eTable 5).

Population

An overview of the patient populations in the included stud-
ies is presented in Figure 2. Each individual study would
typically evaluate the effect of AFT treatment in a spe-
cific patient population or indication. Most commonly, it
would involve a series of oncological (breast cancer) pa-
tients with disfiguring contour deformity after mastectomy
(MST), breast conserving therapy (BCT) or both (any onco-
logical deformity). Less frequently, studies would evaluate
the efficacy of AFT for a heterogeneous group consisting of
both oncological and congenital patients (any deformity).
Only a few studies, with a combined total of less than 100
patients investigated the role of AFT in the correction of
congenital deformities. The overall age of patients receiv-
ing AFT to the breast was 46.7 years (95% Cl 44.4-48.9), but

this was significantly lower in the subgroup of congenital pa-
tients - 21.8 years (95% Cl 19.0-24.5). The mean body mass
index (BMI) of all included patients was 25.3 kg/m? (95% Cl
24.6-26.0).

Intervention

Of the included trials, consisting of 5350 patients undergo-
ing 8088 procedures, the vast majority of trials adhered to
the principles of AFT as described by Coleman,’”” though
some variations have been described for each step of AFT.
For more information, see Online supplement 4.

Control group

Only 14 studies provided relevant control groups to allow
comparison of the results of AFT treatment with a control
treatment. In six studies, one of the treatment arms in-
volved the use of supplements in addition to AFT (excluded
from the analysis), treating the remaining AFT arms as case-
series. As most of the studies did not have a control group,
no direct comparison between AFT and controls could be
made in the meta-analyses.

Outcome measures

As almost every study reported the number and type of ad-
verse events observed after AFT, the complication rate was
the most common outcome in the literature (57 studies).
It was followed by the patient satisfaction obtained from
questionnaires (27 studies) and the surgeon satisfaction
based on pre- and post-operative photographs (26 studies).
Twelve studies reported the biopsy rates in treated breasts
due to suspicious clinical (e.g. palpable mass) or radiologi-
cal findings (e.g. fat necrosis) resulting from the procedure.
Furthermore, eight studies reported high-precision, serial
volume measurements to determine the volume retention
of grafted fat over time. Another one of the less com-
monly reported outcomes is the satisfaction with the out-
come/breasts and the breast-related quality of life, mea-
sured by the Breast-Q (seven studies). Lastly, four studies
assessed the role of AFT in post-mastectomy pain syndrome,
whilst another three evaluated its cost-efficiency, but the
data were insufficient to allow pooling into meta-analyses.
More detailed descriptive statistics on the outcome mea-
sures can be found in Online supplement 5.

Meta-analysis

Patient and surgeon satisfaction - categorical data
Meta-analysis of categorical data revealed an overall pa-
tient satisfaction of 94.3% (95% Cl 89.9-96.9), after a mean
follow-up of 1.9 years (Figure 3). It varied between 93-98%
among subgroups, but the differences were not significant.
Similarly, a very high percentage of the plastic surgeons
were satisfied with the result - 95.7% (95% ClI 90.5-98.1),
after a mean follow-up of 1.8 years.

Patient and surgeon satisfaction - continuous data

Meta-analysis of reported mean patient satisfaction scores
resulted in an average score of 7.4 (95% Cl 6.8-8.1), with-
out significant differences between MST and BCT subgroups
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Table 1 Baseline table of all studies '%#x2013;105
Study characteristics Demographics Intervention Reported outcomes
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1 Amar (2008)% CS no 15 BCT 53 - AFT 1.0 0.8 v v v v v 4
2 Beck (2012)% CS no 10 BCT 49 - AFT 1.0 30 VvV V v v v 4
3 Bennett (2017)2 CH no 165 MST 48 27 AFT - 1.0 v v 2b
1883 MST 50 27 C - 1.0 v v
4 Betal (2011)% cS 6 28 ONC - - AFT - - v 4
5 Biazus (2015)% CS no 20 BCT 55 27 AFT 1.0 - v v v v 4
6 Bonomi(2013)% cs 4 31 MST 55 -  AFT 1.3 18 V v a4
7 Brault (2017)* CH no 15 cong. 21 -  AFT 1.5 0.5 4 v v 2b
22 cong. 25 - C - 0.5 v v
8 Brenelli (2010)® CS 96571 158 ONC - - AFT 12 15 v 4
9 Brenelli (2014)= CcS 865,71 59 BCT 50 - AFT 13 29 v v 4
10 Brown (2017)% CS no 88 ONC 47 25 AFT 1.8 13 v v v a4
11 Brzezienski (2017)2 |CH no 13 any - - AFT - - v 2b
24 any - - AFT - - v
12 Caviggioli (2016)% CH 54 131 ONC - - AFT 1.0 1.0 v 2b
78 ONC - - C - 1.0 v
13 Chirappapha (2015)*® CS 65 137 ONC 65 - AFT 1.6 13 v v 4
14 Choi (2013)* CS no 90 ONC 50 - AFT 1.0 04 v 4
15 Cigna (2012)% cs 70 20 MST 65 -  AFT 1.0 1.0 v v v a4
16 Cogliandro (2017)2 CH no 46 MST 41 -  AFT 22 25 v 2b
24 MST 41 - C - 2.5 v
17 Cohen (2017)* CH 14 248 MST 53 25 AFT 1.23 - v 2b
581 MST 48 26 C - - v
18 Coleman (2007) CS no 17*  any 38 - AFT 12 - v v 4
19 Constantini (2013)** CS 73,74 24 ONC 51 - AFT 22 10 v v 4
20 Cuomo (2014)¥ CH no 22 MST 45 -  AFT 1.0 03 v v 2b
18 MST 45 - C - 0.3 v
21 De Blacam (2011)% CS no 49 MST 111 -  AFT 16 1.4 v v 4
22 Debald (2017)2 CS no 40 ONC - - AFT 1.7 0.8 v v 4
23 Delay (2008)* CS 24,3465 42 BCT 51 22 AFT 13 17 Vv v v a4
24 Delay (2009)* CS 23,2534, 303 any - - AFT 29 1.0 v v 4
65,66,81
25 Delay (2013)% cSs 24 31 cong. 23 22 AFT 1.5 65 VY v v v 4
26 Derder (2014)2 CS no 10 cong. 18 -  AFT 1.7 57 VY v v 4
27 Doren (2012)* cS 64 278 MST 51 27 AFT 14 23 VY v o o4
28 Gabriel (2016)* CH no 98 ONC 52 27 AFT 14 0.5 v v 2b
96 ONC 50 27 AFT 1.7 05 v v
29 Gentile (2012)% cs 30 10 any - - AFT 1.0 1.0 v v 4
30 Gentile (2013)* cs 29 50 any - - AFT 10 10 YV v o4
31 Gentile (2015)% CS no 10 any - - AFT 20 10 V v 4
32 Hammond (2015)® CS no 22 MST 47 -  AFT 14 09 v 4
33 Helme (2014)® CS no 29 BCT - - AFT 1.7 31 v 4
34 Hitier (2014) CS 23,24,65 150 ONC 51 22 AFT 1.1 19 Vv 4 v a4
35 Ho Quoc (2013)% cs 37 19 cong. 20 28 AFT 16 10 Vv v v 4
36 HoQuoc (2013) (2)2 CS 36,38 1000 any 39 -  AFT - 4.5 v 4
37 Ho Quoc (2015)** cS 36 27 MST 52 25 AFT 1.0 03 v 4
38 Hogan (2015)* CS no 13 cong. 25 26 AFT 2 - v a4
39 Ihrai (2013)*® CS no 64 ONC - - AFT 16 3.9 v v 4
40 Irani (2012)* CS no 25 MST 52 -  AFT 1.1 20 v Vv v YV v a4
41 Jones (2015)% CS no 100 ONC - - AFT 14 - v 4

