Autologous Fat Graft in Rabbits
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ABSTRACT

The aim of this study was to assess the fate of autologous fat tissue grafts harvested and processed by five
different methods: blunt suction, shay P suction, dissection, treatment, and lavage. Fat was ha, ested from
the subcutaneous tissue of the interscapular vegion in 25 rabbits and injected into the subcutancous avea of
the convex surface of the ear: Harvesting was by either open surgical excision or suction. Where open surgical
excision was used, the fragments were cut into smaller pieces with scissors. Suction in the blunt and sharp
suction groups was performed using cannulas with blunt or sharp edged suction holes, respectively. In both
suction groups and dissection group, the harvested tissue was injected without further processing. In the
treatment group, 2 ml of cell 199 culture medium and Eavle’s basic salt solution were added, and in the
lavage group the tissue was washed with Ringer’s lactate. Animals were killed at 7 (n=9), 180 (n= 8), and
360 (n=8) days. Serial cross sections weve taken from each recipient arvea and the specimens processed for
histology. The images from each section werve digitalized in a computer and, with the assistance of image
analysis software, the volume of vemaining fat cells was calculated for each vecipient area. The percentage
volumes of fat cells found in each group at 360 davs were: blunt suction 14,0%, sharp suction 35%, dissec-
tion 45%, treatment 27%, and lavage 16% (p=0.003).
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INTRODUCTION

Suction lipectomy has caused renewed interest in au-
tologous fat grafts''?. Although it is an apparently
simple method in which fat can be retrieved and used
tor gratting, wide variations exist in harvesting and
processing techniques, form of injection, rate of fat
resorption, and other factors. There 1s therefore con-
troversy about its value.

Chinical studies are of limited value for the assessment
of the ethicacy of fat grafting, as it is difficult to ana-
lyze preoperative and postoperative photographs ob-
jectively'”. Experimental studies, on the other hand,
cither try to evaluate too small volume of gratt (around
I ml)@ e1010.20 "or they score their tmdmgs subjec-
tively'* - which plc‘uludcs quantitative analysis of graft,
survival. The result is heterogencous findings, so we
were stimulated to pursue a more objective quantita-
tive analysis, combining different methods of harvest-
ing and processing.

MATERIAL & METHODS

Fat was harvested from the subcutancous tissue of the
inter scapular region of 25 male, New Zealand white
rabbits, 6 months old with a average weight of 4,6
kg. The method used for harvesting was suction on
one side and open surgical excision on the other, and
assignment was random. This fat was then processed

and injected as an autograft. Based on the method of

harvesting and processing five dif-
ferent types of grafting, were de- ‘
tined: blunt suction, sharp suction,
dissection, treatment, and lavage.

Harvesting was by suction or open
surgical excision. When open sur-
gical excision was used, the frag-
ments were cut into smaller pieces
(about 4 mm) with sharp scissors.
Suction in the blunt and sharp suc-
tion groups was through cannulas

with blunt or sharp edged suction
holes, respectively. In both in-

stances, the internal diameter of the
cannulas for suction as well as for
injection was 5 mm.

In both suction and dissection
groups, the tissue harvested was
o

placed into a syringe and immedi-

Fig. 1 Drawing of an car
s]]owmg standard trans-
verse cuts made in each
specimen at a distance of
1 em.

Fig. 1 - Esquema de
cilindro  com  secgoes
transversais a cada cen-
timetro para bistoplastin.

ately injected without further processing. In the treat-
ment group, 2 ml of cell 199 culture medium and
Earle’s basic salt solution were added, and in the lav-
age group the tissue was washed over a screen with
Ringer’s lactate before injection.

The recipient site was the subcutaneous area of the
convex surface of the rabbit’s ear. A total of 5 ml of
fat tissue was injected into each site, forming a cylin-
drical deposit along the route of injection. Each rab-
bit was grafted with all five of different methods, ran-
domly distributed on both ears. The injection, which
was done by manual compression of the syringe con-
taining the fat, offered no resistance. Antibiotics were
not used.

Animals were killed at 7 (n=9), 180 (n=8), and 360
(n=8) days. All five specimens were harvested from
cach animal. Each specimen was cut transversally by
every 1 em (Fig. 1), resulting a mean of six tragments
from cach specimen. These fragments were tixed in
10% buftered formalin and embedded in paraffin for
histological sections, which were stained with
haematoxylin and cosin.

Morphometric Analysis

Four animals in each of the three time periods were
randomly chosen for analysis. The presence of tat
cells, stroma, cystic formation, and inflammatory
reaction was scored in all histological sections. A

Fig. 2 Photograph of a specimen of the sharp suction group
on the 360th postoperative day.

