Ow C'o‘,)

ShEN%
IS
Research
Aesthetic Surgery Journal
From Bedside to Bench: The Effect of 2015 The Arnerican Socisty for
h |
o . Aesthetic Plastic Surgery, Inc.
Muscular Denervation on Fat Grafting to the Reprint and permision

journals.permissions@oup.com

Breast by Comparing Take Rate, Quality, and D s S/ SOTS valcom

Longevity

OXFORD

UNIVERSITY PRESS

Patricia E. Engels, MD; Elisabeth A. Kappos, MD;
Patricia K. Sieber, MD; Robyn M. Benz, MD; Sarah Thommen, MSc;
Dirk J. Schaefer, MD; and Daniel F. Kalbermatten, MD, PhD

Abstract

Background: Autologous fat grafting (AFG) to the breast is a frequent procedure in aesthetic and reconstructive surgery. Despite pure volume gain,
questions remain regarding the engraftment rate, quality, and longevity. Little is known about the role of recipient tissue or innervation of the grafted area.
Objectives: The goal of this study was to determine the optimal recipient layer and muscular pretreatment of AFG.

Methods: Fat was grafted to the breast, pectoralis muscle, or adjacent subcutaneous tissue of 42 rats. Nerve treatment included excision of a nerve
segment, botulinum toxin (BTX) injection, or no treatment. Magnetic resonance imaging (MRI) and histological workup were carried out after 2 and 6 weeks.
Results: Six weeks after AFG, the proportion of viable fat cells within the grafted fat stayed high (median, [IQR]: 81% [72% to 85%]). The signs of
inflammation decreased over time. Intramuscular grafting with intact nerves had a decreasing effect on the viability of the grafted cells compared with

subcutaneous treatment (-10.21%; 95% confidence interval [-21.1 to 0.68)).

Conclusions: If utilized on an intact nerve, intramuscular injection may lead to inferior results. If the nerve was cut or treated with BTX; however,
intramuscular injection tends to be superior. These findings may prove interesting for future studies and eventual clinical application.

Editorial Decision date: March 13, 2018; online publish-ahead-of-print March 27, 2018.

Autologous fat grafting (AFG) has been practiced routinely
for decades since its introduction by Coleman.! In plastic
surgery of the breast, lipofilling currently represents one of
the most common procedures.?

Despite the common use of AFG, there has been a
surprising lack of scientific groundwork to support clin-
ical findings or guide and optimize application. Results
of some experimental studies suggest that AFG could
potentially induce cancer, although others have shown
the opposite.>* Recently published large clinical trials pro-
vide further evidence for the oncological safety of AFG.®
When utilizing AFG in their clinical routine, surgeons tend
to concentrate on pure volume gain and might not focus
enough on the individual recipient tissue. Consequently,
there is no consensus regarding the advantages and dis-
advantages of utilizing the subcutaneous or intramuscular

layer for AFG. Comparisons have given inconsistent results
because, although the blood supply in subcutaneous tissue
is inferior to that in muscle, the subcutaneous site has in
the past proven to be superior regarding fat cell viability.®

The purpose of scientific research on this topic should
be to exactly determine the quality and quantity of cells
and their viability after performing AFG. Clinically, this
could help to better inform patients about future surgeries.
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The goal of this study was to compare different AFG
strategies to establish the technique with the highest adi-
pocyte survival rate and the most durable results. To mimic
a clinical “fat grafting to the breast setting,” the pectora-
lis muscle and the adjacent subcutaneous tissue of female
rats were compared as recipient sites for AFG. Until now,
animal experiments in this field of research have mostly
been carried out in clinically less relevant environments
(eg, the ear).” Moreover, the utilization in earlier studies
of different anatomical sites for grafting to different layers
may have rendered the results less comparable.?-10

Another aim of this study was to investigate whether
patients would benefit from a simultaneous denervation of
the grafted area. We therefore either denervated muscles
by partial pectoral nerve excision, or through botulinum
toxin (BTX) injection.