(continued on next page)
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Table 1  (continued)
42 Juhl (2016)* RCT no 8 MST 60 26 AFT 11 05 v v 2b
7 MST 59 24 C - - v
43 Kanchwala (20092 €S no 110 MST - - AFT 1.5 - v v 4
44 Kaoutzanis (2014)® €S 45 108 MST 48 -  AFT - 1.3 v 4
45 Kaoutzanis (2016)2  CS 44 108 MST 48 -  AFT 13 1.7 v v 4
46 Khan (2017)2 CH no 35 BCT 49 - AFT 13 3.0 2b
39 BCT 54 - C 13 3.0
47 Kim (2014)% CS no 102 MST 46 - AFT 13 24 v v v 4
48 Komorowska (2017)2 |CH no 26 MST 49 25 AFT 13 26 v 2b
59 MST 51 26 AFT 14 26 v
49 Kristenstein (2015} CS no 176  any 53 - AFT 20 - v 4
50 Lakhiani (2014)% CH no 3 MST 52 26 AFT 13 05 v v 2b
16 MST 52 27 AFT 1.9 05 v v
4 MST 52 25 C - 0.5 v
51 Laporta (2015)% CH no 20 MST 45 23 AFT 11 19 v v v 2b
20 MST 45 29 C - 2.1 v v
52 Le Brun (2013)%2 CS no 42 MST - - AFT 16 20 v 4
53 Losken (2011)2 cs 67 107 MST 52 -  AFT 13 0.7 v 4
54 Maione (2014)™ CH 12 59 BCT 51 30 AFT 1.0 08 v v 2b
37 BCT 54 30 C - 0.9 v
55 Mestak (2014)2 RCT no 15 BCT 38 - AFT 1.0 1.8 v v v v v 2b
15 BCT 38 - AFT 1.0 18 v v v v v
56 Missana (2007)2 CS no 69 ONC 51 - AFT 1.2 1.0 v v v 4
57 Molto Garcia (2014)* CS no 37 BCT 55 -  AFT 1.0 1.0 v v 4
58 Momoh (2012)> CS no 33 MST 42 -  AFT 1.3 05 v v 4
59 Murphy (2011)* CS no 100 any - - AFT 16 - v a4
60 Murthy (2016) CS no 33 MST - - AFT 15 - v 4
61 Nelissen (2015)% CS no 23 MST 52 23 AFT 1.0 04 v 4
62 Niddam (2016) 2 CS no 20 MST 55 26 AFT 11 11 v 4
63 Panettierre (2009)® [CH no 20 MST 48 - AFT 34 15 v v 2b
41 MST 49 - C - 1.5 v
64 Parikh (2012)% cs 27 286 MST - - AFT - 1.0 v v 4
65 Petit (2011)% CS 8-10,23-24,66, 513 ONC 52 - AFT 13 16 v v 4
71,75-76,81
66 Pierrefeu (2006)2 CS 24,6581 30 MST 51 - AFT 13 1.0 v 4
67 Pinell (2015)* cs 53 46 MST 50 - AFT 12 42 v 4
68 Pinsolle (2008)& CS no 8 cong. 25 -  AFT 21 - v 4
69 Qureshi (2017)% CH no 9 MST 44 24 AFT - 1.3 v v 2b
6 MST 44 24 C - 1.3 v v
70 Ribuffo (2013)% CH 15 16 MST 50 - AFT 14 15 v 2b
16 MST 49 - C - 1.5 v
71 Rietjens (2011)% CS 85,65 158 MST 48 -  AFT 12 15 v v 4
72 Russe (2014)%2 CS no 155 any 46 - AFT 1.5 - v 4
73 Salgarello (2011)* cs 19 25 any 47 - AFT 19 08 v v v v 4
74 Salgarello (2012)2 cs 19 16 MST 41 -  AFT 24 12 v v v v v 4
75 Sarfati (2011)2 CS 6576 28 MST 45 -  AFT 1.8 14 v v v 4
76 Sarfati (2013)% CS 6575 68 MST 46 -  AFT 23 19 v v v 4
77 Schultz (2012)* CS no 44 MST 53 24 AFT 15 05 v v 4
78 Serra-Renom (2010)® CS no 65 MST 48 -  AFT 21 1.0 v v v 4
79 Seth (2012)* CS no 69 MST 49 25 AFT 11 21 v 4
80 Silva (2016)Z CS no 195 ONC 52 24 AFT 16 26 v 4
81 Sinna (2010)% CS 24,6566 200 MST 49 23 AFT 12 12 v v a4
82 Small (2014)% CH no 27 MST 49 -  AFT 1.0 04 v 2b
46 MST 49 -  AFT 1.0 04 v
83 Sommeling (2017)*2 ¢S no 15 MST 46 -  AFT 32 28 v v 4
84 Spear (2005)** CS no 37 MST - - AFT 1.1 1.3 v v 4
85 Thekkinkattil (2015)*2 CS no 10 MST 56 - AFT 30 33 v v 4
86 Tissiani (2016)*2 CS no 8 MST 50 26 AFT 1.0 14 v v 4
87 Turnhout (2017)** CS no 109 BCT 55 26 AFT 20 22 v v 4
88 Veber (2012)*® CS 6581 20 MST 45 22 AFT 12 1.0 v v 4
89 Weichmann (2013)*® €S no 61 MST 49 25 AFT 11 15 v 4

Legend: RCT =randomised controlled trial, CH=cohort, CS = case-series,

¢

-‘.=data not available/reported, mix=mixed population,

ONC = oncological population, MST = mastectomy patients, BCT = breast conserving therapy population, cong. = patients with congenital
breast deformities, AFT = autologous fat transfer, C = control treatment group.*Only 4/17 patients met the inclusion criteria and were
included in the meta-analysis.
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5350 Unique patients treated with AFT

y
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eformity therapy deformity (BCT or MST) congenital) 4

Figure 2 Flowchart depicting the patient population in the included (non-overlapping) studies. Legend: BCT =breast conserv-
ing treatment, MST = mastectomy, implant =implant-based breast reconstruction, autologous = breast reconstruction using pedi-
cled/free flap transfer, hybrid = breast reconstruction with a flap (e.g. latissimus dorsi) and implant.

(p=0.802), see Figure 4. Only the congenital and oncolog-
ical subgroups, represented by a single study each, mea-
sured significantly lower scores (p <0.001). The surgeons
confirmed results reported by patients as they scored their
satisfaction as 7.5 (95% Cl 6.9-8.0), with a slightly lower
score in the BCT subgroup (Figure 4). However, this differ-
ence was not statistically significant (p =0.323).

Quality of life

Meta-analysis of reported Breast-Q scores revealed an over-
all score of 73.0 (95% Cl 67.7-78.4), demonstrating mod-
erate to good satisfaction with outcome/breasts and the
breast-related quality of life. In addition, no significant dif-
ferences were seen in subgroups reflecting the patient sat-
isfaction (‘Satisfaction with breasts’ and ‘Satisfaction with
outcome’, p=0.341), as well as the physical, psychosocial
and sexual well-being components (p =0.142), see Figure 5.

Volume measurements

Eight studies provided data on volume retention, which was
plotted against time in a meta-regression model (Figure 6).
The volume showed a gradual decrease of initially grafted
volume to 52.4% (95% Cl 45.0-59.8) at one year follow-up
and reaching a plateau at approximately 50% when extrap-
olated to the long term. All studies involved either MST or
BCT patients and performed AFT according to the principles
of Coleman, with the exception of the harvesting method.
Between 30-100% of the breasts within each study had pre-
viously received radiotherapy.

Number of AFT sessions
Meta-analysis of data from 6169 patients in 65 studies pro-
vided an overall mean number of AFT sessions of 1.5 (95%Cl

1.4-1.6), with a mean injected volume of approximately
100 ml (Figure 7). Subgroup analysis revealed a significantly
lower number of AFT sessions performed for BCT deformi-
ties (1.2, 95% Cl 1.0-1.5) compared to congenital deformi-
ties (p =0.007) and any deformity (p =0.047). No significant
differences were noted between the remaining groups.

Complications

The incidence of AFT-related clinical complications based
on our meta-analysis was low - 5.0% (95% Cl 3.7-6.9)
(Figure 8). Although the BCT group displayed noticeably
higher rate of complications (10.7%) compared to the
remaining populations (2.6-5.4%), it was significantly in-
creased only with respect to studies with mixed populations
(2.6%, p=0.002).

Abnormal findings after AFT requiring biopsy

The final meta-analysis revealed that 8.6% (95%Cl 5.8-12.4)
of breasts treated with AFT, had to eventually undergo ad-
ditional histopathological examination due to the presence
of abnormal radiological images or clinically detected pal-
pable mass (Figure 9).

Discussion
Synthesis of results
This meta-analysis represents the most thorough evalua-

tion of more than two decades of accumulated data from
published literature investigating AFT for the correction of



Efficacy of autologous fat transfer for the correction of contour deformities in the breast

1399

Satisfied
Author (year) BY FU SESS VOL n/ N % satisfied [95% ClI]
Postmastectomy deformity
Bonomi (2013)2 P 18 13 247 29/31 — 93.5[77.6, 98.4]
Doren (2012)* P 23 14 50 203/209 [ 97.1[93.8, 98.7]
Irani (2012)° P 20 11 160 24/25 = 96.0 [76.5, 99.4]
Kanchwala (2009)® P 18 15 31 93/110 - 84.5[76.5, 90.2]
Le Brun (2013)° P 20 16 80 25/42 A 50.5[44.3, 73.1]
Losken (2011)" P 07 13 38 14/17 —_ 82.4[57.3, 94.2]
Murthy (2016)” P - 15 67 31/33 — 93.9[78.8, 98.5]
Ribuffo (2013)* P 15 14 83 16/16 A 97.1[66.4, 99.8]
Sinna (2010)*® P 12 12 176 200/200 - 99.8[96.2, 100]
Veber (2012)'* P 10 12 250 20/20 P 97.6 [71.3, 99.9]
Doren (2012)* S 23 14 50 203/206 [ | 98.5[95.6, 99.5]
Irani (2012)* S 20 11 160 19/25 — 76.0 [55.8, 88.8]
Kanchwala (2009)® S 18 15 31  93/110 —a 84.5[76.5, 90.2]
Momoh (2012)” S 05 13 - 28/29 =i 96.6 [79.2, 99.5]
Salgarello (2012)* S 12 24 98 16/16 B 97.1[66.4, 99.8]
Sarfati (2013)* S 19 23 115 54/68 —= 79.4 [68.2, 87.4]
Sinna (2010)*® S 12 12 176 200/200 | 99.8[96.2, 100 ]
Spear (2005)"" S 13 11 116 40 /47 —= 85.1[71.9, 92.7]
Veber (2012)"% S 10 12 250 20/20 i 97.6[71.3, 99.9]
Patient satisfaction 1.7 14 104 655/703 : 92.9 [84.2, 97.0]
Surgeon satisfaction 17 14 105 673/721 93.1[83.7, 97.3]
Breast conserving therapy deformity
Beck (2012)"” P 30 10 68 7 /10 | 70.0 [37.6, 90.0]
Delay (2008)" P 17 13 165 42/42 i 98.8 [84.0, 99.9]
Khan (2017)% P 30 13 - 31/32 = 96.9 [80.9, 99.6]
Molto Garcia (2014)" P 10 10 65 36/37 = 97.3[83.2, 99.6]
Delay (2008)* S 17 13 165 42/42 —a 98.8[84.0, 99.9]
Patient satisfaction 19 12 109 116/121 — 94.6[76.7, 98.9]
Surgeon satisfaction 1.7 13 165 42/42 - 98.8 [84.0, 99.9]
Any oncological deformity
Hitier (2014)"' P 19 11 94 147/150 L 98.0 [94.0, 99.4]
Hitier (2014)"' S 19 11 94 148/150 L 98.7 [94.8, 99.7]
Missana (2007)" S 10 12 124 74/74 - 99.3[90.2, 100]
Patient satisfaction 1.9 11 94 147/150 ‘ 98.0[94.0, 99.4]
Surgeon satisfaction 1.6 1.1 104 222/224 4 98.8[96.1, 99.7]
Congenital deformity
Delay (2013)* P 65 15 178 31/31 — 98.4 [79.4, 99.9]
Derder (2014)* P 57 17 292 9 /10 A 90.0 [53.3, 98.6]
Ho Quoc (2013)* P 10 16 230 19/19 = 97.5[70.2, 99.8]
Delay (2013)" S 65 15 178 31/31 — 98.4[79.4, 99.9]
Ho Quoc (2013)% S 10 16 230 19/19 = 97.5[70.2, 99.8]
Patient satisfaction 46 16 213 5960 -0 95.6 [84.0, 98.9]
Surgeon satisfaction 4.4 1.6 197 50 / 50 -9 98.0 [87.3, 99.7]
Any deformity
Coleman (2007)* P 52 12 277 4/ 4 i 90.0 [32.6, 99.4]
Gentile (2013)* P 10 10 120 50/50 —a 99.0[86.2, 99.9]
Gentile (2015)* P 10 20 94 10/10 _ 95.5[55.2, 99.7]
Surgeon satisfaction 1.3 12 126 64 /64 -0 96.5 [84.3, 99.3]
Overall patient satisf. 19 13 111 1041/1098 < 94.3 [89.9, 96.9]
Overall surgeon satisf. 1.8 1.4 112 987/1037 < 95.7 [90.5, 98.1]

