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Background: Autologous fat grafting (FG) is increasingly used as an adjunctive
reconstruction technique to augment volume, achieve symmetry, and improve
contour deformities. This study aims to characterize the oncologic and surgical
safety of FG in women undergoing autologous breast reconstruction (ABR) or
implant-based reconstruction (IBR).

Methods: A retrospective chart review was performed for all patients undergoing
FG at a multi-site single health system between 2015 to 2018. A total of 228 eligible
breasts from 155 patients were identified using Current Procedural Terminology
codes. Patients were divided by reconstructive technique. Bivariate analyses com-
pared baseline characteristics and post-FG outcomes.

Results: Mean age for patients undergoing ABR (129 breasts) was 52.8 years com-
pared to 48.6 years for those undergoing IBR (99 breasts; P= 0.002). A heavier vol-
ume of fat was grafted per ABR breast (143.8mL) than per IBR breast (102.2mL;
P = 0.002). Forty-seven (20.6%) breasts required FG revision, more frequently in
ABR breasts (31.0%) than IBR breasts (7.1%; P < 0.001). Following FG, 17.5% of
patients experienced a palpable mass, and 18.9% of breasts underwent nonroutine
diagnostics or procedures, with no difference between ABR and IBR groups. Most
biopsies noted benign findings such as fat necrosis (2.2%) or a benign mass (0.9%),
with recurrence only noted in two patients (0.9%). Mean follow-up was 20.4 months.
Conclusion: FG is a safe, surgically simple procedure more commonly performed
in ABR breasts. FG use in ABR and IBR breasts is oncologically safe, with no impair-
ment in breast surveillance and low rates of locoregional recurrence, but possibly
increased incidence of nonroutine imaging and biopsies. (Plast Reconstr Surg Glob Open
2022;10:¢4579; doi: 10.1097/GOX.0000000000004579; Published online 28 October 2022.)

INTRODUCTION

following postmastectomy reconstruction. This surgi-

Autologous fat grafting (FG) is a technique used to
treat volume and contour abnormalities of the breast
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cal adjunct is increasingly performed, as evidence refut-
ing concerns regarding impaired breast surveillance and
affirming its short-term oncologic safety increases.'”

Breast reconstruction techniques include autologous-
based reconstruction (ABR) and implant-based recon-
struction (IBR). ABR utilizes free tissue transfer harvested
from donor sites, allowing for preservation of the natural
breast contour. Alternatively, IBR uses a prosthetic device
such as an implant or tissue expander. FG serves as a solu-
tion for deformities that may arise following reconstruc-
tion, such as “rippling” or “step-offs.” It is an important
component of reconstructive surgery used in almost 30%
of all breast reconstruction cases due to its minimal inva-
siveness, ability to camouflage irregularities of the shape
and texture, and ability to approximate a more natural
breast contour.®’

Despite use of FG, there may be concern for an
increased risk of oncologic recurrence with this tech-
nique.® This concern arises from conflicting reports in
previous literature regarding recurrence rates; while
earlier reports indicated a risk of ductal carcinoma in
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situ associated with FG, more recent reports indicated
no increase in locoregional or systemic recurrence rates
of breast cancer (BC) or occurrence of a second BC.*"!0
Long-term outcomes and reporting for larger cohorts
are still necessary to establish oncologic safety with this
procedure.

In this study, we evaluate the oncologic and operative
safety of FG with ABR and IBR, as well as the incidence
of unanticipated postmastectomy imaging and biopsies in
reconstructive BC patients. Critical in this BC population,
we sought to demonstrate that although the development of
palpable masses at the site of grafting is common, they most
often correlate with fat necrosis or benign tissue changes.

PATIENTS AND METHODS

Study Design

An IRB-approved (MHRI 2018-173), retrospective
cohort study was developed from all women undergo-
ing autologous FG at a multisite, single health system
from 2015 to 2018. Eight academic, urban, and commu-
nity hospitals distributed across the District of Columbia
and Maryland regions encompass this healthcare system.
Eligible patients were identified by Current Procedure
Terminology codes for FG: 20926, 15771, 15772, 15769,
14774.

Data Collection

Patients included those who underwent mastectomy
with immediate or delayed reconstruction and subse-
quent FG. Operative and postoperative clinic notes were
evaluated using electronic medical records to gather
information regarding radiation history, mastectomy and
reconstructive techniques, and FG techniques and out-
comes. Revision procedures were defined as repeat FG,
skin excision, or capsulectomy/ capsulorrhaphy.

Patients were divided into groups based on reconstruc-
tive technique: IBR or ABR. IBR was further subdivided
into subpectoral and prepectoral groups for secondary
analysis, while ABR was split by type of flap reconstruction.
These included the deep inferior epigastric perforator
(DIEP) flap, transverse rectus abdominal muscle (TRAM)
flap, muscle-sparing (MS)-TRAM flap, latissimus dorsi
(LD) flap, transverse upper gracilis (TUG) flap, and supe-
rior inferior epigastric artery (SIEA) flap. TUG (n = 2)
and SIEA (n = 1) flaps were excluded from stratified ABR
analysis due to low numbers. Selection criteria for mastec-
tomy and reconstructive technique was based on surgeon
and patient preference, as well as intraoperative skin flap
assessment as outlined in previous studies.'”? Exclusion
criteria included follow-up less than 1 month, recurrence
or new breast malignancy between mastectomy and FG,
and incomplete data regarding reconstructive technique.

Complications and radiologic surveillance data were
gathered. Complications included incidence of infection,
hematoma, seroma, dehiscence, or necrosis following FG
of reconstructed breasts. Nonroutine imaging following
FG was collected, defined as surveillance not included in
typical postoperative radiologic recommendations. These
included ultrasound, magnetic resonance imaging, and
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Takeaways
Question: What is the oncologic and surgical safety pro-
file of fat grafting following implant- or autologous-based
reconstruction in postmastectomy breast cancer patients?

Findings: A single institution retrospective review of 228
breasts was performed. Following fat grafting, 17.5% of
patients experienced a palpable mass, 18.9% underwent
nonroutine diagnostics or procedures, and 0.9% expe-
rienced recurrence, with no differences in these rates
between implant-based and autologous-based reconstruc-
tion groups.

Meaning: Fat grafting is an oncologically and surgically
safe procedure to perform adjunctively with both implant-
based and autologous-based reconstruction techniques in
postmastectomy women.

mammogram. Rates of unplanned biopsy and excision of
tissue was measured. Qualitative evaluation of pathologic
findings following biopsy was recorded.

Fat Grafting Processing Techniques
The following fat processing techniques were used in
this study:

Centrifuge

Centrifugation is one of the most commonly used tech-
niques for fat processing. It is part of the Coleman tech-
nique, involving fat centrifugation in 10 cm?® syringes, for 3
minutes at 3000 rpm.""*

Telfa

The Telfa technique is performed by rolling the har-
vested lipoaspirate over Telfa gauze, thereby allowing the
aqueous portion of fat to be absorbed by the material."