One already established clinical application of AFG
to denervated muscles is the lipofilling to the latissimus
dorsi or gracilis flap.'"!'? Unfortunately, in breast recon-
struction, the deficient volume and the long-term volume
loss caused by muscle atrophy result in a great need for
revisional surgery.'®> We also sought to scientifically prove
the influence of AFG in maintaining muscle flap volume
following denervation.

Following AFG, patients are usually advised to refrain
from physical activity for a variable period. Denervation
of the specific area for a defined time frame of approx-
imately 3 months would avoid muscle contractions and
reduce/eliminate pressure on the freshly grafted tissue.
Our hypothesis was that AFG survival, quality, and lon-
gevity are optimized in denervated muscle.

METHODS

Approval of Ethical Commission

This experimental animal study was approved by the insti-
tutional ethics and animal care committee of the University
of Basel, Switzerland (No. 23354).

Study Design and Animals

Forty-two (42) female Sprague-Dawley rats (8 weeks old,
200-250 g; Harlan, The Netherlands) received AFG to the
intramuscular layer on their left and the subcutaneous
layer on their right pectoral region. Nerve treatment was
comprised of either injection of BTX, cutting out a 3 mm
nerve segment, or none of the above. Nerve treatment was
the same on both sides. The resulting six treatment groups
were evaluated 2 or 6 weeks postoperatively (21 animals
at each time point). Hence, 84 AFGs were performed in
total. Immediately after euthanasia, magnetic resonance
imaging (MRI) was carried out, followed by explantation
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Figure 1. The cranial pectoral nerves are clearly trackable
between the external and internal jugular vein and the
axillary vein. The pectoral muscle is folded back so that its
innervation can be seen.

and paraffin fixation of the breast tissue for histological
workup. Outcome assessors for MRI and histological data
were blinded for the injection layer and nerve treatment.

Surgical Procedure

Anesthesia and analgesia were applied according to the
hospital’s veterinary protocol. All surgical procedures were
performed under an operating microscope (Carl Zeiss,
Germany).

Fat from the inguinal fat pad was explanted. It was minced
with two razor blades and shuffled between two 1 mL
syringes connected by a three-way cock. The skin above the
chest was opened in a median manner, starting from the
height of the most cranial nipples at a length of 2 to 2.5 cm.
The cranial pectoral nerves were identified (Figure 1).

In the denervated group, a 3 mm nerve segment was
excised.

In the BTX group, rats received intramuscular injec-
tions of 1.5 U of Botulinum toxin type A (Botox®, Allergan,
Dublin, Ireland) into the pectoral muscles. AFG was per-
formed on the breast of the rats. Because breasts are on
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several levels, the ones over the pectoral muscle on both
sides were chosen, to come as close as possible to clini-
cal application. Then 0.3 mL of the fat was injected into
each recipient area through a two-hole, 1.5 mm diameter
Coleman’s cannula (Chalybs Medical Devices GmbH, Stein
am Rhein, Switzerland). Finally, the skin was sutured.

MRI Measurements and Image
Evaluation

Postmortem, the animals were placed in a 16-chan-
nel phased-array wrist coil in a 3T static magnetic field
strength MRI (MAGNETOM Prisma, Siemens Healthineers,
Erlangen, Germany). A wrist coil was utilized (clinically
applied for MRI of the hand or fingers) to guarantee high
resolution and depiction of even the smallest volume
changes. The same method has been previously utilized
in a study, and the researchers in that study showed that
even nerve regeneration can be monitored successfully by
MRI.'* The images were evaluated by two radiologists (RB
and AF). For assessment of the remaining fat graft vol-
ume, an open-source imaging software (OsiriX, Pixmeo,
Geneva, Switzerland) was utilized. On T1-weighted axial
images, the collection was outlined on every consecutive
slice with a polygonal region of interest (ROI). The edema
was outlined in the same manner on T2-weighted, fat-sat-
urated images. The remaining fat implant volumes were
categorized in five arbitrary but predefined groups.