[ [ [ [ |

00 250 50.0 750 100.0

Figure 3 Meta-analysis of patient and surgeon satisfaction - categorical data.

Percentage satisfied patients/surgeons - Likert scales

Legend: BY = ‘outcome assessed by’,

P = patient, S=surgeon, FU = follow-up, SESS = number of AFT sessions, YOL = mean injected volume, n=number of satisfied pa-
tients/surgeons, N =total number of patients, satisf. = satisfaction.
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Satisfaction
Author (year) BY FU SESS VOL N low high VAS score [95% ClI]
Postmastectomy deformity
Bennett (2017)*° P 1.0 - - 165 . 6.6 [6.3, 6.9]
Cigna (2012)% P 10 10 - 20 i 6.9 [6.4, 7.4]
Irani (2012)* P 20 11 160 25 —— 6.9[5.9,7.9]
Laporta (2015)° P 19 11 211 20 —— 8.1[7.3,8.9]
Qureshi (2017)* P 13 - 95 9 — 8.7[7.6,9.8]
Salgarello (2012)* P 12 24 98 16 ke 9.4[9.1,9.7]
Schultz (2012)** P 05 15 70 44 = 7.2[6.4,8.0]
Serra-Renom (2010)®> P 10 21 147 65 - 7.5[7.0,8.0]
Thekkinkattil (2015) P 33 30 183 10 — 9.3[8.8,9.8]
Cigna (2012)* S 10 10 125 20 = 6.8[6.3,7.3]
De Blacam (2011)*® S 14 16 67 49 b 8.1[7.7,8.5]
Irani (2012)* S 20 11 160 25 —— 6.9[5.9,7.9]
Lakhiani (2014) - A” S 05 19 139 16 ——— 8.8[8.1,9.5]
Lakhiani (2014)-A+P¥ s 05 13 169 3 —_ 7.0 [5.4, 8.6]
Laporta (2015)*® S 19 11 211 20 = 8.5[7.8,9.2]
Panettierre (2009)*° S 15 34 25 20 =i 8.3[7.6,9.0]
Salgarello (2012)* S 12 24 98 16 —— 5.4[4.4,6.4]
Sarfati (2013)* S 19 23 115 68 HH 8.8[8.5,9.1]
Serra-Renom (2010)> S 1.0 21 147 65 HH 7.5[7.2,7.8]
Patient satisfaction 11 16 116 374 R 2 7.8[7.1, 8.6]
Surgeon satisfaction 14 19 120 302 - 7.7[7.0,8.3]
Breast conserving therapy deformity
Amar (2008)" P 08 10 62 15 — 6.7 [5.7, 7.7]
Beck (2012)" P 30 1.0 68 10 — 6.0 [4.8,7.2]
Biazus (2015)* P 17 10 121 20 = 9.5[9.1,9.9]
Mestak (2014) - C” P 18 10 162 15 — 8.0[6.7,9.3]
Mestak (2014) - F” P 18 10 232 15 — 7.8[7.0, 8.6]
Amar (2008)"* S 08 10 62 15 — 6.8 6.2, 7.4]
Biazus (2015)" S 17 1.0 121 20 k- 8.8[8.5,9.1]
Mestak (2014) - C72 S 18 10 162 15 A 5.6[4.0,7.2]
Mestak (2014) - F™ S 18 10 232 15 — 5.9[4.2,7.6]
Turnhout (2017)"** S 22 20 78 109 ] 7.2[7.0,7.4]
Patient satisfaction 17 10 133 75 - 7.7 6.5, 8.9]
Surgeon satisfaction 20 16 102 174 -~ 7.0[5.9,8.1]
Any oncological deformity
Brown (2017)” P 13 18 32 88 n 5.5[5.4, 5.6]
Patient satisfaction 13 1.8 32 88 { 5.5[5.4, 5.6]
Congenital deformity
Brault (2017)* P 05 15 275 15 = 5.0[4.5, 5.5]
Patient satisfaction 0.5 1.5 275 15 < 5.0 [4.5, 5.5]
Overall patient satisf. 12 15 109 552 - 7.4[6.8, 8.1]
Overall surgeon satisf. 16 1.8 113 476 L 4 7.5[6.9, 8.0]
[ [ [ [ |
0.0 2.5 5.0 7.5 10.0

Satisfaction score of patients/surgeons - VAS scales

Figure 4 Meta-analysis of patient and surgeon satisfaction - continuous data. Legend: BY = ‘outcome assessed by’, P = patient,
S =surgeon, FU=follow-up, SESS =number of AFT sessions, VOL=mean injected volume, N =total number of patients, A= AFT,
A+ P =AFT in addition to breast implant, C = centrifugation, F =filtration, VAS = visual analogue scale, satisf. = satisfaction.

contour deformities in the breast. A total of 89 records re-
porting one or more relevant outcomes reflecting AFT’s ef-
ficacy were selected for analysis. The patient satisfaction
was the most commonly reported outcome, measured in
1640 unique patients. It displayed an overall satisfaction
rate of 94.3% that was consistently high among all rele-
vant subgroups. This was confirmed by a satisfaction score
of 7.4/10 from the continuous data, signifying a high degree
of contentment among patients. Similarly, 95.7% of plastic
surgeons were pleased with the result based on pre- and
post-operative photographs and gave a high overall score of

7.5/10in a combined total of 1404 patients. A much smaller
number of studies employed the Breast-Q to investigate
patient satisfaction and breast-related quality of life (248
patients) and these were similar to the satisfaction scores
measured by other VAS scales (73.0/100).

The volume retention was evaluated in 259 patients
from eight studies by performing serial measurements using
3D imaging, magnetic resonance imaging (MRI) or computed
tomography (CT)-scan. The results were highly variable
between studies but the meta-regression model against
time showed 52.4% volume retention at one year, possibly
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Author (year) FU SESS VOL N Breast-Q score  [95% Cl]
Satisfaction with breasts
Bennett (2017)° 10 - - 165 L 65.6 [63.0, 68.2]
Brault (2017)** 05 15 422 15 — 51.6 [47.2, 56.0]
Brown (2017)* 13 18 50 88 ] 55.1[54.3, 55.9]
Mestak (2014) - C™ 18 10 162 15 — 73.2[62.5, 83.9]
Mestak (2014) - F”? 18 10 232 15 — 69.0 [58.3, 79.7]
Salgarello (2012)* 12 24 240 16 sl 91.888.5, 95.1]
Subgroup score 09 16 181 314 - 67.6 [55.7, 79.5]
Satisfaction with outcome
Brault (2017)** 05 15 422 15 i 47.4[42.2, 52.6]
Mestak (2014) - C™ 18 1 162 15 — 80.0 [67.3, 92.7]
Mestak (2014) - F”? 18 1 232 15 — 79.0 [71.4, 86.6]
Qureshi (2017)% - - - 9 — 87.0[75.9, 98.1]
Salgarello (2012)* 12 24 240 16 - 94.2190.7, 97.7]
Subgroup score 1 15 258 70 —_— 77.4[61.1,93.6]
Physical well-being
Bennett (2017)%° 10 - - 165 u 74.8[72.5,77.1]
Brault (2017)* 05 15 422 15 = 85.6 [79.4, 91.8]
Brown (2017)” 13 18 50 88 = 69.1[68.7, 69.5]
Mestak (2014) - C 18 10 162 15 == 76.5[69.3, 83.7]
Mestak (2014) - F72 18 10 232 15 == 74.4[67.9, 80.9]
Salgarello (2012)* 12 24 240 16 b= 94.0[91.2, 96.8]
Subgroup score 09 16 181 314 g 79.1[71.5, 86.6]
Psychosocial well-being
Bennett (2017)® 10 - - 165 ] 73.2[70.3, 76.1]
Brault (2017)* 05 15 422 15 —_ 67.2[55.4,79.0]
Brown (2017)” 1.3 18 50 88 u 61.1[60.3, 61.9]
Mestak (2014) - C™ 18 1.0 162 15 i 76.3[68.4, 84.2]
Mestak (2014) - F”2 18 10 232 15 I 74.0 [64.6, 83.4]
Salgarello (2012)* 12 24 240 16 - 94.1[91.5, 96.7]
Subgroup score 09 16 181 314 - 74.5[65.0, 84.0]
Sexual well-being
Bennett (2017)° 10 - - 165 il 52.8 [49.6, 56.0]
Brault (2017)** 05 15 422 15 — 56.8 [47.0, 66.6]
Mestak (2014) - C™ 18 1.0 162 15 — 59.8[49.9, 69.7]
Mestak (2014) - F”? 18 1.0 232 15 _ 62.4[49.4,75.4]
Salgarello (2012)* 12 24 240 16 ] 95.9[93.5, 98.3]
Subgroup score 1.0 15 232 226 —— 65.8 [49.9, 81.8]
Overall Breast-Q score 09 1.6 195 248 > 73.0 [67.7, 78.4]
[ [ [ [ |
00 250 500 750 100.0