Revolve

The revolve technique separates tumescent fluid from
lipoaspirate, washes, and vacuum-aspirates the processed
content three times automatically.’

HydraSolve

The HydraSolve (HydraSolve, Andrew Technologies,
Tustin, Calif.) technology uses a stream of warmed (37—
55°C), low-pressurized (300-1100 psi), and pulsed saline
solution to liquefy targeted adipose tissue while preserv-
ing structures like the skin, blood vessels, nerves, and con-
nective tissue.!”

PureGraft

The PureGraft (Cytori Therapeutics, San Diego, Calif.)
device is a closed membrane filtration system that washes
and filters harvested fat. Its exact technology is yet to be
publicly disclosed, but its functional mechanism mirrors
that of dialysis units.'®

AquaVage
The AquaVage (AquaVage, M.D. Resource, Livermore,
Calif.) is a closed system device that harvests fat at low flow
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volumes. Once the fluid is separated from the fat, the fat
is decanted into lock syringes that can be readily injected
into the patient without further processing.

Statistical Analysis

Bivariate analysis comparing ABR and IBR baseline char-
acteristics and FG characteristics and outcomes used either
chisquared, Fisher exact, or Student ¢ test as appropriate.
Statistical analysis was performed using STATA 17.0."

RESULTS

Patient Demographics

A cohort of 155 patients underwent FG for 228 breasts.
Mean age was 60.0+10.3 years (Table 1). ABR patients
were older (52.8+10.0 years) compared with IBR patients
(48.6+10.3 years; P=0.002). The majority of breasts under-
went immediate reconstruction (n = 194, 85.1%). Most
breasts underwent mastectomy for therapeutic concerns
(n =148, 64.9%). ABR breasts most commonly underwent
skin-sparing mastectomy (n = 62, 48.1%), compared with
IBR breasts undergoing nipple-sparing mastectomy (n =
38, 38.4%; P=0.029). If a patient had a history of radiation,
there was a trend toward undergoing ABR (n =18, 14.0%)
more than IBR (n = 6, 6.1%; P = 0.054). Adjuvant radia-
tion did not affect reconstructive approach. ABR patients
most commonly underwent reconstruction with LD (n =
55/129, 42.6%) or DIEP (n = 52/129, 40.3%) flaps. Most
IBR patients underwent subpectoral (n = 67/99, 67.7%)
compared with prepectoral reconstruction (n=32, 32.3%).

Fat Grafting Techniques

Mean time from mastectomy to FG was 2.7+0.6
months, with no difference in time to FG between ABR

Table 1. Mastectomy and Reconstructive Techniques

and IBR groups (Table 2). FG was most frequently per-
formed as a revision procedure following reconstruction
(n = 116/222, 52.3%), more frequently following ABR
(n =74/127, 58.3%) than IBR (n = 42/95, 44.2%; P =
0.025). In 47.8% (n = 106/222) of cases, FG occurred
at the time of reconstruction (eg, tissue expander
exchange, implant exchange, or ABR). When FG was
performed with ABR, it was always as part of a LD and
immediate fat transfer (LIFT) procedure. FG was more
commonly used unilaterally in ABR patients than in IBR
(59.3 versus 40.3%; P = 0.021) and bilaterally in IBR
patients than ABR (59.7 versus 40.7%; P = 0.021). The
abdomen served as the most common FG donor site (n
=92, 40.5%). The most common FG processing system
used across all breasts was PureGraft (n =91, 40.0%; P<
0.001). Tumescence was used for fat harvest in 95.9% of
breasts (n = 208/217).

On average, fat was grafted to a greater number of
locations in ABR breasts (1.7+0.81) compared to IBR
breasts (1.4+0.67; P < 0.001). The superior breast was
most commonly fat grafted (n = 122, 56.7%; P < 0.001);
this was the most common site in IBR breasts (n = 75,
83.3%), compared with the LD in ABR breasts (n = 53,
42.4%). Across all breasts, an average 127.4+7.4mL of
fat was grafted per breast; ABR breasts required a greater
fat grafting volume (143.8+10.6mL) compared with IBR
breasts (102.2+8.5mL; P<0.001).

Outcomes following Reconstruction with Fat Grafting

FG outcomes following reconstruction were assessed in
terms of postoperative revision procedures, complications,
and length of follow-up (Table 3). Seventy-three (32.0%)
reconstructed breasts underwent revisions, most com-
monly involving repeat FG (n = 47, 20.6%). ABR breasts
experienced higher revision rates (n = 50, 38.8%) than

All Reconstructed Breasts (n, %) ABR Breasts (n, %) IBR Breasts (n, %) P
Total breasts 228 129 (56.6) 99 (43.4) —
Age,y 60.0+£10.3 52.8+10.0 48.6+10.3 0.002
Indication 0.627
Therapeutic 148 (64.9) 82 (63.6) 66 (66.7)
Prophylactic 80 (35.1) 47 (36.4) 33 (33.3)
Mastectomy approach 0.029
SSM 2 (40.4) 62 (48.1) 30 (30.3)
NSM (28 1) 26 (20.2) 38 (38.4)
Simple 3 (5.7) 8 (6.2) 5 (5.1)
Radical 5 (2. ) 2 (1.6) 3 (3.0)
Total 1(9.2 11 (8.5) 10 (10.1)
Not recorded 3 (14. 5) 20 (15.5) 13 (13.1)
Radiation
History of radiation 24 (10.5) 18 (14.0) 6 (6.1) 0.054
Adjuvant 37 (16.2) 25 (19.4) 12 (12.1) 0.141
Timing of reconstruction 0.643
Immediate 194 (85.1) 111 (86.1) 83 (83.8)
Delayed 34 (14.9) 18 (14.0) 16 (16.2)
IBR plane of reconstruction — — —
Subpectoral 67 (67.7)
Prepectoral 32 (32.3)
ABR flap type — — —
LD 55 (42.6)
DIEP 52 (40.3)
TRAM 13 (10.1)
MS-TRAM 6 (4.7)
TUG 2 (1.6)
SIEA 1 (0.8)