Histological Analysis

Four pm thin paraffin-embedded tissue slices were stained
with hematoxylin and eosin (HE). Pictures of longitudinal
sections were done utilizing a light microscope (Olympus
BX43, Olympus Corporation, Tokyo, Japan) (Figure 2).
Analysis was performed with ImageJ 1.46d software
(National Institutes of Health, Bethesda, MD, USA).
Working with 10x magnification, the area of the fat graft
(in pm?) was measured first, followed by the proportion of
viable adipose tissue, 0il cysts, and fibrosis. Viable adipose
tissue was defined as the area containing adipocytes with
a diameter of 50-150 pm. Oil cysts were defined as vac-
uoles containing remnants of necrotic fat cells > 150 pm
diameter, because of the disruption of initially viable adi-
pocytes. A distinction was made between the surrounding
fibrosis and the fibrosis within the graft.

The proportion of viable fat, oil cysts, and fibrosis was
measured in relation to the whole area of the fat graft
and divided into a scoring system of 1 to 4 (Table 1).
The presence of parameters of inflammation (presence of
monocytes, lymphocytes, and macrophages) as well as cal-
cification and surrounding fibrosis was analyzed (without
further subclassification; ie, yes/no). Experiments started

in January 2013. Histological analysis was completed in
December 2015, MRI analysis was completed in June 2016,
and statistical analysis was finalized in January 2017.

Statistical Analysis

Linear mixed-effects models were utilized to compare the
different treatment groups in terms of quality (percentage of
viable fat cells within the graft). The package name of the
statistical software package R was utilized for model esti-
mation.!>!® The model included a random factor for each
individual rat to account for the paired data (ie, the two
different treatments per rat). The layer of injection, nerve
treatment, and time point of measurement were included as
fixed factors in the regression model. Interaction terms were
included to estimate the effect of the different recipient lay-
ers at different time points and for different nerve treatments
separately. Continuous and quasi-continuous outcome var-
iables were graphically visualized and compared utilizing
boxplots. For all binary outcome variables, the proportion
of individuals with signs of damage in each treatment group
was calculated and displayed in a summarizing area chart.

RESULTS

Magnetic Resonance Imaging

The volumes of the AFG decreased between two and six
weeks after injection (median, [IQR] 35% [20% to 72%]
and median, [IQR] 1% [0% to 9%], respectively). Two
weeks after injection, the proportion of the grafted fat that
had remained was 20% or higher for most of the implants,
whereas after 6 weeks, nearly all remaining proportions
were lower than 20%.

Two weeks after treatment, the median remaining fat
implant (in %) was lower in rats with intramuscular graft-
ing compared with the subcutaneous group (median, [IQR]
32% [20% to 59%] vs 51% [22% to 79%]). However, this
trend did not reach the 5% significance level (Figures 3-4).

Histology

Percentage of Viable Fat

The proportion of viable fat cells within the grafted fat
remained high. There was an increase in the percentage
of viable fat cells from week 2 to week 6 (median, [IQR]
73% [68% to 80%] vs 81% [72% to 85%]). Note that
Figures 5 and 6 do not show absolute values but rather
the proportion of viable fat in relation to the total fat
graft. After 2 weeks, slightly better results were observed
in the intramuscular groups, whereas after 6 weeks, the
percentage of viable fat was slightly higher in the subcu-
taneous groups. Especially in the intact nerve group, the
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Figure 2. Light microscopy images of 4pm thin longitudinal sections of paraffin-embedded tissue stained with hematoxylin

and eosin. (A) Two weeks after autologous fat grafting to the intramuscular layer, (B) 2 weeks after autologous fat grafting to
the subcutaneous layer, (C) 6 weeks after autologous fat grafting to the intramuscular layer, (D) 6 weeks after autologous fat
grafting to the subcutaneous layer. Scale bar: 500pm.

Table 1. Scoring System With Subcategories (1-4) for Qualities (viable
fat, oil cysts, fibrosis) of Remnant Fat Implants (percentage of surface)

Code Viable fat (%) il cysts (%) Fibrosis (%)
1 >90 <5 <5

2 80-90 5-10 5-10

3 70-80 10-20 10-20

4 <70 >20 >20

percentage of viable fat cells in the subcutaneous layer
was higher than in the intramuscular layer (percentage of
viable fat cells 6 weeks after AFG subcutaneous median,
[IQR] 89% [79% to 91 %] vs intramuscular, 73% [68% to
78%]) (Figures 5-6).