Breast-Q score

Figure 5 Meta-analysis of Breast-Q scores. Legend: FU = follow-up, SESS =number of AFT sessions, VOL = mean injected volume,

N = total number of patients, C = centrifugation, F =filtration.

converging towards 50% in the long run. Unfortunately,
the data are severely limited as measurements beyond six
and 12 months were provided for only 96 and 18 patients,
respectively. In addition, studies differed in the type of
indication, exposure to radiotherapy and the surgical tech-
nique. Interestingly, studies performing fat harvesting with
a liposuction machine, displayed a tendency towards a
higher resorption than those using a syringe. However, the
possible effects of other important confounders such as
radiotherapy could not be demonstrated due to the mixed
patient populations containing between 30% and 100% of
irradiated breasts. As no definite conclusions can be drawn

based on the available data, whether such associations
exist should be investigated in future studies.

Surprisingly, the overall number of sessions required to
correct a contour deformity of the breast was relatively low
- 1.5. Though it can be argued that this number would be-
come higher if excessive fat resorption would result in pa-
tients demanding extra AFT sessions, the mean follow-up
length of 1.9 years would be sufficient to accommodate for
this. Moreover, the rate of clinical complications per proce-
dure was only 5.0%, and these were predominantly minor.
Finally, the risk that a breast treated with AFT would result
in clinical or radiological abnormalities that would require
histopathological examination (biopsy) was 8.6%. Of these,
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Figure 6 Meta-analysis of graft retention over time. Meta-regression model was applied to estimate the trends in graft survival
over time. Each circle represents a particular study, the diameter corresponding to its sample size. The meta-regression model
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coded. The number of patients with volume measurements at each time point is shown below. Abd. = fat harvested from the
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referred to the web version of this article.)

the vast majority involved benign lesions due to fat necrosis
and only 0.6% were diagnosed as cancer relapse. Whether a
direct correlation exists between AFT and the development
of locoregional recurrence is outside the scope of this paper
as such a task would involve a whole different set of studies
and statistics.

Clinical relevance
This meta-analysis set out to deliver the first quantifiable

evidence of pooled data from published studies to evaluate
the overall efficacy of the procedure based on patient-

and surgeon-reported outcome measures, volume retention
data and associated complications. This was possible by
the identification of 67-88% more relevant studies com-
pared to past systematic reviews'*> and standardisation of
outcomes. In this way, it aims to facilitate a more sophisti-
cated and balanced interpretation of study evidence on AFT
in order to allow healthcare providers to make evidence-
based recommendations on the efficacy of the technique.
The choice of an appropriate outcome measure is one
of the key elements of achieving an unbiased evaluation of
the effectiveness of any treatment. In the case of AFT, it
has been a challenge to find a suitable method of quanti-
fying the magnitude of its effect. This is largely due to its
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Author (year) voL N SESS [95% Cl]
Postmastectomy deformity
Bonomi (2013)= 247 44 s 13[1.2,1.4
Cogliandro (2017)* 110 101 ! - 22[2.1,23
Cuomo (2014)” 90 22 L} 1.0[1.0, 1.0
De Blacam (2011)*® 67 111 : 1.6[1.5,1.7
Doren (2012)* 50 586 : 14[1.4,1.4
Hammond g2015 134 29 . 14[1.2,1.6
Irani (2012); 160 63 - 1.1[1.0, 1.2
Juhl (2016)* 71 9 ! 1.1[0.8,1.4
Kanchwala (2009)% 31 203 B | 15[1.4,1.6
Kaoutzanis (2016)% 50 140 . 13[1.2,1.4
Kim (2014)® 46 135 ] 13[1.2,1.4
Komorowska 2017;—RT+"5 172 35 e 1.3[1.1,1.5
Komorowska (2017) - RT-% 146 82 L 1.4[1.2,1.6
Lakhiani (2014) - A+P% 169 4 — 1.3[0.7,1.9
Lakhiani &20142 AY 139 30 | 1.9[1.5,2.3
Laporta (2015)*® 211 22 b= 1.1[1.0,1.2
Le Brun (2013)* 80 64 T HH 16[1.4,1.8
Losken (2011) 38 141 cm 13[1.2,14
Momoh (2012)” - 42 HE 13[1.1,1.5
Murthy (2016)” 67 54 - 1.5[1.3,1.7
Nelissen (2015)7 125 23 i 1.0[1.0, 1.0
Niddam ( 016 228 22 b= 1.1[1.0,1.2
Panettlerre 0 23" 25 68 : = 34[29,39
Salgarello ( 2012 98 38 : b= 241[2.2,26
Schultz (2012)94 70 68 o hm 15[14,1.6
Serra-Renom (2010)* 147 136 : n 2.1[2.0,2.2
Seth (2012)* - 99 ] 1.1[1.0,1.2
Small (2014) - Th.*® 102 27 L] 1.0[1.0, 1.0
Small (2014) - Abd.*” 101 46 ] 1.0[1.0,1.0
Sommeling (2017)"* . 48 : (| 3.2[3.0,3.4
Spear (2005)™ 116 47 = 1.1[1.0,1.2
Thekkinkattil (2015)" 183 30 : (] 3.02.9, 3.1
Tissiani (2016)'® 112 8 3 1.0[0.9,1.1
Number of sessions 86 2687 : ’ 1.5[1.3,1.7]
Breast conservm therapy deformit .
Amar (200 9 Py 02" 15 ] 1.0[0.9, 1.1
Beck (2012) 68 10 Il 1.0[0.9,1.1
Biazus (2015)% 121 20 i 1.0[1.0, 1.0
Helme (2014) p 48 . 1.7[1.6,1.8
Khan (2017? - 35 [l 1.3[1.1,1.5
Mestak (2014) - C” 232 15 i 1.0[0.9, 1.1
Mestak (20142 F” 162 15 ] 1.0[0.9, 1.1
Molto Garcia (2014)™ 65 37 [} 1.0[1.0, 1.0
Weichmann (2013)"° 132 110 [ ] 1.1[1.0,1.2
Number of sessions 95 417 <@ 1.2[1.0, 1.5]
Any oncolo |caI deformity .
Brown (2017§ 32 156 | 1.8[1.7,1.9
Cawg%loll (2016)” 52 131 u 1.0[1.0, 1.0
Choi (2013)' 98 90 ] 1.0[1.0, 1.0
Debald (2017)* 123 68 oo 1.7[1.5,1.9
Gabriel (2016) - C* 79 152 M 1.7[1.6,1.8
Gabriel (2016) - F* 177 135 : 1.4[13,1.5
Ihrai (2013)% 46 100 . 16[1.4,1.8
Jones (2015)* - 140 c . 14[1.3,15
Missana (2007)" 124 82 :. 12[1.1,1.3
Petit (2011)® 107 646 : 13[1.2,1.4
Pinsolle (2008)* - 17 N 21[1.4,2.8
Number of sessions 102 2019 K 1.4[1.3,1.6]
Congenital deformity :
Brault (2017)* 275 23 e 1.5[1.3,1.7
Delay (2013)" 178 48 T 15[1.4,1.6
Derder(2014?“’ 202 17 e 1.7[1.4,2.0
Ho Quoc (2013)% 230 31 Db 16[1.4,1.8
Hogan (2015)* N 26 o= 2.0[1.5,2.5
Turnhout (2017)"* 78 222 : L] 2.0[1.8,2.2
Number of sessions 198 162 : ’ 1.6[1.5,1.7]
deformit; :
C eman 200% * 277 21 = 1.2[0.9,1.5
Gentile (2 120 50 ¥ 1.0[1.0, 1.0
Gentile 2015“s 94 20 : ] 2.0[2.0,2.0
Kristenstein (2015)* 120 348 i 20019, 2.1
Murphy (2011)"® - 160 | 16[1.51.7
Russe (2014)® 90 238 | 15[1.5,1.5
Salgarello (2011)” 15 47 g 19[1.7,2.1
Silva (2016)” - 319 N 16[15 1.7
Number of sessions 115 884 R 1.6[1.3,1.9]
Overall number of sessions 99 6169 : ’ 1.5[1.4,1.6]

00 10 20 30 40 50

Mean number of AFT sessions

Figure 7 Meta-analysis of the mean number of AFT sessions. Legend: VOL=mean injected volume, N=total number of pa-
tients, RT 4+ = with radiotherapy, RT- = without radiotherapy, A=AFT, A+ P =AFT in addition to breast implant, C = centrifugation,