Pvalues < 0.05 are indicated in bold. NSM, nipple-sparing mastectomy; PMRT, postmastectomy radiation therapy; SSM, skin-sparing mastectomy; XRT, radiation

therapy.
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All Reconstructed Breasts (%) IBR Breasts
n =228 ABR Breasts (%) n = 129 (%) n=99 P
Time from mastectomy to FG, mo 2.7+0.6 2.7+0.8 2.6+0.9 0.923
Timing of FG (n = 222)
TE exchange 17 (7.9) 0 (0.0) 17 (17.9) —
Implant exchange 38 (17.1) 3 (2.3) 35 (35.7) —
ABR 51 (23.0) 50 (39.4) 1(1.1) —
Revision FG 116 (52.3) 74 (58.3) 42 (44.2) 0.025
Laterality of FG (n = 153)
Unilateral 79 (51.6) 54 (59.3) 25 (40.3) 0.021
Bilateral 74 (48.4) 37 (40.7) 37 (59.7) 0.021
FG Donor Site (n = 228) —
Abdomen 92 (40.5) 34 (26.4) 58 (59.2)
Thigh 24 (10.5) 13 (10.1) 11 (11.2)
Flank 21 (9.3) 18 (14.0) 3 (3.01)
Flanks/abdomen 45 (19.8) 33 (25.6) 12 (12.2)
Abdomen/thigh 16 (7.1) 9 (6.7) 7(7.1)
Flank/thigh 12 (5.3) 10 (7.8) 2 (2.0)
Flank/abdomen/thigh 13 (57) 10 (7.8) 3 (3.1)
Other 4 (1.8) 2 (1.6) 2 (2.0)
Use of tumescence (n = 217) 208 (95.9) 123 (97.6) 85 (93.4) 0.170
Processing system 91 (40.0) 71 (55.0) 20 (20.2) <0.001
PureGraft
Revolve 68 (29.8) 27 (20.9) 41 (41.4)
Hydrasolve 13 (5.7) 2 (1.6) 11 (11.1)
AquaVage 6 (2.6) 5(3.9) 1(1.0)
Telfa 1(0.4) 1 (0.8) 0 (0.0)
Not recorded 49 (21.5) 23 (17.8) 26 (25.2)
Volume of FG, mL
Before process 380.5+37.9 374.3+397.1 386.5+408.7 0.874
After process 200.6+152.6 214.3+154.3 179.9+148.5 0.135
Recipient Site
No. locations 1.2+0.03 1.2+£0.04 1.3+£0.05 0.049
Primary recipient site
Superior 122 (56.7) 7 (35.7) 75 (83.3) <0.001
S. lateral 7 (3.3) 6 (4.8) 1(1.1)
S. medial 15 (7.0) 11 (8.8) 4 (4.4)
Inferior 2 (0.9) 2 (1.6) 0 (0.0)
I. medial 3 (1.4) 2 (1.6) 1(1.1)
Medial 3 (1.4) 1 (0.8) 2 (2.2)
Lateral 5(2.3) 3 (2.4) 2 (2.2)
LD 58 (27.0) 53 (42.4) 5 (5.1)
Total volume grafted, mL 127.4+7.4 143.8+10.6 102.2+8.5 <0.001
Prvalues < 0.05 are indicated in bold. I. medial, inferior medial; S. lateral, superior lateral; S. medial, superior medial; TE, tissue expander.
Table 3. Postreconstruction and Fat Grafting Outcomes
All Reconstructed Breasts (%)n = 228 ABR Breasts (%) n =129 IBR Breasts (%) n = 99 P
Revision Procedures 3 (32.0) 50 (38.8) 23 (23.2) 0.013
Repeat FG 47 (20.6) 40 (31.0) 7 (7.1) <0.001
Skin excision 11 (4.8) 6 (4.7) 5 (5.1) 1.000
Capsulectomy/ 15 (6.6) 4 (3.1) 11 (11.1) 0.016
capsulorrhaphy
Complications 20 (8.8) 19 (14.7) 1 (1.0) <0.001
Infection 4 (1.8) 4 (3.1) 0 (0.0) 0.135
Hematoma 1(0.4) 1 (0.8) 0 (0.0) 1.000
Seroma 8 (3.5) 7 (5.4) 1 (1.0) 0.142
Dehiscence 5(2.2) 5(3.9) 0 (0.0) 0.071
Necrosis 2 (0.9) 2 (1.6) 0 (0.0) 0.506
Follow-up (mo) 20.4+16.0 16.3+14.1 25.8+1.7 <0.001

Pvalues < 0.05 are indicated in bold.

IBR breasts (n = 23, 23.2%; P = 0.013), with ABR breasts
more often undergoing repeat FG (n = 40, 31.0%) than
IBR breasts (n = 7, 7.1%; P < 0.001). IBR breasts under-
went capsulectomy or capsulorrhaphy at a higher rate
(n =11, 11.1%) than ABR breasts with implants (n = 4
3.1%; P=0.016). The overall complication rate was 8.8%
(n = 20), with ABR breasts experiencing a higher 30-day
complication rate (n =19, 14.7%) than IBR breasts (n=1,
1.0%; P < 0.001). There was no difference in occurrence
of infection, hematoma, seroma, necrosis, or dehiscence
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between groups. Length of follow-up in ABR patients was
significantly shorter than in IBR patients (16.3+14.1 ver-
sus 25.8+1.7 months; P< 0.001).

Diagnostic Outcomes after Reconstruction

Palpable lumps or nodules occurred in 17.5% (n =
40) of breasts following reconstruction with FG (Table 4),
with 18.9% (n = 43) of all breasts undergoing nonroutine
diagnostic workup, most frequently by ultrasound (n =
38, 16.7%). Ten breasts (4.4%) underwent biopsy, most
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Table 4. Diagnostic and Oncologic Outcomes Following Reconstruction with Fat Grafting

Reconstructive Types Implant-based Plane Flap Types’

Subpectoral Prepectoral

All Breasts ABR IBR P IBR IBR P DIEP TRAM MS-TRAM LD P

No. (%) 228 129 99 —_ 67 32 — 52 13 6 55 —

Palpable mass after FG 40 (17.5) 24 (18.6) 16 (16.2) 0.631 13 (19.4) 3(9.4) 0.254 11 (21.2) 4 (30.8) 3 (50.0) 4 (7.3) 0.010

Nonroutine diagnostics’ 43 (18.9) 22 (17.2) 21 (21.2) 0.521 15 (22.4) 6 (18.8) 0.679 10 (19.2) 4 (30.8) 2(33.3) 6 (11.1) 0.252

38 (16.7) 20 (15.6) 18 (18 2) 0.705 12 (17.9) 6 (18.8) 0.919 10 (19.2) 3 (23.1) 2(33.3) 5 (9.3) 0.277

MRI 10 (44) 4 (3.1) 6(6.1) 0337 5 (7.5) 1(3.1) 0.661 1(1.9) 0(0.0) 1(16.7) 2(3.6) 0.351

Mammogram 6(2.6) 3(23) 3(3.0) 1.000 1 (1.5) 2 (6.3) 0.243 3 (5.8) 0(0.0) 0 (0.0) 0 (0.0) 0.344
Biopsy 10 (4.4) 7 (5.43) 3(3.0) 0.520 2 (3.0) 1(3.1) 1.000 4 (7.7) 1(7.7) 1(16.7) 1(1.8) 0.178
Excision 4(1.8) 2(1.6) 2(2.0) 1.000 2(3.0) 0 (0.0) 1.000 0 (0.0) 1(7.7) 1(16.7) 0 (0.0) 0.022

Biopsy findings
Fat necrosis 5(22) 3(23) 2(2.0) 1.000 1(1.b) 1(3.1) 1.000 3 (5.8) 0 (0.0) 0 (0.0) 0 (0.0) 0.486
Benign 2(09) 2(1.6) 0(0.0) 1.000 0(0.0) 0 (0.0) - 1(1.9) 1(7.7) 0(0.0) 0 (0.0) 0.714
Recurrence 2(09) 2(1.6) 0(0.0) 1.000 0 (0.0) 0 (0.0) - 0(0.0) 0(0.0) 1(16.7) 1(1.8) 0.143

Pvalues < 0.05 are indicated in bold. MRI, magnetic resonance imaging; US, ultrasound.