At the 5% significance level, no statistically significant
effect was detectable for the different treatments. However,

at the 10% significance level, a statistically significant
effect was observed after 6 weeks: In animals with intact
nerves, intramuscular injection had a negative effect on
the viability of the grafted fat cells compared with subcuta-
neous treatment (-10.21%; 95% confidence interval [-21.1
to 0.68], P value = .07) (Table 2).

Fibrosis and Oil Cysts

Overall, there was less fibrosis in the histological slides of
the 6 weeks groups in comparison to the 2 weeks groups
(median, [IQR] 92% [87% to 96%] vs 84% [79% to
88%]). In contrast, there was no relevant difference in the
area free of oil cysts between the two time points (median,
[IQR] 93% [87% to 97%] 2 weeks after AFG vs a 91%
[86% to 95%] difference 6 weeks after AFG). Most oil
cysts were detected in the intact-nerve group after 6 weeks
(data not shown).
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Figure 3. The proportion of the fat implant remnant for all
injected fat grafts in the two treatment groups at 2 weeks
and at 6 weeks after the intervention. Boxes represent first
and third quartiles with the median central. The whiskers
represent the 5th and 95th percentiles, and the observed
data are represented by the white dots. The treatment is
color-coded. The dotted grey line illustrates the 20% mark to
facilitate comparison of the two time points (weeks 2 and 6).

Inflammation in MRI and Histology

Different parameters of the MRI and histology images were
combined in terms of signs of inflammation: edema on the
MRI as well as presence of signs of acute (monocytes, lym-
phocytes, macrophages) and indirect (fibrosis at the bor-
der, calcification) inflammation on the histological images.
No significant difference was detectable between the nerve
treatments and the recipient tissue. In both MRI and histol-
ogy images, signs of inflammation decreased between the
two time points.

DISCUSSION
Bedside

Lipofilling has become increasingly popular in cosmetic
and reconstructive surgery'>!” and can be utilized in
breast augmentation, total breast reconstruction following
mastectomy, or correction of deformities after breast-
conserving surgery.!>18-2l Even more often, AFG is
combined with other reconstructive procedures.!?-2>-24
AFG can serve as a salvage procedure following a failed
implant reconstruction.'®% Lipofilling also plays a role in

purely aesthetic surgery, in breast augmentation or as part
of the surgical treatment of tuberous breast deformity, and
breast asymmetry in general.?®2”

The procedure is safely repeatable and minimally inva-
sive, including low donor-site morbidity, which results in
less hospitalization and operating time. Despite very low
postoperative complication rates,?>?® disadvantages for
patients undergoing AFG remain, including the unpredict-
able resorption rate and the risk of fat necrosis, oil cyst
development, and calcifications.?8-33

This study indicates that, given an intact nerve, intra-
muscular injection results in unfavorable results compared
with subcutaneous injection. If the nerve was cut or BTX
treated; however, intramuscular injection appeared to be
superior to subcutaneous injection. The previously men-
tioned findings have potentially interesting clinical impli-
cations. If this study’s findings can be repeated in future
experiments, one possible clinical scenario for further
study would be to temporarily weaken the injected mus-
cle (eg, the pectoralis muscle in the breast) to optimize
fat take rates and thereby reduce the need for repeat AFG
surgery.

Bench

In contrast to its manifold clinical applications, AFG has
many parameters such as processing technique, recipient
tissue/plane, and the role of pressure that to date been
poorly investigated. Thus, the long-term viability of AFG
remains highly variable and cannot be reliably predicted,
which in turn affects clinical outcomes and may lead to a
greater need for additional procedures.?*

In the previously mentioned experiments, the observed
ratio of viable fat cells within the grafts remained stable 6
weeks after AFG at approximately 81%. Signs of inflam-
mation diminished between weeks 2 and 6. Future studies
could focus on how to counteract inflammation after AFG,
which might result in better take rates.