F =filtration.
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Complication
Author (year) FU n /N % complications [95% ClI]
Postmastectomy deformity
Bonomi (2013)2 18 3 /44 F— 6.8[2.2,19.1
Cohen (2017)* - 28 /305 [ 9.2[6.4,13.0
Cuomo (2014)” 03 0 /22 f— 2.2[0.1,26.8
De Blacam (2011)® 14 7 /1M1 Ll 6.3[3.0,12.6
Doren (2012)* 2.3 64 /586 | 10.9[8.6, 13.7
Hammond (2015)* 09 2 /29 A 6.9[1.7,23.8
Irani (2012)” 20 2 /63 l=— 3.2[0.8, 11.8
Juhl (2016)*° 05 01/9 P 5.0[0.3,47.5
Kanchwala (2009)* - 0 /110 L 0.5[0.0, 6.8
Kaoutzanis£2016)62 1.7 1 /140 Lyl 0.7[0.1, 4.9
Kim (2014)° 24 3 /135 ] 22[0.7, 6.7
Komorowska (2017) - RT-* 26 29 /82 | 35.4 [25.8,46.2
Komorowska (2017)-RT+® 26 7 /35 = 20.0[9.8,36.4
Lakhiani (2014) - A+P% 05 0/ 4 | 10.0[ 0.6, 67.4
Lakhiani (2014) - A” 05 2 /30 | 6.7[1.7,23.1
Laporta (2015)% 19 0 /22 f— 2.2[0.1,26.8
Le Brun (20']3)69 20 7 /42 = 16.7[8.2,31.0
Losken (2011)" 0.7 12 /141 e 8.5[4.9,14.4
Momoh (2012)” 05 0 /42 — 1.2[0.1,16.0
Murthy (2016)” - 3 /54 B 56[1.8,15.9
Niddam (2016)” 11 0 /22 f— 2.2[0.1,26.8
Panettierre (2009)* 15 0 /68 — 0.7[0.0,10.5
Salgarello (2012)™ 12 0 /38 — 1.3[0.1,17.5
Schultz (2012)** 05 1 /68 — 15[0.2, 9.7
Serra-Renom (2010)* 1.0 0 /136 - 0.4[0.0, 5.6
Seth (2012)* 21 1 /99 - 1.0[0.1, 6.8
Sommeling(2017)'® 28 1 /48 — 21[0.3,13.4
Spear (2005)" 13 4 /47 —] 8.5[3.2,20.6
Thekkinkattil (2015)'? 33 1 /30 f— 3.3[0.5,20.2
Tissiani (2016)'% 14 0/38  — 5.6[0.3,50.5
Weichmann (2013)"¢ 15 1 /110 - 09[0.1, 6.2
Complication rate 1.7 179/2680 ] 49[3.2,7.5]
Breast conserving therapy deformity
Amar (2008)' 08 1 /15 — 6.7[0.9, 35.2]
Beck (2012)" 30 1/10 | 10.0[ 1.4, 46.7]
Biazus (2015)* - 6 /20 | mm— 30.0[14.1,52.7]
Helme (2014)%° 31 14 /48 — 29.2[18.1,43.4]
Mestak (2014) - F? 18 1 /15 e 6.7 0.9, 35.2]
Mestak (2014) - C™ 18 0 /15 | — 3.1[0.2,35.0]
Molto Garcia (2014)™* 10 1 /37 t— 2.7[0.4,16.8]
Turnhout (2017)"* 22 13 /222 I 59[3.4, 9.8]
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Figure 8 Meta-analysis of the AFT-related complication rate. Legend: FU = follow-up, N = total number of procedures, RT + = with
radiotherapy, RT- = without radiotherapy, A=AFT, A+ P =AFT in addition to breast implant, C = centrifugation, F = filtration.
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Figure 9 Meta-analysis of the AFT-related biopsy rates. Legend: FU = follow-up, n = total number of biopsies, N =total number of
breasts, B=number of benign findings (fat necrosis), M=number of malignant findings (cancer relapse).

inherent properties, which make it fundamentally different
from conventional reconstructive techniques. The survival
of adipocytes relies heavily upon the injection of fat in a
fan-like fashion, with the intent to obtain an optimal spread
of aliquots in multiple directions and planes. Inevitably, this
makes it virtually impossible to distinguish grafted tissue
from its surroundings. Therefore, the only way to quantify
its volume correction capability would be a direct measure
of the change in the surrounding tissue volume. In the past,
this was only possible with MRI or CT-scans but their use
has been limited due to the high-costs and exposure to ra-
diation. Only more recently, the development of 3D-image
capturing devices has made such measurements more prac-
tical and these have been implemented in approximately a
dozen studies so far.

Still, the majority of the literature on AFT is based
on more traditional evaluation by a wide array of
patient-reported outcome measures (PROMs) and scor-
ing of photographs. Both the objective (volume) and more
subjective (PROMs, scores) outcomes have their unique
advantages and drawbacks. Whilst volume assessment
provides the most reliable measure of the performance
of AFT in the correction of volume deficiency, it remains
an outcome from the viewpoint of the investigator. Such
measurements are therefore best suited for investigating
the more technical aspects of the AFT procedure, rather
than the overall success of the treatment, which is best re-
flected by the evaluation performed by the patient herself.
In addition, the reliability of evaluating fat survival through
serial volume measurements is dubious. Measuring the
change in breast volume with respect to the total injected
volume is subject to several limitations. First, it is difficult
to accurately determine the exact volume of injected fat
as lipoaspirates can contain between 5% and 25% fluid,'%®
depending on the amount of infiltration before harvesting
and the processing technique used. Therefore, volume mea-
surements would be influenced not only by the rate of fat
resorption, but also by the initial fluid content of injected
fat. Secondly, fluctuations in breast tissue volume due to

oedema (inflammation), haematoma as well as fluctuations
in the BMI can also influence post-operative measurements.
The use of PROMs, on the other hand, focuses on assessing
how the result is perceived by the patient, which is becom-
ing increasingly popular in recent years, considering that
the main goal of breast reconstruction is to improve the
quality of life and not the score of certain investigations
or tests.'” This can then be confirmed by surgeon’s satis-
faction, which can also help identify possible discrepancies
between the perception of the outcome from the viewpoint
of the patient and clinician.

Other methods of assessment involve indirect measures
that are somewhat less specific, standard parameters re-
lated to its burden and morbidity, such as operating time,
hospitalisation, number of revision procedures, complica-
tions as well as the need for additional imaging or tests.

Unfortunately, perioperative data specific to AFT are
scarce as it is often performed in combination with other
procedures, but short operating time and fast recovery
are believed to be key benefits of AFT. The need for re-
intervention can also provide an indication of the overall
burden and costs of the AFT treatment. Although it can im-
ply excessive resorption, the mean number of sessions re-
quired to achieve the desired result is heavily influenced by
the patient’s characteristics, the operator’s experience and
the size of the defect. Therefore, it cannot provide any-
thing more than a rough estimate on the expected number
of procedures that are generally performed for specific indi-
cations. Lastly, the rate of clinical complications and abnor-
mal radiological images that require additional histopatho-
logical examination, could reflect on the morbidity and ex-
tra costs associated with AFT.

Limitations

One of the main limitations with this meta-analysis is the
relatively low level-of-evidence due to the scarcity of
RCTs. As AFT has already become part of clinical practice,
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Table 2 Recommendations for future research.

Research question Proposed study design

1. Oncological safety of AFT in
the breast reconstruction

Retrospective
matched-cohort

after cancer studies

2. Factors determining the Prospective 3D imaging
(long-term) volume retention studies

3. Added value of supplements RCTs, prospective cohort
(PRP, SVF) or devices (BRAVA) studies

4. Optimisation of the AFT RCTs, prospective cohort
technique (speed, volume, 1 studies
survival)

5. Effect of AFT on function, RCTs, prospective cohort
fibrosis, pain studies

setting-up a randomised trial with it would likely be viewed
as unnecessary or unethical, because investigators would
have to withhold a part of their patients from a treatment
that they would have otherwise received in the absence
of the trial. Currently, there are no indications that such
studies will become common in the near future. In addition,
because of the lack of a suitable and safe alternative
to AFT, few studies have managed to include a control
group. Ultimately, this prevents applying standard sum-
mary measures such as odds ratios or relative risks when
analysing the outcomes. Therefore, our second-best chance
of understanding the fragmented data gathered over the
past two decades is such a meta-analysis, which focuses
on providing pooled effect estimates of a large number
of observational studies, by determining the magnitude,
direction and confidence intervals for each outcome.

Another obstacle is the rare implementation of standard,
validated outcome instruments (e.g. Breast-Q) to increase
the validity as well as enable comparability of different
studies. For many years, investigators have relied on a wide
variety of non-validated, custom-made scales and question-
naires or the use of pre- and post-operative photographs.
In addition, outcomes have been often presented as either
continuous (means + SD) or categorical variables (frequen-
cies), each having its own (dis)advantages. The main issue
with continuous data is their limited utility without a di-
rect comparison to a baseline value or control group, which
are uncommon in the case of AFT. Even if such data would
be available, it would be difficult to assess the data as the
same change in scores from different baseline values could
be perceived very differently. On the other hand, the cat-
egorical approach (e.g. dichotomisation) often oversimpli-
fies outcomes by assigning subjects to a particular category
(dissatisfied vs satisfied). However, as it does not rely on
baseline values, it can more accurately reflect the absolute
effect of AFT, though it lacks the precision of continuous
data.

As with all meta-analyses, heterogeneity between stud-
ies can have an important effect on the results. The in-
cluded studies consist of a variable number of patients with
different diagnoses and indications. However, as this pa-
per aims to evaluate the overall efficacy of AFT for the
correction of contour deformities in the breast, it can be
argued that the patient populations closely resemble the

group we wish to draw conclusions about. In addition, a
random-effects model was applied to all analyses and dif-
ferent indications were analysed in subgroups to account
for the inter-study heterogeneity.

Future recommendations

This meta-analysis delivers convincing evidence concern-
ing the overall efficacy of AFT and also lays the founda-
tion for further research in this area. To allow for more
nuanced recommendations for specific subgroups or indica-
tions, it is crucial to improve the methodological quality of
future studies. Ideally, this can be achieved by adopting a
prospective study design, including suitable control groups
and using validated outcome measurement instruments.
Based on the current data, several research questions
should be addressed by the plastic surgery community
worldwide within the next five years (see Table 2). Con-
sidering that the vast majority of breast deformities in-
volve breast cancer patients, it is of paramount importance
that definite answers are provided regarding its oncological
safety. In addition, future studies should also focus on eval-
uating other positive effects of AFT such as improvement
of function, fibrosis and pain in the breast region. Last but
not least, the search for the optimal AFT technique should
involve determining the long-term volume retention, the ef-
fect of nuances in the technique and radiotherapy, as well
as the added value of supplements or devices.