"Does not total 129 ABR flaps since SIEA (n = 1) and TUG (n = 2) flaps were not included in analysis, due to low numbers.

"Recorded as total unique breasts that underwent any nonroutine diagnostics.

Table 5. Occurrence of Palpable Masses by Type of Fat Graft System Utilized

Fat Graft System No Palpable Mass (n = 147) Palpable Mass (n = 32) P

AquaVage 2 (33.3%) 4 (66.7%) 0.039

HydraSolve 10 (76.9%) 3 (23.1%)

PureGraft 78 (85.7%) 13 (14.3%)

Revolve 56 (82.4%) 12 (17.6%)

Telfa 1 (100.0%) 0 (0.0%)

Pvalues < 0.05 are indicated in bold.

commonly with benign findings including fat necrosis (n =
5,2.2%) or a benign mass (n =2, 0.9%). Two breasts expe-
rienced recurrence (0.9%) at mean 60.7+37.0 months
since mastectomy. There were no differences in incidence
of palpable mass, completion of nonroutine diagnostics,
or biopsy findings between ABR and IBR breasts.

Among IBR breasts, 16.2% (n = 16) experienced a
palpable mass after FG, with 21.2% (n = 21) undergo-
ing nonroutine diagnostic workup. Three breasts (3.0%)
underwent biopsy and two (2.0%) underwent excision.
When stratified by pectoral plane, no differences were
seen regarding these diagnostic outcomes.

Among ABR breasts, 24 (18.6%) experienced a pal-
pable mass after FG. This occurred in 11 (21.2%) DIEPs,
four (30.8%) TRAMSs, three (50.0%) MS-TRAMs, and four
(7.3%) LDs (P=0.010). Nonroutine diagnostics were per-
formed in 22 (17.2%) breasts. Excision occurred more fre-
quently in MS-TRAMs (n=1, 16.7%) compared with other
ABR techniques (P=0.022).

In cases where the fat graft processing system used
was known, the rate of palpable lumps stratified by type
of system was studied. This rate was significantly higher
in patients who underwent fat grafting by AquaVage
(n =4, 66.7%) compared with other processing systems
(P=10.039; Table 5).

DISCUSSION
To our knowledge, this is the first and largest study
comparing oncologic safety outcomes following FG
for postmastectomy autologous-based versus implant-
based reconstruction in BC patients. We found that FG
use in either ABR or IBR is oncologically safe, with low

locoregional recurrence rates (0.9%). Rates of palpable
masses following reconstruction with FG were compa-
rable between reconstructive techniques (18.6% ABR
versus 16.2% IBR), as well as rates of nonroutine diagnos-
tics within each group (17.2% ABR versus 21.2% IBR).
Stratification of reconstructive techniques within ABR
and IBR groups, such as flap type or pectoral plane also
found no differences in outcomes. We provide evidence of
oncologically safe reconstruction with FG no matter which
reconstructive technique a patient chooses to undergo.

Despite increasing use of FG in recent years, with nearly
30% of all breast reconstructions cases utilizing FG in
2016, it was not previously accepted as a safe and effective
reconstructive option in postmastectomy women.” FG was
labeled “experimental” by the 1987 American Society of
Plastic Surgeons committee report, which strongly advised
against its use due to its potentially adverse impacts on
breast imaging and BC screening.”’ A more recent posi-
tion statement in 2012 outlined evidence indicating that
FG in postmastectomy reconstruction yielded aesthetic
improvements and improved patient satisfaction while
maintaining low complication rates.” Despite this condi-
tional support, the report acknowledged the limited evi-
dence available and need for additional studies assessing
oncologic safety and efficacy of FG.* The current study
serves to provide evidence supporting FG as a safe adjunc-
tive reconstruction option for BC patients.

Benefits and Complications of Fat Grafting following
Reconstruction

With mastectomy serving as a common option in BC
treatment and prophylaxis, many patients choose postmas-
tectomy breast reconstruction to lessen adverse impacts of
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mastectomy on psychosocial functioning and quality of
life.* Unfortunately, the desired aesthetic outcome is not
always achieved following reconstruction.

In recent years, popularization of prepectoral implant
placement resulted in their wide acceptance as an alterna-
tive to submuscular implants, given the reduction in pain
and muscle impairment and the new development of acel-
lular dermal matrices.?*** However, the decreased availabil-
ity of overlying soft tissue for prepectoral implants presents
unique challenges of “rippling” and “step-offs”, especially
in thin women.?”** FG application to the upper pole and
to the plane between the acellular dermal matrices and
overlying skin flap can enhance overall breast volume and
mask deformities (Fig. 1).%*% Following FG at the time
of implant exchange for subpectoral IBR, FG targets the
upper poles of the breast, upper edge of the implant, and
midline plane to reduce implant visibility, rippling, and
achieve a natural-appearing anatomic upper pole slope.”
In the current study, adjunctive FG following IBR was
applied to the superior pole in 83% of cases, as well as the
superior lateral (1%) and superior medial (4.4%) poles.
The addition of FG to traditional IBR increases patient
satisfaction regarding aesthetic outcomes compared with
those who do not undergo the procedure.”**

Similar to IBR breasts, FG in ABR improves volume in
thin patients and eases transition contours between tissue
flaps and the native chest wall (Fig. 2).”*? Adjunctive FG
use also expands the population able to undergo ABR,
allowing patients with a thin body habitus or medium- to
large-sized breasts to undergo ABR despite having inad-
equate donor-site volume.” ABR augmentation with large-
volume fat grafts additionally yielded high levels of patient
and surgeon satisfaction without prolongation of treat-
ment periods or additional take-backs when compared
to ABR without FG.” Our study found FG was used more
often to revise contour deformities following primary ABR
reconstruction than IBR, and that ABR breasts utilized a
greater volume of fat grafted.

FG is complicated by the unpredictable nature of fat
resorption, with a 40 to 60% volume loss within the first
6 months following FG requiring 15 to 24% of patients to
undergo additional grafting procedures.** In 31.0% of
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our ABR breasts, patients opted for repeat FG procedures, a
significantly higher rate than for IBR breasts (7.1%). Cohen
et al previously reported an overall FG complication rate
of 9.4%, comparable to the 8.8% experienced in our over-
all cohort.™ A study utilizing the National Surgery Quality
Improvement Program Participant Use Files to compare out-
comes following breast reconstruction reported a complica-
tion rate of 4.5% in IBR patients and 9.1% in ABR patients."’
Rates of IBR complications were comparable to rates seen
in our study, despite patients undergoing additional FG. We
report higher rates of complications in ABR patients with
FG (14.7%), possibly due to the greater volume of FG and
revision procedures required in these patients.