Processing

Processing of the fat is required to provide the highest con-
centration of intact adipocytes for AFG.? Volume retention
and viability of the resulting graft are important aspects.3
Unfortunately, research to date has not resulted in compel-
ling evidence that one technique is superior to the others.
The lack of high-quality data continues to limit the clini-
cian’s ability to determine the optimal method for purify-
ing harvested adipose tissue.3

Dissociation of the inguinal fat pad in smaller rodents is a
well-established proxy technique for liposuction; however,
it may increase interstitial cell susceptibility to cell death.3¢
The influence of quick mechanical processing through two
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Figure 4. T1-weighted magnetic resonance imaging of two animals at (A) 2 and (B) 6 weeks post-implantation. The
intramuscular fat graft (arrows) as well as the subcutaneous fat graft (arrowheads) are clearly visible in the T1-weighted image
at 2 weeks (A). At 6 weeks, (B) both the intramuscular (arrows) and the subcutaneous fat grafts (arrowheads) decreased

in size. The subcutaneous graft (arrowhead) is merely distinguishable from the surrounding subcutaneous fat. Images of

the same animals utilizing Turbo Inversion Recovery Magnitude (TIRM). (C) Image displays edematous changes around the
implanted tissue, indicating an inflammatory reaction clearly visible at 2 weeks for both the intramuscular (arrows) as well as
the subcutaneous graft (arrowheads). (D) At 6 weeks, the inflammatory changes around the muscles have almost completely
vanished. The increased signal around the subcutaneous graft likely represents an artifact at the tissue-air border. However,
corresponding to the T1-weighted image, the volume of the intramuscular and subcutaneous grafts also decreased in size.

interconnected small-diameter syringes (“shuffling”) on as needed in our trial to allow it to be precisely grafted
fat tissue was analyzed by Osinga et al,3” who found that to the tiny layers of the rats’ tissue. Our results showed a
this process did not change the microscopic fat structure. very satisfactory percentage of viable fat cells within the
Thus, shuffling can produce the right texture of fat to be graft (approximately 81%). In contrast, volume retention
administered through a small diameter Coleman cannulae, was quite low.
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Figure 5. Percentage of viable fat cells within one
representative histological section at 2 weeks and at 6 weeks
after the intervention stratified for injection layer. Boxes
represent first and third quartiles with the median central.
The whiskers represent fifth and 95th percentiles, and
outliers are represented by white dots. The injection layer is
color-coded.

Recipient Tissue Plane and Innervation

In most cases of AFG to the breast, the surgeon can choose
whether to graft to the subcutaneous®” or intramuscu-
lar plane.?%3° Most commonly, a combination of both
is carried out.?®?° Intraglandular grafting has also been
described.*® However, there are cases in which the ana-
tomical situation determines the injection plane (eg, in
patients who do not have any subcutaneous fat following
radiation).*! An indication for AFG being applied to the
subcutaneous layer exclusively can be Poland’s syndrome
with (in severe cases) a total absence of the pectoral mus-
cles.12442 When grafting to the muscle, one might graft to
an innervated muscle such as the pectoralis major and ser-
ratus.*® An example of AFG to a denervated muscle is the
pedicled transfer of the latissimus dorsi muscle for breast
reconstruction.'-12:38.44 We further examined BTX injection
as a form of nonsurgical denervation, because BTX would
be an easily applicable way to clinically test the effective-
ness of denervation in AFG patients.

Coleman argued that some recipient areas of extreme
motion may have a percentage of the infiltrate forced
out by motion postoperatively.*> Comparing AFG with

the subcutaneous and intramuscular planes, as well as
to the fat pad of mice, Shi et al’® found that the worst
retention rates were detected in the intramuscular plane.
Unfortunately, different recipient areas were chosen for
the three types of recipient tissue—the dorsal dermis, the
biceps femoris, and the inguinal fat pad—rendering these
results less significant.