Conclusion

AFT was found to be highly effective in correcting contour
deformities in breast reconstruction, as reflected by the
high patient satisfaction (94.3%) and surgeon satisfaction
(95.7%), achieved after a mean of 1.5 procedures. Volume
retention was 52.4% after one year but needs further in-
vestigation. With only 5.0% of procedures resulting in minor
complications and 8.6% leading to additional biopsy, it can
be considered as a safe procedure.

Financial disclosure statement
This research was funded by the Dutch Society of Plastic

Surgeons for the purpose of autologous fat transfer guide-
line development in the Netherlands.

Conflict of interests

None of the authors has a financial interest in any of the
products, devices, or drugs mentioned in this manuscript.
Supplementary materials

Supplementary material associated with this article can be

found, in the online version, at doi:10.1016/j.bjps.2018.05.
021.


https://doi.org/10.1016/j.bjps.2018.05.021

Efficacy of autologous fat transfer for the correction of contour deformities in the breast

1407

References

1

10.

1.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

. Agha RA, Fowler AJ, Herlin C, Goodacre TE, Orgill DP. Use of

autologous fat grafting for breast reconstruction: a systematic
review with meta-analysis of oncological outcomes. J Plast
Reconstr Aesthet Surg 2015;68:143-61.

. Chan CW, McCulley SJ, Macmillan RD. Autologous fat trans-

fer-a review of the literature with a focus on breast cancer
surgery. J Plast Reconstr Aesthet Surg 2008;61:1438-48.

. ELFadl D, Garimella V, Mahapatra TK, McManus PL, Drew PJ.

Lipomodelling of the breast: a review. Breast 2010;19:202-9.

. De Decker M, De Schrijver L, Thiessen F, et al. Breast

cancer and fat grafting: efficacy, safety and complication-
s-a systematic review. Eur J Obstet Gynecol Reprod Biol
2016;207:100-8.

. Groen JW, Negenborn VL, Twisk DJ, et al. Autologous fat graft-

ing in onco-plastic breast reconstruction: a systematic review
on oncological and radiological safety, complications, volume
retention and patient/surgeon satisfaction. J Plast Reconstr
Aesthet Surg 2016;69:742-64.

. Hivernaud V, Lefourn B, Guicheux J, et al. Autologous fat

grafting in the breast: critical points and technique improve-
ments. Aesthetic Plast Surg 2015;39:547-61.

. Ross RJ, Shayan R, Mutimer KL, Ashton MW. Autologous fat

grafting: current state of the art and critical review. Ann Plast
Surg 2014;73:352-7.

. Saint-Cyr M, Rojas K, Colohan S, Brown S. The role of fat graft-

ing in reconstructive and cosmetic breast surgery: a review of
the literature. J Reconstr Microsurg 2012;28:99-110.

. Spear SL, Coles CN, Leung BK, et al. The safety, effectiveness,

and efficiency of autologous fat grafting in breast surgery.
Plast Reconstr Surg Glob Open 2016;4:e827.

Strong AL, Cederna PS, Rubin JP, Coleman SR, Levi B.
The current state of fat grafting: a review of harvesting,
processing, and injection techniques. Plast Reconstr Surg
2015;136:897-912.

Yu NZ, Huang JZ, Zhang H, et al. A systemic review of autol-
ogous fat grafting survival rate and related severe complica-
tions. Chin Med J Engl 2015;128:1245-51.

Higgins JPT, Green S. Cochrane Handbook for Systematic Re-
views of Interventions Version 5.1.0 (updated March 2011).
URL www.handbook.cochrane.org.

Knobloch K, Yoon U, Vogt PM. Preferred reporting items for
systematic reviews and meta-analyses (PRISMA) statement
and publication bias. J Craniomaxillofac Surg 2011;39:91-2.
WebPlotDigitizer software.

Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and vari-
ance from the median, range, and the size of a sample. BMC
Med Res Methodol 2005;5:13.

Viechtbauer W. Conducting meta-analyses in R with the
metafor package. J Stat Softw 2010;36:1-48.

RStudio Team. RStudio: integrated development for R,
Boston, MA: RStudio I; 2015. URL http://www.rstudio.com/ .
Amar O, Bruant-Rodier C, Lehmann S, Bollecker V, Wilk A.
Fat tissue transplant: restoration of the mammary volume
after conservative treatment of breast cancers, clinical and
radiological considerations. Ann Chir Plast Esthet 2008;53:
169-177.

Beck M, Amar O, Bodin F, et al. Evaluation of breast
lipofilling after sequelae of conservative treatment for can-
cer: a prospective study of ten cases. Eur J Plast Surg
2012;35:221-8.

Bennett KG, Qi J, Kim HM, et al. Association of fat grafting
with patient-reported outcomes in postmastectomy breast re-
construction. JAMA Surg 2017;152:944-50.

Betal D, Rapisarda F, Kalra L, Bonomi R, Johri A. Role of lipo-
modelling in reconstructive breast surgery: west Sussex breast
unit experience. Eur J Surg Oncol 2011;37:997.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

1.

Biaz(s JV, Falcao CC, Parizotto AC, et al. Immediate recon-
struction with autologous fat transfer following breast-con-
serving surgery. Breast Journal 2015;21:268-75.

Bonomi R, Betal D, Rapisarda IF, et al. Role of lipomodelling
in improving aesthetic outcomes in patients undergoing im-
mediate and delayed reconstructive breast surgery. Eur J Surg
Oncol 2013;39:1039-45.

Brault N, Stivala A, Guillier D, et al. Correction of tuberous
breast deformity: a retrospective study comparing lipofilling
versus breast implant augmentation. J Plast Reconstr Aesthet
Surg 2017;70:585-95.

Brenelli F, Rietjens M, De Lorenzi F, et al. Oncological
safety of autologous fat grafting after breast conser-
vative treatment: a prospective evaluation. Breast J
2014;20:159-65.

Brenelli F, Rietjens M, De Lorenzi F, Rossetto F. Autologous fat
graft after breast cancer: Is it safe? - A single surgeon experi-
ence with 194 procedures. Eur J Cancer, Suppl 2010;8:141-2.
Brown AWW, Kabir M, Sherman KA, et al. Patient reported out-
comes of autologous fat grafting after breast cancer surgery.
Breast 2017;35:14-20.

Brzezienski MA, Jarrell JA 4th. Autologous fat grafting to the
breast using revolve system to reduce clinical costs. Ann Plast
Surg 2016;77:286-9.

Caviggioli F, Maione L, Klinger F, Lisa A, Klinger M. Autologous
fat grafting reduces pain in irradiated breast: a review of our
experience. Stem Cells Int 2016;2016:2527349.

Chirappapha P, Rietjens M, De Lorenzi F, et al. Evaluation of
lipofilling safety in elderly patients with breast cancer. Plast
Reconstr Surg Glob Open 2015;3:e441.

Choi M, Small K, Levovitz C, et al. The volumetric analysis of
fat graft survival in breast reconstruction. Plast Reconstr Surg
2013;131:185-91.

Cigna E, Ribuffo D, Sorvillo V, et al. Secondary lipofilling after
breast reconstruction with implants. Eur Rev Med Pharmacol
Sci 2012;16:1729-34.

Cogliandro A, Barone M, Tenna S, Morelli Coppola M, Per-
sichetti P. The role of lipofilling after breast reconstruc-
tion: evaluation of outcomes and patient satisfaction with
BREAST-Q. Aesthetic Plast Surg 2017;41:1325-31.

Cohen O, Lam G, Karp N, Choi M. Determining the oncologic
safety of autologous fat grafting as a reconstructive modality:
an institutional review of breast cancer recurrence rates and
surgical outcomes. Plast Reconstr Surg 2017;140 382e-92e.
Coleman SR, Saboeiro AP. Fat grafting to the breast revisited:
safety and efficacy. Plast Reconstr Surg 2007;119:775-85 dis-
cussion 86-7.

Costantini M, Cipriani A, Belli P, et al. Radiological findings in
mammary autologous fat injections: a multi-technique evalu-
ation. Clin Radiol 2013;68:27-33.

Cuomo R, Zerini |, Botteri G, et al. Postsurgical pain related
to breast implant: reduction with lipofilling procedure. In Vivo
2014;28:993-6.

de Blacam C, Momoh AO, Colakoglu S, Tobias AM, Lee BT. Eval-
uation of clinical outcomes and aesthetic results after autolo-
gous fat grafting for contour deformities of the reconstructed
breast. Plast Reconstr Surg 2011;128:411e-418e.

Debald M, Pech T, Kaiser C, et al. Lipofilling effects
after breast cancer surgery in post-radiation patients: an
analysis of results and algorithm proposal. Eur J Plast Surg
2017:1-8.

Delay E, Garson S, Tousson G, Sinna R. Fat injection to
the breast: technique, results, and indications based on
880 procedures over 10 years. Aesthet Surg J 2009;29:
360-376.