Oncologic Safety of Fat Grafting

Oncologic safety following reconstructive procedures
is paramount. Previous studies demonstrated the involve-
ment of adipocytes and preadipocytes in tumor-stromal
interaction, suggesting their role in oncogenesis; however,
no in vivo studies support this association. For women
with BC undergoing mastectomy, the 20-year locoregional
recurrence rate ranges from 1 to 2.3%."~° Prior stud-
ies reported no significant association between FG and
disease recurrence in women treated for BC.” Rates of
locoregional recurrence up to 2.9% have been reported in
breast reconstruction patients who underwent FG.">"* At
mean follow-up of 20.4 months, we report rates of locore-
gional recurrence comparable to prior studies in patients
who underwent FG (0.9%), with no significant difference
between ABR and IBR techniques. Our results support the
oncologic safety profile of adjuvant FG use with any recon-
structive technique.

Postmastectomy Nonroutine Diagnostics

With the increasingly pervasive use of FG, there is a
potential for unintended consequences such as increased
incidence of palpable fat-related changes. Complications
have been reduced following refinements in technique;
however fat necrosis still occurs at rates of 5 to 22.1%.'7%?
In BC patients, a new palpable mass in the reconstructed
breast can be a source of significant concern for both the
patient and multidisciplinary BC team, reflexively leading

Fig. 1. Autologous fat grafting following implant-based reconstruction. (A) Patient is a 34-year-old
woman with a medical history of right-sided breast cancer, status post bilateral mastectomy with place-
ment of saline implants. She presented 2 months preoperatively, wishing for an implant exchange to
silicone implants with fat grafting. (B) Patient presented four months postoperatively for follow-up, sta-
tus post bilateral implant exchange to silicone implants with autologous fat grafting to the upper pole
of the right breast and lower and medial poles of the left breast.
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Fig. 2. Autologous fat grafting following autologous-based reconstruction.

(A, B) Patient is a 57-year-old woman with a history of bilateral mastectomies and implant-based recon-
struction. She presented 5 weeks postoperatively following bilateral delayed DIEP reconstruction due
to animation deformity of the original implants. (C, D) Patient underwent autologous fat grafting for
acquired asymmetry three months following bilateral DIEP flap reconstruction. Here she presents 10
weeks postoperatively. During the fat grafting procedure, fat was injected preferentially into the right
breast for volumetric symmetry using 90 cm?and the left breast with 20cc to fill out the contour deformity.

to nonsurveillant imaging and possible additional inva-
sive procedures.” Currently, there is still no consensus
regarding the use of routine or diagnostic breast imag-
ing in reconstructed patients. Shammas et al reported the
limited effects of surveillant imaging of palpable masses
on locoregional-recurrence-free survival in reconstructed
patients, emphasizing the importance of a multidisci-
plinary approach in defining the likelihood of benign
findings such as inherent complications of reconstructive
techniques.” This approach may reduce the incidence of
unnecessary imaging and biopsy postmastectomy.”
Previous studies reported postmastectomy diagnostic
imaging rates of 22 to 31.7% in patients reconstructed
with additional FG, and rates of biopsy ranging from 4.8 to
7.8% %% Overall, 17.5% of our FG patients experienced
palpable masses. Patients who underwent AquaVage expe-
rienced the highest rate of palpable lumps (66.7%), while
more commonly used systems like PureGraft and Revolve
had the lowest rates (14.3% and 17.6%, respectively).
Pinell-White et al reported that FG patients underwent
22% more imaging studies than non-FG counterparts and
twice as many breast biopsies.” We report a lower rate
of patients who underwent postmastectomy nonroutine
diagnostics (18.9%), which most frequently involved ultra-
sound. In cases of suspicious findings on imaging, invasive
diagnostics such as biopsy or excision were performed in
6.1% of patients, comparable to prior reports. Most find-
ings were benign, such as normal postoperative changes
or fat necrosis. Given that most diagnostics resulted
in benign findings, we further highlight the need for

multidisciplinary communication between oncology and
surgery teams before ordering nonroutine diagnostics.”

Inherent study limitations include the retrospective
nature of our study design, which depended on the qual-
ity of data reported within patients’ medical records. Data
were included from a single institution, limiting the gener-
alizability and comprehensiveness of the findings, as well
as the sample size. Additionally, the short follow-up period
may reflect the lower rate of recurrence observed. Patients
in this cohort could have possibly sought care for postop-
erative complications in other hospitals not included in
this analysis. A weakness of this study is the lack of inclu-
sion of cancer stage data in the setting of discussions sur-
rounding cancer recurrence. The operative notes were
written by different surgeons and were not standardized
to include the same details. The choice of FG processing
technique was based on surgeon preference and resource
availability, preventing the ability to effectively account
for the variations in techniques used in each case of FG.
Future prospective cohort studies, ideally with multi-insti-
tutional collaboration, are needed to assess the long-term
safety and efficacy of this technique.

CONCLUSIONS
This study demonstrates FG following ABR or IBR as
a safe adjunctive technique for postmastectomy recon-
struction. We highlight the surgical and oncologic safety
provided by this technique and emphasize the need for a
multidisciplinary approach in evaluating palpable masses
that may arise following reconstruction. This can help
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in reducing unnecessary nonroutine diagnostic imaging
and procedures, further improving quality of care for BC
patients.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Kenneth L. Fan, MD

Department of Plastic and Reconstructive Surgery
MedStar Georgetown University Hospital

3800 Reservoir Rd NW

Washington, DC 20007

E-mail: kenneth.l.fan@medstar.net

REFERENCES

. Kasem A, Wazir U, Headon H, et al. Breast lipofilling: a review of

current practice. Arch Plast Surg. 2015;42:126-130.

. Kaoutzanis C, Xin M, Ballard TN, et al. Autologous fat grafting

after breast reconstruction in postmastectomy patients: compli-
cations, biopsy rates, and locoregional cancer recurrence rates.
Ann Plast Surg. 2016;76:270-275.

. Myckatyn TM, Wagner 1], Mehrara BJ, et al. Cancer risk after

fat transfer: a multicenter case-cohort study. Plast Reconstr Surg.
2017;139:11-18.

. Gale KL, Rakha EA, Ball G, et al. A case-controlled study

of the oncologic safety of fat grafting. Plast Reconstr Surg.
2015;135:1263-1275.

. Petit JY, Botteri E, Lohsiriwat V, et al. Locoregional recur-

rence risk after lipofilling in breast cancer patients. Ann Oncol.
2012;23:582-588.