Fig. 2 - Nota-se significativa sobvevida de volume de tecido
transplantado do cilindro corte (C), aos 360 dias.
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reticle in a light microscope at magnitication of 100
was used to quantify the amount in each process.
The areas that corresponded to a certain process
were counted as points and the sum ot those points
was the score for that process. The average number
of points counted for a whole cylindrical specimen
was 3,503. The counts in each specimen were then
transtformed into percentages of each process.

Four specimens of fat tissue were harvested and im-
mediately processed tor histological examination to
assess the amount of fat cells and stroma present in
the tissue before injection. Scoring was done in the
same way.

Volumetric Calculation

The images from the histological sections of every
specimen from all the animals were digitalized in a
computer. With the help of image analysis software,
the area occupied by fat cells and the total arca of
the graft were calculated. The volume of these ele-
ments was then calculated using the following for-
mula:

V=d¥a)k

where V = volume (mm?); d = distance between
sections (mm); X(a) = sum of the arecas (mm?);
and £ = constant of tissue retraction.

Determination of the Constant (k)

On 16 randomly chosen specimens, the areas of
the cross sections were demarcated on a filter pa-
per, betore processing for histological examination.
These images on the paper filter were also digitalized
in the computer and the areas obtained from freshly
sectioned tissue divided by the sum of the areas
obtained after processing determined the constant
of retraction (k).

To calculate the percentage volume of surviving fat

cells the tollowing formula was used:

Amount of fat cells
before injection

Volume of remaining
tat in the graft

Percentage
Volume of

Volume of fat ossue
betore injection

Surviving

Fat Cells

Amount of fat cells in
the graft

The data obtained trom the calculations of the vol-
ume of graft and fat cells and absolute amounts of

fat cells, stroma, cystic formaton, and inflamma-
tory reaction were compared by the Friedman two
way analysis of variance by ranks. A probability (a)

Type of Graft Adipocytes Stroma Cslie irflamalocy Total
Formation Reactuon
Blunt bt 1] 35 32 100
Sharp 32 6 37 26 100
Dissection 32 L} L) 18 100
Treatment n 7 36 17 100
Lavage 9 9 15 17 100
0015 016 074 0.12

Table I- Average percentage amounts of .\dip( }ytes, stroma,
cystic formation, and inflammatory reaction assessed by count-
ing on the seventh postoperative day, with corresponding p
values.

Tabela I - Percentuais medios de adipocitos, estroma, reqives cisticas
(R. C.) ¢ inflamacao aos 7 dias, obtidos no reticulado, nas 5
modalidades.

Type of Grafi Adipocytes Stroma i_l:;\‘;::“" I!R].I:I:::l‘:\ Total
Blunt 50 19 18 3 100
Sharp H 25 19 1 100
Dissection 59 k. 9 ] 100
Treatment (i X0 10 b 100
Lavage hll | n 4 8 100

{ Hliee l 078 | R4 i 43

Table IT - Average percentage amounts of adipocyres, stroma,
cvstic formation, and inflammatory reaction, assessed by count-
ing on the 180th postoperative day, with corresponding p val-
ues.

Tabela 11 - Percentuais inedios de adipocitos, estroma, vegioes cisticas
(R. C.) ¢ inflamagio aos 180 dias, obtidos no reticulado, nas 5
modalidades.

3 Cystic Inflamatory .
Type of Graft Adipocyles Stromma Total
Formation Reaction
Blunt ‘ 7 3 2 2 100
|
: | | - 1
Sharp | 84 | 3 10
i l
s | 1
Dissection 53 16 | 1 100
|
- | "
Ireatment 2 26 | 100
Lavage 67 2 6 I 1)
v viltie 014 02 007 0.56

Table I1I - Average percentage amounts of adipocytes, stroma,
cystic formarion, and inflimmatory reaction, assessed by count-
ing on the 360th [.\mrupcr.ni\‘c day, with « )l':‘l.‘hpul]ding p val-
ues.

Tabela 1T - Percentuats inedios de adipocttos, estyoma, veqioes cisticas
(R. C.) ¢ inflamacao nos 180 dias, obtidos no reticulado, nas 5
modalidades.

-
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Fig. 3a - Photomicrography of fat tissue in

- the dissection group on the seventh post-

operative day: ruptured .1dlpuu"ru are evi-
dent at the pcrlphcr\ of this section with
inflammatory cells permeating the arca
(Haematoxylin and cosin, original magnifi-
cation x25).