Delay E, Gosset J, Toussoun G, Delaporte T, Delbaere M. Ef-
ficacy of lipomodelling for the management of sequelae of


http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0001
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0001
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0001
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0001
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0001
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0001
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0002
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0002
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0002
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0002
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0003
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0003
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0003
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0003
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0003
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0003
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0004
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0004
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0004
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0004
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0004
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0005
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0005
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0005
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0005
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0005
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0006
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0006
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0006
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0006
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0006
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0007
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0007
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0007
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0007
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0007
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0008
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0008
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0008
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0008
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0008
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0009
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0009
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0009
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0009
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0009
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0010
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0010
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0010
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0010
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0010
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0010
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0011
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0011
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0011
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0011
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0011
http://www.handbook.cochrane.org
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0012
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0012
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0012
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0012
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0013
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0013
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0013
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0013
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0014
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0014
http://www.rstudio.com/
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0016
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0016
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0016
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0016
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0016
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0016
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0017
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0017
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0017
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0017
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0017
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0018
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0018
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0018
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0018
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0018
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0019
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0019
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0019
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0019
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0019
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0019
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0020
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0020
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0020
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0020
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0020
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0021
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0021
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0021
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0021
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0021
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0022
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0022
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0022
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0022
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0022
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0023
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0023
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0023
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0023
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0023
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0024
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0024
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0024
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0024
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0024
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0025
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0025
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0025
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0025
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0025
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0026
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0026
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0026
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0027
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0027
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0027
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0027
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0027
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0027
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0028
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0028
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0028
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0028
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0028
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0029
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0029
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0029
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0029
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0029
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0030
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0030
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0030
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0030
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0030
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0031
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0031
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0031
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0031
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0031
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0031
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0032
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0032
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0032
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0032
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0032
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0033
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0033
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0033
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0034
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0035
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0035
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0035
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0035
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0035
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0036
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0037
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0037
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0037
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0037
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0037
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0038
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0038
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0038
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0038
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0038
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0039
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0039
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0039
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0039
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0039
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0039

1408

T.K. Krastev et al.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

breast cancer conservative treatment. Ann Chir Plast Esthet
2008;53:153-68.

Delay E, Sinna R, Ho Quoc C. Tuberous breast correction by fat
grafting. Aesthet Surg J 2013;33:522-8.

Derder M, Whitaker IS, Boudana D, et al. The use of lipofilling
to treat congenital hypoplastic breast anomalies: preliminary
experiences. Ann Plast Surg 2014;73:371-7.

. Doren EL, Parikh RP, Laronga C, et al. Sequelae of fat grafting

postmastectomy: an algorithm for management of fat necro-
sis. Eplasty 2012;12:e53.

Gabriel A, Maxwell GP, Griffin L, et al. A comparison of two
fat grafting methods on operating room efficiency and costs.
Aesthet Surg J 2016;37:161-8.

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

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;1:341-51.

Gentile P, Scioli MG, Orlandi A, Cervelli V. Breast recon-
struction with enhanced stromal vascular fraction fat graft-
ing: what is the best method? Plast Reconstr Surg Glob Open
2015;3:e406.

Hammond DC, O’Connor EA, Scheer JR. Total envelope fat
grafting: a novel approach in breast reconstruction. Plast Re-
constr Surg 2015;135:691-4.

Helme S, Ngu A, Agrawal A, Yiangou C, Mansfield L. The impact
of fat transfer on patient follow-up following breast conserv-
ing surgery. Eur J Surg Oncol 2014;40:636.

Hitier M, Ho Quoc C, La Marca S, Hamou C, Delay E. Toler-
ance and efficacy of lipomodelling as an element of breast
symmetry in breast reconstruction. Ann Chir Plast Esthet
2014;59:311-19.

Ho Quoc C, Delaporte T, Meruta A, et al. Breast asymmetry
and pectus excavatum improvement with fat grafting. Aesthet
Surg J 2013;33:822-9.

Ho Quoc C, Sinna R, Gourari A, et al. Percutaneous fas-
ciotomies and fat grafting: indications for breast surgery. Aes-
thet Surg J 2013;33:995-1001.

Ho Quoc C, Taupin T, Guerin N, Delay E. Volumetric evaluation
of fat resorption after breast lipofilling. Ann Chir Plast Esthet
2015;60:495-9.

Hogan B, lhsan N, McManus P. Lipomodelling for congenital
breast asymmetry. Eur J Surg Oncol 2015;41:548-9.

lhrai T, Georgiou C, Machiavello JC, et al. Autologous fat
grafting and breast cancer recurrences: retrospective analy-
sis of a series of 100 procedures in 64 patients. J Plast Surg
Hand Surg 2013;47:273-5.

Irani Y, Casanova D, Amar E. Autologous fat grafting in radi-
ated tissue prior to breast prosthetic reconstruction: is the
technique reliable? Ann Chir Plast Esthet 2012;57:59-66.
Jones S, Sircar T, Matey P. Is lipomodelling after breast cancer
safe? Eur J Surg Oncol 2015;41:569.

Juhl AA, Karlsson P, Damsgaard TE. Fat grafting for al-
leviating persistent pain after breast cancer treatment: a
randomized controlled trial. J Plast Reconstr Aesthet Surg
2016;69:1192-202.

Kanchwala SK, Glatt BS, Conant EF, Bucky LP. Autolo-
gous fat grafting to the reconstructed breast: the manage-
ment of acquired contour deformities. Plast Reconstr Surg
2009;124:409-18.

Kaoutzanis C, Xin M, Ballard TN, et al. Autologous fat grafting
after breast reconstruction in postmastectomy patients: com-
plications, biopsy rates, and locoregional cancer recurrence
rates. Ann Plast Surg 2015;76:270-5.

62.

63.

64.

65.

66.

67.

68.

69.

70.

7.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Kaoutzanis C, Xin M, Ballard TN, et al. Autologous fat grafting
after breast reconstruction in postmastectomy patients: com-
plications, biopsy rates, and locoregional cancer recurrence
rates. Ann Plast Surg 2016;76:270-5.

Khan LR, Raine CR, Dixon JM. Immediate lipofilling in breast
conserving surgery. Eur J Surg Oncol 2017;43:1402-8.

Kim HY, Jung BK, Lew DH, Lee DW. Autologous fat graft in the
reconstructed breast: fat absorption rate and safety based on
sonographic identification. Arch Plast Surg 2014;41:740-7.
Komorowska-Timek E, Turfe Z, Davis AT. Outcomes of pros-
thetic reconstruction of irradiated and nonirradiated breasts
with fat grafting. Plast Reconstr Surg 2017;139:1e-%e.
Kristensen RN, Gunnarsson GL, Borsen-Koch M, et al. Fast and
simple fat grafting of the breast. Gland Surg 2015;4:572-6.
Lakhiani C, Hammoudeh ZS, Aho JM, et al. Maximizing aes-
thetic outcome in autologous breast reconstruction with im-
plants and lipofilling. Eur J Plast Surg 2014;37:609-18.
Laporta R, Longo B, Sorotos M, Pagnoni M, Santanelli di
Pompeo F. Breast reconstruction with delayed fat-graft-aug-
mented DIEP flap in patients with insufficient donor-site vol-
ume. Aesthetic Plast Surg 2015;39:339-49.

Le Brun JF, Dejode M, Campion L, et al. Quality of life af-
ter lipomodelling: retrospective study of 42 patients. Ann Chir
Plast Esthet 2013;58:222-7.

Losken A, Pinell XA, Sikoro K, et al. Autologous fat graft-
ing in secondary breast reconstruction. Ann Plast Surg
2011;66:518-22.

Maione L, Vinci V, Caviggioli F, et al. Autologous fat graft
in postmastectomy pain syndrome following breast con-
servative surgery and radiotherapy. Aesthetic Plast Surg
2014;38:528-32.

Mestak O, Sukop A, Hsueh YS, et al. Centrifugation versus
PureGraft for fatgrafting to the breast after breast-conserv-
ing therapy. World J Surg Oncol 2014;12:178.

Missana MC, Laurent I, Barreau L, Balleyguier C. Autologous fat
transfer in reconstructive breast surgery: indications, tech-
nique and results. Eur J Surg Oncol 2007;33:685-90.

Molto Garcia R, Gonzalez Alonso V, Villaverde Domenech ME.
Fat grafting in immediate breast reconstruction. Avoiding
Breast Sequelae. Breast Cancer 2014;23:134-40.

Momoh AO, Colakoglu S, de Blacam C, Curtis MS, Lee BT. The
forked liposuction cannula: a novel approach to the correction
of cicatricial contracture deformities in breast reconstruction.
Ann Plast Surg 2012;69:256-9.

Murphy C, Elfadyl D, McManus P. Experience of autologous fat
transfer in a single breast unit-first 100 cases. Eur J Surg Oncol
2011;37:514.

Murthy K, Prasad R, Deshpande A. Lipomodelling - An initial
experience in improving cosmetic outcomes in patients under-
going breast surgery. Eur J Surg Oncol 2016;42:5127.

Nelissen X, Lhoest F, Preud’Homme L. Refined method of
lipofilling following DIEP breast reconstruction: 3D analysis of
graft survival. Plast Reconstr Surg Glob Open 2015;3:e526.
Niddam J, Vidal L, Hersant B, Meningaud JP. Primary fat graft-
ing to the pectoralis muscle during latissimus dorsi breast re-
construction. Plast Reconstr Surg Glob Open 2016;4:e1059.
Panettiere P, Marchetti L, Accorsi D. The serial free fat trans-
fer in irradiated prosthetic breast reconstructions. Aesthetic
Plast Surg 2009;33:695-700.

Parikh RP, Doren EL, Mooney B, et al. Differentiating fat
necrosis from recurrent malignancy in fat-grafted breasts: an
imaging classification system to guide management. Plast Re-
constr Surg 2012;130:761-72.