In our trial, one statistically significant effect was
observed at the 10% significance level: In animals with
intact nerves, after 6 weeks, intramuscular grafting
resulted in decreased viability compared with subcutane-
ous AFG (-10.21%; 95% confidence interval [-21.1 to 0.68],
P-value = .07). This confirms our hypothesis that muscle
contractions diminish the viability of recently transplanted
fat.

Engraftment Rate

There is great variability in estimating engraftment rates,
and resorption rates ranging from 25% to 90% have been
reported.*-4® Engraftment rates in humans are mostly
recorded to be approximately 60%.1-2340 Exceptionally,
reduced or missing engraftment caused by heavy scarring
or radio damage has been noted.!° Results comparable to
ours were observed in the following animal studies: Mikus
et al*® examined the outcome of AFG in the canine vocal
fold, where results showed an average volumetric “take” of
only approximately 20%. A similar study by Kruschewsky
et al*® revealed a rate of AFG absorption ranging from
68% to 82%. Interestingly, those studies measured the fat
volume immediately after injection, and found a marked
difference between the volume intended for injection and
that detected by MRI: Fat injection resulted in a consider-
able loss of fat volume (approximately 50%}).5°

Very little is known about the engraftment rates in
rodents, but Seaman et al*® found that duration ex vivo
(while processing) affects interstitial cell viability more in
murine than human adipose tissue. This may explain in
part the difference in results between clinical and animal
studies.

Measurement Methods

A further reason for leading to such diverse results among
different studies may be that most of them lack quanti-
fiable measurement methods. Common monitoring tech-
niques in humans include 2-dimensional (2D) clinical
photography and often unvalidated questionnaires.!%-20-22
Unfortunately, these techniques do not allow for precise
information to be extracted about volume gain, or the
quality MRI volumetric measurements of these techniques
that are said to be the most accurate and objective method
available when it comes to AFG of the breast.® According to
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Figure 6. Percentage of viable fat cells within one representative histological section stratified for injection layer and nerve
treatment (A) 2 weeks after the injection and (B) 6 weeks after the injection. Boxes represent first and third quartiles with the
median central. The whiskers represent fifth and 95th percentiles, and the observed data are represented by the white dots.

The injection layer is color-coded.

Herold et al,>* MRI volumetry is indeed a useful tool for
the fast, exact, and reproducible analysis of breast tissue
volume. As demonstrated by the results of our study, MRI
proved to be an excellent method for quantification and
quality measurement.

To calculate the retention ratio in an animal study, the
wet weight of the extracted grafts of mice was measured
by Shi et al.l® In a rat model, Condé-Green et al>® eval-
uated graft survival through serial measurements of vol-
ume retention. A disadvantage of these strategies is that
accuracy might be limited when measuring subcutaneous
volume from the body surface. Besides our work, the 2007
study of Kruschewsky et al*® is a rare example of objective
fat volume measurement by MRI in an animal experiment.

Our histological evaluation demonstrates that 6 weeks
postoperatively, the remaining proportion of the absolute
fat volume was less than 20%. Interestingly, at both time
points (2 and 6 weeks), the proportion of viable fat cells
was of good quality, at approximately 81%. Most oil cysts
were detected after 6 weeks in the nerve intact group,
which seems to further demonstrate the disadvantages of
muscle contraction when focusing on graft survival.

Combining the MRI and histology data of this study
showed a reduction of inflammatory signs over time. This
is in line with the findings of Mikus et al,** who observed
that 12 weeks following AFG, there was relatively little

inflammation present in the tissue surrounding the injected
fat, suggesting a stable fat graft volume.

Limitations

A limitation of our study is that subcutaneously injected
fat can be difficult to distinguish from the surrounding
native fat tissue. This appears to be a well-known prob-
lem, because Yu et al*’ reviewed a lack of strong enough
research evidence to measure fat survival rate in the sub-
cutaneous tissue due to the less quantifiable measurement.
Moreover, the subcutaneous layer in rats is quite different
from that in humans, limiting its comparative value for the
clinical setting.