Fig. 3a - Tecido adiposo dissecado aos 7 dias.
Destacam-se adipocitos votos, separados por
traves trvggulaves de células inflamatorias, mais
evidentes a periferia do tecido transplantado

Fig. 3b - Photomicrography of fat tissue in
the dissection group on the seventh post-
operative day: detail of the same photomi-
crography showing some ruptured fat cells
surrounded by polymorphonuclear leuko-
cytes and others surrounded by macroph-
ages (Haematoxvlin and eosin, ungmal mag-
nification x160).

Fig. 3b - Tecido adiposo dissecado aos 7 dias.
Detalbe da fotografia anterior onde se observam
alguns adipocitos votos parcialmente preeichidos
por celulas inflomativias, ao lado de outros
circundados por macrifagos (HE 160x).

of less than 0.1 was accepted as significant.

RESULTS

Hyperaemia and edema were noticed in the ear of
every rabbit on the third day after gratting, but re-
solved spontancously by the second postoperative
week without any sign of infection.

A decrease in graft volume was noticed in all animals

in all five groups (Fig. 2).

Descriptive Microscopy
On the 7* day

The specimens in all ditferent groups were similar,
but there was greater inflammatory reaction in those
tissues harvested by liposuction. Scar tissue sur-
rounded the graft, and eventually penetrated into
the spaces between fragments of the graft. Inflam-
matory reaction consisted mainly of Lymphocytes
and plasma cells, mostly distributed in the periph-
ery (Figs. 3 & 4). The central portion of transplant
was densely populated by fat cells and their cellular

(HE 25x).

architecture scemed to be preserved.

On the 180" day

In all five groups the adipose tissue was casily iden-
tifiable and was surrounded by a discrete layer of
connective tissue. The gratt was still populated by
many fat cells with preserved architecture. The -
flammatory reaction persisted, but it consisted
mainly of macrophages and giant cells containing
large vacuoles filled with lipid. A stroma of con-
nective tissue permeated the graft, tending to be
more fibrous in the center. Additional cystic for-
mations containing lipid, and rare areas of calcifi-
ation were also observed within the tissue (Fig.
)

On the 360" day

22 W]

In most sections the grafted tissue was present, and
well preserved fat cells predominated. The same type
of inflammatory reaction observed at 180 days was
also observed now, but it was much evener (Figs. 6
& 7).

40
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result in a more accurate quantitication of graft sur-
vival. The wide variations found between sections of
the same specimen and even within the same section,
confirmed these assumptions.

The histopathological findings of this study were: tat
cell degeneration, cystic formation, presence of lipid
filled vacuous, formation of connective tissue capsules,
and lymphocvtic and plasmatic infiltration, are simi-
lar to those reported in previous studies of fat tissue
grafts'- 14 151719 I the center of the specimen in-
flammatory cells and fibrous connective tissue had
replaced far cells, as described by GURNEY''" and

Fig. 4 - Photomicrography of fat tissue in the sharp suction ROSSATTI ™,

group on the seventh postoperative day: ruprured adipocytes

and different sizes of cvsts can be seen (Haematoxylin and The method of blunt suction resulted in the greatest
cosin, original magnification x25). degree of inflammatory reaction at all time and the
Fig. 4 - Fotomicrografia do enxerto obtido por sucgao com canuln lowest rate of graft, survival, while sharp suction pro-

de borda com corte. Observa-se, nos 7 dias, lise de adipicitos ¢

: ;i 1 i 4 duced the second highest survival rate. These find-
formagao de cistos de varios tamanhos (HE 25x). %

ings are possibly related to the injury caused to the
tissue by the harvesting method, which used cannulas

Morphometric Analysis with blunt edged suction holes.

The samples of fat tissue that were used as controls
showed an average percentage volume of 83% of
fat cells and 17% of stroma. The calculated con-
stant of tissue retraction (k) was 2.29,

The assumption that adding culture medium would
enhance fat cell survival was not confirmed by our
findings; the final volume of these cells was smaller in
the treated group than in the non-treated one har-
vested in the same way (Table V). Likewise washing
with Ringer’s lactate in the lavage group reduced graft
survival, possibly as a result of the osmotic gradient
on membrane integrity because the so called “physi-
ological” solutions were originally formulated to be

Tables I, II, and IIT show the average percentage
amount of each element: fat cells, stroma, cystic
tormation, and inflammatory reaction assessed by
counting at 7, 180, and 360 days, respectively. The
inflammatory reaction decreased progressively, and
was low by 360 days postoperatively.