Petit JY, Lohsiriwat V, Clough KB, et al. The oncologic out-
come and immediate surgical complications of lipofilling in
breast cancer patients: a multicenter study-Milan-Paris-Lyon
experience of 646 lipofilling procedures. Plast Reconstr Surg
2011;128:341-6.


http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0039
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0040
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0040
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0040
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0040
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0041
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0041
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0041
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0041
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0041
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0042
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0042
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0042
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0042
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0042
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0043
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0043
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0043
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0043
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0043
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0044
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0044
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0044
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0044
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0044
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0045
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0045
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0045
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0045
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0045
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0046
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0046
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0046
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0046
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0046
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0047
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0047
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0047
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0047
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0048
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0048
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0048
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0048
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0048
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0048
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0049
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0049
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0049
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0049
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0049
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0049
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0050
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0050
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0050
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0050
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0050
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0051
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0051
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0051
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0051
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0051
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0052
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0052
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0052
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0052
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0052
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0053
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0053
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0053
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0053
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0054
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0054
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0054
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0054
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0054
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0055
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0055
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0055
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0055
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0056
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0056
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0056
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0056
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0057
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0057
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0057
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0057
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0058
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0058
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0058
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0058
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0058
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0059
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0059
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0059
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0059
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0059
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0060
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0060
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0060
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0060
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0060
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0061
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0061
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0061
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0061
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0062
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0062
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0062
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0062
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0062
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0063
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0063
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0063
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0063
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0064
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0064
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0064
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0064
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0064
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0065
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0065
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0065
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0065
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0065
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0066
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0066
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0066
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0066
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0066
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0066
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0067
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0067
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0067
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0067
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0067
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0068
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0068
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0068
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0068
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0068
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0069
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0069
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0069
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0069
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0069
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0070
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0070
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0070
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0070
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0070
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0071
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0071
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0071
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0071
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0071
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0072
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0072
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0072
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0072
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0073
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0073
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0073
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0073
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0073
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0073
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0074
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0074
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0074
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0074
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0075
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0075
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0075
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0075
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0076
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0076
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0076
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0076
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0077
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0077
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0077
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0077
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0077
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0078
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0078
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0078
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0078
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0079
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0079
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0079
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0079
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0079
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0080
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0080
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0080
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0080
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0080

Efficacy of autologous fat transfer for the correction of contour deformities in the breast

1409

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

Pierrefeu-Lagrange AC, Delay E, Guerin N, Chekaroua K, Dela-
porte T. Radiological evaluation of breasts reconstructed with
lipomodeling. Ann Chir Plast Esthet 2006;51:18-28.
Pinell-White XA, Etra J, Newell M, et al. Radiographic impli-
cations of fat grafting to the reconstructed breast. Breast J
2015;21:520-5.

Pinsolle V, Chichery A, Grolleau JL, Chavoin JP. Autologous fat
injection in Poland’s syndrome. J Plast Reconstr Aesthet Surg
2008;61:784-91.

Qureshi AA, Odom EB, Parikh RP, Myckatyn TM, Tenen-
baum MM. Patient-reported outcomes of aesthetics and satis-
faction in immediate breast reconstruction after nipple-spar-
ing mastectomy with implants and fat grafting. Aesthet Surg
J 2017;37:999-1008.

Ribuffo D, Atzeni M, Guerra M, et al. Treatment of irradiated
expanders: protective lipofilling allows immediate prosthetic
breast reconstruction in the setting of postoperative radio-
therapy. Aesthetic Plast Surg 2013;37:1146-52.

Rietjens M, De Lorenzi F, Rossetto F, et al. Safety of fat graft-
ing in secondary breast reconstruction after cancer. J Plast
Reconstr Aesthet Surg 2011;64:477-83.

Russe E, Scholler T, Hussl H, et al. Autologous fat grafting
in breast surgery: results of a retrospective study. Chirurg
2015;86:476-81.

Salgarello M, Visconti G, Barone-Adesi L. Fat grafting
and breast reconstruction with implant: another option
for irradiated breast cancer patients. Plast Reconstr Surg
2012;129:317-29.

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;127:2176-85.
Sarfati I, lhrai T, Duvernay A, Nos C, Clough K. [Autologous
fat grafting to the postmastectomy irradiated chest wall prior
to breast implant reconstruction: a series of 68 patients]. Ann
Chir Plast Esthet 2013;58:35-40.

Sarfati I, Ihrai T, Kaufman G, Nos C, Clough KB. Adipose-tissue
grafting to the post-mastectomy irradiated chest wall: prepar-
ing the ground for implant reconstruction. J Plast Reconstr
Aesthet Surg 2011;64:1161-6.

Schultz I, Lindegren A, Wickman M. Improved shape and con-
sistency after lipofilling of the breast: patients’ evaluation of
the outcome. J Plast Surg Hand Surg 2012;46:85-90.
Serra-Renom JM, Munoz-Olmo JL, Serra-Mestre JM. Fat graft-
ing in postmastectomy breast reconstruction with expanders
and prostheses in patients who have received radiotherapy:
formation of new subcutaneous tissue. Plast Reconstr Surg
2010;125:12-18.

Seth AK, Hirsch EM, Kim JY, Fine NA. Long-term outcomes fol-
lowing fat grafting in prosthetic breast reconstruction: a com-
parative analysis. Plast Reconstr Surg 2012;130:984-90.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

Silva-Vergara C, Fontdevila J, Descarrega J, et al. Oncologi-
cal outcomes of lipofilling breast reconstruction: 195 consec-
utive cases and literature review. J Plast Reconstr Aesthet
Surg 2016;69:475-81.

Sinna R, Delay E, Garson S, Delaporte T, Toussoun G. Breast fat
grafting (lipomodelling) after extended latissimus dorsi flap
breast reconstruction: a preliminary report of 200 consecutive
cases. J Plast Reconstr Aesthet Surg 2010;63:1769-77.

Small K, Choi M, Petruolo O, Lee C, Karp N. Is there an ideal
donor site of fat for secondary breast reconstruction? Aesthet
Surg J 2014;34:545-50.

Sommeling CE, Van Landuyt K, Depypere H, et al. Compos-
ite breast reconstruction: implant-based breast reconstruc-
tion with adjunctive lipofilling. J Plast Reconstr Aesthet Surg
2017;70:1051-8.

Spear SL, Wilson HB, Lockwood MD. Fat injection to correct
contour deformities in the reconstructed breast. Plast Recon-
str Surg 2005;116:1300-5.

Thekkinkattil DK, Salhab M, McManus PL. Feasibility of autolo-
gous fat transfer for replacement of implant volume in compli-
cated implant-assisted latissimus dorsi flap breast reconstruc-
tion. Ann Plast Surg 2015;74:397-402.

Tissiani LAL, Alonso N. A prospective and controlled clinical
trial on stromal vascular fraction enriched fat grafts in sec-
ondary breast reconstruction, 2016. Stem Cells International;
2016.

van Turnhout AA, Fuchs S, Lisabeth-Brone K, Vriens-Nieuwen-
huis EJC, van der Sluis WB. Surgical outcome and cosmetic re-
sults of autologous fat grafting after breast conserving surgery
and radiotherapy for breast cancer: a retrospective cohort
study of 222 fat grafting sessions in 109 patients. Aesthetic
Plast Surg 2017;41:1334-41.

Veber M, Guerin AN, Faure C, Delay E, Mojallal A. Breast re-
construction using muscle sparing latissimus dorsi flap and fat
grafting. Ann Chir Plast Esthet 2012;57:366-72.

Weichman KE, Broer PN, Tanna N, et al. The role of autologous
fat grafting in secondary microsurgical breast reconstruction.
Ann Plast Surg 2013;71:24-30.

Coleman SR. Structural fat grafting. Aesthet Surg J
1998;18:386-8.

Zhu M, Cohen SR, Hicok KC, et al. Comparison of three differ-
ent fat graft preparation methods: gravity separation, cen-
trifugation, and simultaneous washing with filtration in a
closed system. Plast Reconstr Surg 2013;131:873-80.

Pusic AL, Lemaine V, Klassen AF, Scott AM, Cano SJ. Patien-
t-reported outcome measures in plastic surgery: use and in-
terpretation in evidence-based medicine. Plast Reconstr Surg
2011;127:1361-7.


http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0081
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0081
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0081
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0081
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0081
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0081
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0082
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0082
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0082
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0082
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0082
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0083
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0083
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0083
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0083
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0083
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0084
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0084
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0084
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0084
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0084
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0084
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0085
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0085
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0085
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0085
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0085
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0086
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0086
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0086
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0086
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0086
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0087
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0087
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0087
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0087
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0087
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0088
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0088
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0088
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0088
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0089
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0089
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0089
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0089
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0090
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0090
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0090
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0090
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0090
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0090
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0091
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0091
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0091
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0091
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0091
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0091
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0092
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0092
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0092
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0092
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0093
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0093
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0093
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0093
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0094
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0094
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0094
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0094
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0094
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0095
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0095
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0095
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0095
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0095
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0096
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0096
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0096
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0096
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0096
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0096
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0097
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0097
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0097
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0097
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0097
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0097
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0098
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0098
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0098
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0098
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0098
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0099
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0099
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0099
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0099
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0100
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0100
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0100
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0100
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0101
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0101
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0101
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0102
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0102
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0102
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0102
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0102
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0102
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0103
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0103
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0103
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0103
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0103
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0103
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0104
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0104
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0104
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0104
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0104
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0105
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0105
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0106
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0106
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0106
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0106
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0106
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0107
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0107
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0107
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0107
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0107
http://refhub.elsevier.com/S1748-6815(18)30175-X/sbref0107

	Efficacy of autologous fat transfer for the correction of contour deformities in the breast: A systematic review and meta-analysis
	Introduction
	Research objectives

	Patients and methods
	Search strategy
	Data collection
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Population
	Intervention
	Control group
	Outcome measures

	Meta-analysis
	Patient and surgeon satisfaction - categorical data
	Patient and surgeon satisfaction - continuous data
	Quality of life
	Volume measurements
	Number of AFT sessions
	Complications
	Abnormal findings after AFT requiring biopsy


	Discussion
	Synthesis of results
	Clinical relevance
	Limitations
	Future recommendations

	Conclusion
	Financial disclosure statement
	Conflict of interests
	Supplementary materials
	References