A further limitation is that the harvest of the inguinal
fat pad followed by mincing of the fat, prior to injection,
does not expose adipocytes to the same type of sheer stress
as suction lipectomy, nor does it involve lidocaine or epi-
nephrine, both of which can impact adipocyte physiology
in clinical practice.

Ideally, we aim to include a cellular viability assay in
a future study to allow for a more reliable analysis of the
viability of adipocytes. To exclude only partial denervation
by nerve excision or BTX injection, future studies should
include loss of motor endplates with, eg, alpha-bungaro-
toxin (a-BTX) staining.



908

Aesthetic Surgery Journal 38(8)

Table 2. Model Estimates™

Parameter Estimate 95% Cl P-value
(Constant) 76.54 [68 t0 85.07] <0.001
Time
6 weeks vs 2 weeks | 8.27 | [-3.8 t0 20.35] 0.17
Nerve treatment
After 2 weeks
Botulinum toxin vs. nerve intact -6.63 [-18.71 t0 5.44] 0.27
Nerve cut vs. nerve intact -7.43 [-19.51 to 4.64] 0.22
After 6 weeks
Botulinum toxin versus nerve intact -8.72 [-20.79 to 3.35] 0.15
Nerve cut vs. nerve intact -5.93 [-18 t0 6.15] 0.33
Layer intramuscular vs subcutaneous
After 2 weeks
When nerve is intact 5.13 [-5.77 t0 16.02] 0.35
When nerve is Botulinum toxin treated 1.95 [-8.94 t0 12.84] 0.72
When nerve is cut 5.81 [-5.08 to 16.7] 0.29
After 6 weeks
When nerve is intact -10.21 [-21.1 10 0.68] 0.07
When nerve is Botulinum toxin treated -2.35 [-13.24 0 8.54] 0.66
When nerve is cut 3.19 [-7.7 t0 14.09] 0.56

* The estimated effects on the percentage of viable fat cells in the graft of the injection layer
after 2 and 6 weeks in the different nerve treatment settings, as well as the effect of time and
the effect of nerve treatments themselves for the different time points of measurement. The
reference categories used are subcutaneous, nerve intact, and 2 weeks after treatment.

Another limitation of our study is that because only one
anesthesia per animal was authorized by the animal ethics
committee, different rats had to be compared at the two
time points. For the same reason, BTX was injected at the
time of AFG, despite its onset of action being 2 to 5 days
after injection.

Our original study outline aimed to carry out the exper-
iments over 3 months. However, because no similar exper-
iment had been carried out in our national facilities, the
animal ethics committee expressed some concerns regard-
ing the timeframe, requesting us to start with the shorter
time frame of 2 and 6 weeks instead. To best simulate clini-
cal experience, fat survival should ideally be measured after
a period of 3 months. It is our clinical experience, however,
that most resorption takes place before postoperative week
6. We are optimistic that, following the successful finaliza-
tion of the current study, we will be authorized to conduct
observation over a 3-month period in future studies.

Unfortunately, this study did not detect statistically rele-
vant differences because of the limited number of animals

per group. Clinically relevant effects are, however, possi-
ble, because confidence intervals included clinically rele-
vant differences.

CONCLUSION

This study indicates a trend that utilizing intramuscular
injection on an intact nerve leads to unfavorable results
compared with subcutaneous injection. On the other
hand, if the nerve is cut or treated with BTX, intramuscu-
lar injection tends to be superior to subcutaneous injec-
tion. The observed ratio of viable fat cells within the grafts
stayed at approximately 81 % 6 weeks after AFG. Signs of
inflammation diminished between weeks 2 and 6. MRI
proved to be an excellent method for quantification and
quality measurement, because it allowed for depiction of
the entire breast tissue.

Finally, this study contributed to proving the scientific
value of performing AFG in rats, in response to our initial
question, namely, what remains in a patient after AFG.
Many questions remain, and issues such as processing
optimization, choice of recipient area, and engraftment
rates will have to be studied further to make the outcomes
of AFG to the breast more reproducible and predictable.
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