. Sommer B, Sattler G. Current concepts of fat graft survival: his-

tology of aspirated adipose tissue and review of the literature.
Dermatol Surg. 2000;26:1159-1166.

. Kling RE, Mehrara BJ, Pusic AL, et al. Trends in autologous fat

grafting to the breast: a national survey of the American Society
of Plastic Surgeons. Plast Reconstr Surg. 2013;132:35-46.

. Petit JY, Rietjens M, Botteri E, et al. Evaluation of fat grafting

safety in patients with intra epithelial neoplasia: A matched-
cohort study. Annals of oncology. 2013;24:1479-1484.

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

388.

Kronowitz SJ, Mandujano CC, Liu J, et al. Lipofilling of the
breast does not increase the risk of recurrence of breast cancer: a
matched controlled study. Plast Reconstr Surg. 2016;137:385-393.
Dorafshar AH, Januszyk M, Song DH. Anatomical and tech-
nical tips for use of the superficial inferior epigastric artery
(SIEA) flap in breast reconstructive surgery. | Reconstr Microsurg.
2010;26:381-389.

Economides JM, Song DH. Latissimus dorsi and immediate fat
transfer (LIFT) for complete autologous breast reconstruction.
Plast Reconstr Surg Glob Open. 2018;6:¢1656.

Patel KB, Mendonca DA, Skolnick G, et al. Anatomical study of
the medial crura and the effect on nasal tip projection in open
rhinoplasty. Plast Reconstr Surg. 2013;132:787-793.

Coleman SR. Structural fat grafting: more than a permanent
filler. Plast Reconstr Surg. 2006;118(3 Suppl):1085-120S.

Kim IH, Yang JD, Lee DG, et al. Evaluation of centrifugation
technique and effect of epinephrine on fat cell viability in autol-
ogous fat injection. Aesthet Surg J. 2009;29:35-39.

Boyce M, Radtke C, Vogt P. The volumetric analysis of fat graft sur-
vival in breast reconstruction. Plast Reconstr Surg. 2013;131:185—
191.:

Borab ZM, Godek CP. Tissue liquefaction liposuction for body
contouring and autologous fat transfer: A retrospective review
over 3 years. Iplasty. 2016;16:e36.

Gerth DJ, King B, Rabach L, et al. Long-term volumetric reten-
tion of autologous fat grafting processed with closed-membrane
filtration. Aesthet Surg J. 2014;34:985-94.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

PRS Global Open * 2022

. StataCorp. Stata Statistical Software: Release 17. College Station, Tex.:

StataCorp LLC. 2021;17.0.

American Society of Plastic Surgeons: 2016 plastic surgery statis-
tics report. 2017. Available at https://statistical.proquest.com/
statisticalinsight/result/pqpresultpage.previewtitle’docType =
PQSI&titleUri = /content/2017/A2970-1.xml.

Report on Autologous Fat Transplantation. ASPRS ad-hoc com-
mittee on new procedures, September 30, 1987. Plastic Surgical
Nursing. 1987;7:140-141.

American Society of Plastic Surgeons: 2012 plastic surgery statis-
tics report. 2013. Available at https://statistical.proquest.com/
statisticalinsight/result/pqpresultpage.previewtitle’docType =
PQSI&titleUri = /content/2013/A2970-1.xml.

Wilkins EG, Cederna PS, Lowery JC, et al. Prospective analysis
of psychosocial outcomes in breast reconstruction: one-year
postoperative results from the Michigan Breast Reconstruction
Outcome Study. Plast Reconstr Surg. 2000;106:1014-25.
Reitsamer R, Peintinger F. Prepectoral implant placement
and complete coverage with porcine acellular dermal matrix:
a new technique for direct-to-implant breast reconstruction
after nipple-sparing mastectomy. ] Plast Reconstr Aesthel Surg.
2015;68:162-167.

Turner A, Abu-Ghname A, Davis MJ, et al. Fat grafting in breast
reconstruction. Semin Plast Surg. 2020;34:17-23.

Vidya R, Igbal FM, Becker H, et al. Rippling associated with pre-
pectoral implant based breast reconstruction: A new grading sys-
tem. World ] Plast Surg. 2019;8:311-315.

Darrach H, Kraenzlin F, Khavanin N, et al. The role of fat grafting
in prepectoral breast reconstruction. Gland Surg. 2019;8:61-66.
Hammond DC, Schmitt WP, O’Connor EA. Treatment of breast
animation deformity in implant-based reconstruction with
pocket change to the subcutaneous position. Plast Reconstr Surg.
2015;135:1540-1544.

Highton L, Johnson R, Kirwan C, et al. Prepectoral implant-based
breast reconstruction. Plast Reconstr Surg Glob Open. 2017;5:¢1488.
Elswick SM, Harless CA, Bishop SN, et al. Prepectoral implant-
based breast reconstruction with postmastectomy radiation ther-
apy. Plast Reconstr Surg. 2018;142:1-12.

Katzel EB, Bucky LP. Fat grafting to the breast: clinical applica-
tions and outcomes for reconstructive surgery. Plast Reconstr Surg.
2017;140:69S-76S.

Stark RY, Mirzabeigi MN, Vonderhaar R], et al. Utilizing large
volume fat grafting in breast reconstruction after nipple sparing
mastectomies. Gland Surg. 2018;7:337-346.

Qureshi AA, Odom EB, Parikh RP, et al. Patient-reported out-
comes of aesthetics and satisfaction in immediate breast recon-
struction after nipple-sparing mastectomy with implants and fat
grafting. Aesthet Surg J. 2017;37:999-1008.

Laporta R, Longo B, Sorotos M, et al. Breast reconstruction with
delayed fat-graft-augmented DIEP flap in patients with insuffi-
cient donor-site volume. Aesthetic Plast Surg. 2015;39:339-349.
Niechajev I, Sevéuk O. Long-term results of fat transplan-
tation: clinical and histologic studies. Plast Reconstr Surg.
1994;94:496-506.

Delay E, Savu T, Atanasiu M. Lipomodeling in breast
reconstruction. Annales de chirurgie plastique el esthétique.
2018;63:505-515.