The average percentage volume of surviv-
(= =

5 S 3y 5 - i Period Blunt Sharp Dissection Treatment Lavage P value
ing grafted tissue in the five ditterent groups |75 — = = . = e
is shown at the three time intervals in Table  |[f5 g = e M 5 5 S0 00
V. The maintenance of volume was similar | [360 days 1 3 i3 a1 20 013

between treatment groups, except at 180
days (p=0.0005). Table V shows the aver-
age percentage vo lume ”f"un'i\'i“g far cells Tabela TV - Media percentual de volume remanescente de tecido transplantado
onlv. In the sharp suction and dissection | ao0s 7, 180 ¢ 360 dias.

groups the volume observed at seven days
was maintained throughout the whole pe-

riod of the study. Those same groups had |
Penod B Sharp

Table IV - Average percentage volume of surviving grafted tissue in the five
different groups at 7, 180, and 360 days, with corresponding p values.

rhc best .";Uf\'i\';li rates. lunt Dissection Treatment Lavage P value
7 days 20 34 a6 40 19 *().004
DISCUSSION 180 days 14 4 46 2% I8 *0.02
360 days 14 35 45 () 16 *<0.001

Histological evaluation of the whole Spcci- Table V - Average percentage volume of surviving fat cells in the five differ-

men. as opposcd to a sampte bi()ps_\’ nnl_\'. ent groups at 7, 180, and 360 days, with corresponding p values.

was chosen on the 'ls-sumpti(m that it would Tabela V - Volume porcentual médio de adipocitos sobreviventes das 5
modalidades, aos 7, 180 ¢ 360 dias.
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Fig. 5a - Photomicrography of fat tissue of the treatment
group on the 180™ pnstopcrmve day. The graft is surrounded
by tibrous connective tissue that forms penetrating septa in
some areas. There is inflammation in the center of the graft,
(Haemaroxylin and cosin, original magnification x25).

Fig. 5a - Fotomicrografia do tecido adiposo tratado, aos 180 dins.
O enxerto € civeundado por trabéculn de tecido conjuntivo fibroso
com alguns septos penetrando-o. Processo inflamatorio veparacional
ao centro (HE 25x).

1sotonic with red blood cells, and cell osmolarity may
vary in other tissues. The fact that there was more
cystic formation in the lavage group may strengthen
that hypothesis, assuming that these cysts originated
from cell degeneration. These findings do not sup-
port the reccommendations of a number of authors*
591112 that insist on thorough lavage of the adipose
tissue before injection, or those of the American So-
ciety of Plastic and Reconstructive Surgeons'! that
also advocate the use of Ringer’s lactate solution for
the same purpose.

The high percentage volume of fat cells present at 360
days (67% to 84%), lead to the assumption that at
this stage the graft i1s reaching a point of stability, as
the control tissue contained 83% of fat cells.

In the sharp suction group the maintenance of fat cell
volume throughout the experiment, together with the
low inflammatory reaction at 360 days, suggest that
injury to the adipocytes occurred mainly at the time
of harvesting, but the dissection group, which prob-
ably had the least injury during harvest, had a final
volume of tat cells of only 45%. Because the tissue in
this group was immersed in saline while being frag-

mented into smaller pieces, the same phenomena of

membrane rupture hypothesized in the lavage group
could apply.

In the process of healing, as a result of the inflamma-

Fig. 5b - The same section in a bigger augmentation show-
ing a giant cell with its vacuolized cytoplasm (Haematoxylin
and cosin, x400).

Fig. 5b - Maior aumento do campo anterior. Celula gigante com
citoplasma vacuolizado (HE 400x).

tory reaction, toxic substances such as free radicals
are produced. These substances enhance the injury to
the surrounding tissues and promote resorption of the
tat cells, whether or not they are transplanted. For
this reason it is possible that the use of agents that
neutralize free radicals may increase the overall sur-
vival of fat tissue grafts

KONONAS ctal."¥ compared tat gratts obtained by
suction using blunt edged Lanmtlas to those obtained
by direct dlsscumn. At nine months they found that
the survival within the dissection group was 42% com-
pared to that in the suction group, which was 32%.
Our findings were similar tor direct dissection. The
survival rate found by Kononas et al. in the blunt group
15, however, higher than that tound in this study in
the blunt suction group, and is consistent with that of
the sharp suction group. In this study, far graft sur-
vival was assessed by volumetric analysis and an ex-
tensive qualitative evaluation, allowing a more pre-
cise interpretation of the results. To our knowledge
such a thorough analysis has never been done before.
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