Hoérl HW, Feller AM, Biemer E. Technique for liposuction fat
reimplantation and long-term volume evaluation by magnetic
resonance imaging. Annals of plastic surgery. 1991;26:248-258.
Missana MC, Laurent I, Barreau L, et al, Autologous fat trans-
fer in reconstructive breast surgery: Indications, technique and
results. Furopean journal of surgical oncology. 2006;33:685—-690.
Cohen O, Lam G, Karp N, et al. Determining the oncologic
safety of autologous fat grafting as a reconstructive modality: an


mailto:kenneth.l.fan@medstar.net?subject=
https://doi.org/10.5999/aps.2015.42.2.126
https://doi.org/10.5999/aps.2015.42.2.126
https://doi.org/10.1097/SAP.0000000000000561
https://doi.org/10.1097/SAP.0000000000000561
https://doi.org/10.1097/SAP.0000000000000561
https://doi.org/10.1097/SAP.0000000000000561
https://doi.org/10.1097/PRS.0000000000002838
https://doi.org/10.1097/PRS.0000000000002838
https://doi.org/10.1097/PRS.0000000000002838
https://doi.org/10.1097/PRS.0000000000001151
https://doi.org/10.1097/PRS.0000000000001151
https://doi.org/10.1097/PRS.0000000000001151
https://doi.org/10.1093/annonc/mdr158
https://doi.org/10.1093/annonc/mdr158
https://doi.org/10.1093/annonc/mdr158
https://doi.org/10.1046/j.1524-4725.2000.00278
https://doi.org/10.1046/j.1524-4725.2000.00278
https://doi.org/10.1046/j.1524-4725.2000.00278
https://doi.org/10.1097/PRS.0b013e318290fad1
https://doi.org/10.1097/PRS.0b013e318290fad1
https://doi.org/10.1097/PRS.0b013e318290fad1
https://doi.org/10.1093/annonc/mds660
https://doi.org/10.1093/annonc/mds660
https://doi.org/10.1093/annonc/mds660
https://doi.org/10.1016/S1090-820X(98)70098-6
https://doi.org/10.1016/S1090-820X(98)70098-6
https://doi.org/10.1097/01.prs.0000475741.32563.50
https://doi.org/10.1097/01.prs.0000475741.32563.50
https://doi.org/10.1097/01.prs.0000475741.32563.50
https://doi.org/10.1055/s-0030-1249604
https://doi.org/10.1055/s-0030-1249604
https://doi.org/10.1055/s-0030-1249604
https://doi.org/10.1055/s-0030-1249604
https://doi.org/10.1097/GOX.0000000000001656
https://doi.org/10.1097/GOX.0000000000001656
https://doi.org/10.1097/GOX.0000000000001656
https://doi.org/10.1097/PRS.0b013e3182a0137a
https://doi.org/10.1097/PRS.0b013e3182a0137a
https://doi.org/10.1097/PRS.0b013e3182a0137a
https://doi.org/10.1097/01.prs.0000234610.81672.e7
https://doi.org/10.1097/01.prs.0000234610.81672.e7
https://doi.org/10.1016/j.asj.2008.09.004
https://doi.org/10.1016/j.asj.2008.09.004
https://doi.org/10.1016/j.asj.2008.09.004
https://doi.org/10.1097/PRS.0b013e3182789b13
https://doi.org/10.1097/PRS.0b013e3182789b13
https://doi.org/10.1097/PRS.0b013e3182789b13
https://pubmed.ncbi.nlm.nih.gov/28077985/
https://pubmed.ncbi.nlm.nih.gov/28077985/
https://pubmed.ncbi.nlm.nih.gov/28077985/
https://doi.org/10.1177/1090820X14542649
https://doi.org/10.1177/1090820X14542649
https://doi.org/10.1177/1090820X14542649
https://statistical.proquest.com/statisticalinsight/result/pqpresultpage.previewtitle?docType = PQSI&titleUri = /content/2017/A2970-1.xml.
https://statistical.proquest.com/statisticalinsight/result/pqpresultpage.previewtitle?docType = PQSI&titleUri = /content/2017/A2970-1.xml.
https://statistical.proquest.com/statisticalinsight/result/pqpresultpage.previewtitle?docType = PQSI&titleUri = /content/2017/A2970-1.xml.
https://www.ncbi.nlm.nih.gov/pubmed/3438355
https://www.ncbi.nlm.nih.gov/pubmed/3438355
https://www.ncbi.nlm.nih.gov/pubmed/3438355
https://statistical.proquest.com/statisticalinsight/result/pqpresultpage.previewtitle?docType = PQSI&titleUri = /content/2013/A2970-1.xml
https://statistical.proquest.com/statisticalinsight/result/pqpresultpage.previewtitle?docType = PQSI&titleUri = /content/2013/A2970-1.xml
https://statistical.proquest.com/statisticalinsight/result/pqpresultpage.previewtitle?docType = PQSI&titleUri = /content/2013/A2970-1.xml
https://doi.org/10.1097/00006534-200010000-00010
https://doi.org/10.1097/00006534-200010000-00010
https://doi.org/10.1097/00006534-200010000-00010
https://doi.org/10.1097/00006534-200010000-00010
https://doi.org/10.1016/j.bjps.2014.10.012
https://doi.org/10.1016/j.bjps.2014.10.012
https://doi.org/10.1016/j.bjps.2014.10.012
https://doi.org/10.1016/j.bjps.2014.10.012
https://doi.org/10.1016/j.bjps.2014.10.012
https://doi.org/10.1055/s-0039-1700959
https://doi.org/10.1055/s-0039-1700959
https://doi.org/10.29252/wjps.8.3.311
https://doi.org/10.29252/wjps.8.3.311
https://doi.org/10.29252/wjps.8.3.311
https://doi.org/10.21037/gs.2018.10.09
https://doi.org/10.21037/gs.2018.10.09
https://doi.org/10.1097/PRS.0000000000001277
https://doi.org/10.1097/PRS.0000000000001277
https://doi.org/10.1097/PRS.0000000000001277
https://doi.org/10.1097/PRS.0000000000001277
https://doi.org/10.1097/GOX.0000000000001488
https://doi.org/10.1097/GOX.0000000000001488
https://doi.org/10.1097/PRS.0000000000004453
https://doi.org/10.1097/PRS.0000000000004453
https://doi.org/10.1097/PRS.0000000000004453
https://doi.org/10.1097/PRS.0000000000003945
https://doi.org/10.1097/PRS.0000000000003945
https://doi.org/10.1097/PRS.0000000000003945
https://doi.org/10.21037/gs.2018.05.01
https://doi.org/10.21037/gs.2018.05.01
https://doi.org/10.21037/gs.2018.05.01
https://doi.org/10.1093/asj/sjx048
https://doi.org/10.1093/asj/sjx048
https://doi.org/10.1093/asj/sjx048
https://doi.org/10.1093/asj/sjx048
https://doi.org/10.1007/s00266-015-0475-y
https://doi.org/10.1007/s00266-015-0475-y
https://doi.org/10.1007/s00266-015-0475-y
https://doi.org/10.1097/00006534-199409000-00012
https://doi.org/10.1097/00006534-199409000-00012
https://doi.org/10.1097/00006534-199409000-00012
https://doi.org/10.1016/j.anplas.2018.06.012
https://doi.org/10.1016/j.anplas.2018.06.012
https://doi.org/10.1016/j.anplas.2018.06.012
https://doi.org/10.1097/00000637-199103000-00007
https://doi.org/10.1097/00000637-199103000-00007
https://doi.org/10.1097/00000637-199103000-00007
https://doi.org/10.1016/j.ejso.2006.12.002
https://doi.org/10.1016/j.ejso.2006.12.002
https://doi.org/10.1016/j.ejso.2006.12.002
https://doi.org/10.1097/PRS.0000000000003576
https://doi.org/10.1097/PRS.0000000000003576

Sayyed et al. ® Palpable Breast Masses following Fat Grafting

40.
41.

42.

43.
44.

45.

46.

47.

institutional review of breast cancer recurrence rates and surgi-
cal outcomes. Plast Reconstr Surg. 2017;140:382e-392¢.

Butz DR, Lapin B, Yao K, etal. Advanced age is a predictor of 30-day
complications after autologous but not implant-based postmastec-
tomy breast reconstruction. Plast Reconstr Surg. 2015;135:253e—261e.
llouz YG, Sterodimas A. Autologous fat transplantation to the
breast: a personal technique with 25 years of experience. Aesthetic
Plast Surg. 2009;33:706-715.

Petit JY, Lohsiriwat V, Clough KB, et al. The oncologic outcome
and immediate surgical complications of lipofilling in breast can-
cer patients: a multicenter study—Milan—Paris-Lyon experience
of 646 lipofilling procedures. Plast Reconstr Surg. 2011;128:341-346.
Doren EL, Parikh RP, Laronga C, et al. Sequelae of fat grafting
postmastectomy: an algorithm for management of fat necrosis.
Eplasty. 2012;12:e53.

Rietjens M, De Lorenzi F, Rossetto F, et al. Safety of fat grafting
in secondary breast reconstruction after cancer. J Plast Reconstr
Aesthet Surg. 2011;64:477-483.

Veronesi U, Cascinelli N, Mariani L, et al. Twenty-year follow-
up of a randomized study comparing breast-conserving surgery
with radical mastectomy for early breast cancer. N Engl | Med.
2002;347:1227-1232.

Fisher B, Anderson S, Bryant J, et al. Twenty-year follow-up of a
randomized trial comparing total mastectomy, lumpectomy, and
lumpectomy plus irradiation for the treatment of invasive breast
cancer. N Engl | Med. 2002;347:1233-1241.

Largo RD, Tchang LA, Mele V, et al. Efficacy, safety and com-
plications of autologous fat grafting to healthy breast tissue: a
systematic review. J Plast Reconstr Aesthet Surg. 2014;67:437-448.

48.

49.

50.

51.

52.

53.

54.

55.

De Decker M, De Schrijver L, Thiessen F, et al, Breast can-
cer and fat grafting: Efficacy, safety and complications
- A systematic review. Eur | Obstet Gynecol Reprod Biol. 2016
;207:100-108.

Agha RA, Fowler AJ, Herlin C, et al. Use of autologous fat graft-
ing for breast reconstruction: a systematic review with meta-
analysis of oncological outcomes. | Plast Reconstr Aesthet Surg.
2015;68:143-161.

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.

Groen JW, Negenborn VL, Twisk DJWR, et al. Autologous fat
grafting in onco-plastic breast reconstruction: A systematic
review on oncological and radiological safety, complications, vol-
ume retention and patient/surgeon satisfaction. | Plast Reconstr
Aesthet Surg. 2016;69:742-764.

Dolen U, Cohen JB, Overschmidt B, et al. Fat grafting with tissue
liquefaction technology as an adjunct to breast reconstruction.
Aesthetic Plast Surg. 2016;40:854-862.

Knackstedt RW, Gatherwright J, Ataya D, et al. Fat grafting
and the palpable breast mass in implant-based breast recon-
struction: incidence and implications. Plast Reconstr Surg.
2019;144:265-275.

Shammas RL, Broadwater G, Cason RW, et al. Assessing the util-
ity of post-mastectomy imaging after breast reconstruction. | Am
Coll Surg. 2020;230:605-614.e1.

Pinell-White XA, Etra J, Newell M, et al. Radiographic impli-
cations of fat grafting to the reconstructed breast. Breast J.
2015;21:520-525.


https://doi.org/10.1097/PRS.0000000000003576
https://doi.org/10.1097/PRS.0000000000003576
https://doi.org/10.1097/PRS.0000000000000988
https://doi.org/10.1097/PRS.0000000000000988
https://doi.org/10.1097/PRS.0000000000000988
https://doi.org/10.1007/s00266-009-9377-1
https://doi.org/10.1007/s00266-009-9377-1
https://doi.org/10.1007/s00266-009-9377-1
https://doi.org/10.1097/PRS.0b013e31821e713c
https://doi.org/10.1097/PRS.0b013e31821e713c
https://doi.org/10.1097/PRS.0b013e31821e713c
https://doi.org/10.1097/PRS.0b013e31821e713c
https://doi.org/10.1016/j.bjps.2010.06.024
https://doi.org/10.1016/j.bjps.2010.06.024
https://doi.org/10.1016/j.bjps.2010.06.024
https://doi.org/10.1056/NEJMoa020989
https://doi.org/10.1056/NEJMoa020989
https://doi.org/10.1056/NEJMoa020989
https://doi.org/10.1056/NEJMoa020989
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1016/j.bjps.2013.11.011
https://doi.org/10.1016/j.bjps.2013.11.011
https://doi.org/10.1016/j.bjps.2013.11.011
https://doi.org/10.1016/j.ejogrb.2016.10.032
https://doi.org/10.1016/j.ejogrb.2016.10.032
https://doi.org/10.1016/j.ejogrb.2016.10.032
https://doi.org/10.1016/j.ejogrb.2016.10.032
https://doi.org/10.1016/j.bjps.2014.10.038
https://doi.org/10.1016/j.bjps.2014.10.038
https://doi.org/10.1016/j.bjps.2014.10.038
https://doi.org/10.1016/j.bjps.2014.10.038
https://doi.org/10.1097/GOX.0000000000000842
https://doi.org/10.1097/GOX.0000000000000842
https://doi.org/10.1097/GOX.0000000000000842
https://doi.org/10.1016/j.bjps.2016.03.019
https://doi.org/10.1016/j.bjps.2016.03.019
https://doi.org/10.1016/j.bjps.2016.03.019
https://doi.org/10.1016/j.bjps.2016.03.019
https://doi.org/10.1016/j.bjps.2016.03.019
https://doi.org/10.1007/s00266-016-0690-1
https://doi.org/10.1007/s00266-016-0690-1
https://doi.org/10.1007/s00266-016-0690-1
https://doi.org/10.1097/PRS.0000000000005790
https://doi.org/10.1097/PRS.0000000000005790
https://doi.org/10.1097/PRS.0000000000005790
https://doi.org/10.1097/PRS.0000000000005790
https://doi.org/10.1016/j.jamcollsurg.2020.01.006
https://doi.org/10.1016/j.jamcollsurg.2020.01.006
https://doi.org/10.1016/j.jamcollsurg.2020.01.006
https://doi.org/10.1111/tbj.12450
https://doi.org/10.1111/tbj.12450
https://doi.org/10.1111/tbj.12450

