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The effects of the size of liposuction cannula on
adipocyte survival and the optimum temperature
for fat graft storage: an experimental study
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Summary Background: Determining the most advantageous size of liposuction cannula and
injection needles in terms of adipocyte viability could help to increase fat graft survival. When
recurrent injections are necessary, storing fat tissue which is harvested during the first oper-
ation could be a practical solution if it is stored at an appropriate temperature providing the
highest amount of viable fat cells.
Methods: Fat tissue was removed from the abdomen of 10 consecutive female patients by 6-,
4- and 2-mm-diameter liposuction cannulas. Fat tissue harvested with the 6 mm cannula was
injected through 14, 16 and 20 g needles and collected in separate tubes. An additional three
tubes of fat samples were prepared from fat tissue obtained with the 6 mm cannula to be
stored at þ4, �20 and �80 �C for 2 weeks. Viability of the fat grafts was evaluated by fat cell
isolation with collagenase digestion and staining with supravital dye and counting adipocytes
with a haemocytometer.
Results: The viability of fat grafts harvested with the 6 mm cannula was higher than grafts
obtained with smaller cannulas. The viability of fat grafts injected through 14, 16 and 20 g nee-
dles were similar to each other. The viability of fat grafts stored at þ4 �C was similar to fresh
tissue whereas freezing fat grafts caused significant loss of viable adipocytes compared to
fresh tissue.
Conclusions: The use of larger liposuction cannulas for fat tissue harvesting provides more vi-
able fat grafts. A temperature of þ4 �C could be proposed as an effective and easily available
way of storing fat grafts for at least 2 weeks.
ª 2008 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by
Elsevier Ltd. All rights reserved.
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tissue substitutes like collagen, hydroxyapatite or hyalur-
onic acid.1 The first use of fat transplantation was per-
formed by Neuber in 1893 and later it was used by several
authors for different indications.2e4 After Peer4 showed
that 45% of fat grafts are resorbed by the end of the first
postoperative year there was relatively little call for the
use of fat grafts in the 1960s and 1970s. The introduction
of liposuction by Illouz5 was a milestone and autogeneous
fat grafting became repopularised in the 1980s.6e8 Although
this new source of fat, liposuction aspirate, is easy to ob-
tain and use, the most important drawback is still resorp-
tion. Resorption rates have been reported in the range of
20 to 90% in different studies.3,9 Illouz6 defined the factors
which play a role in fat graft survival as the choice of donor
and recipient area and the method of harvesting and trans-
plantation of fat grafts. According to the commonly
accepted cell survival theory, the success rate of fat graft-
ing is higher if the transplanted fat contains higher amounts
of viable adipocytes.4,10

The effects of the techniques of fat graft harvesting
have been investigated by several authors but quantitative
analysis of adipocyte viability among fat grafts obtained by
different suction cannulas has not been detected.3,6,11e15

To overcome the problem of resorption, overcorrection or
repeated fat injections were proposed.1,2,6 Storage of fatty
tissue for repeated lipofilling procedures has been attemp-
ted both experimentally and clinically but the number of vi-
able adipocytes among the stored fatty tissue has not been
clearly identified.16e18 In this study we have investigated:
(1) How the diameter of the liposuction cannula affects
the numbers of viable adipocytes in the fatty aspirate; (2)
how the size of the injection needles affects the numbers
of live adipocytes in the fat grafts; and (3) how the temper-
ature of storage affects the numbers of live adipocytes in
the fatty tissue. The purpose of this study, therefore, is
to determine the optimum liposuction cannula size, injec-
tion needle size and temperature for the storage of the
fat grafts that will give the highest numbers of live fat cells
with the hope of maximum graft survival.
Materials and methods

Liposuction specimens were obtained from 10 consecutive
female patients who were admitted to the Marmara
University Hospital for abdominal liposuction after study
approval was obtained from the institutional review board
of the university. Patients who have systemic disorders or
a history of chronic drug usage were not included in the
study. The patients’ ages ranged from 30 to 57 years
(mean Z 37 years).

Patients were operated on under general anaesthesia.
Local anaesthetic solution infiltration was not performed
until the study samples were collected. Liposuction pro-
cedures were performed with 2, 4 and 6 mm aspiration can-
nulas with pyramid tip via a 5 mm incision at the inferior
part of the umbilicus. The abdomen was divided into three
imaginary parts: left, middle and right and care was taken
to ensure that suction with each of the cannulas was in
a part of the abdomen that was not traumatised with the
previous cannulas. Aspiration was performed with 50 cc
syringes (specimens from each of these cannulas were
collected in three separate syringes). Approximately 20 cc
fat aspiration was performed with each of the cannulas.
Following the collection of study samples, tumescent solu-
tion was infiltrated and ordinary liposuction was per-
formed. After taking the samples, syringes were returned
to room temperature for 30 min and serum was separated
from fatty tissue by gravity. Then separated serum was
poured and 1 cc samples of fatty aspirate were taken
from each syringe and collected in separate tubes for the
adipocyte count in the fresh aspirate.

To investigate the effect of injection needle size, fatty
aspirate from the 6 mm cannula was injected through 14,
16 and 20 g needles to separate tubes and three more sam-
ples of 1 cc fatty tissue were prepared.

Moreover, three additional samples of fatty aspirate
from the 6 mm cannula were prepared. These were stored
at temperatures of þ4, �20 and �80 �C for 2 weeks. They
were prepared as 1 cc of fatty tissue. After 2 weeks they
were allowed to thaw at room temperature for 1 h and
investigated for viable adipocyte count using the same
method described below.

Method of viable adipocyte count

Each of the 1 cc samples of fatty aspirate obtained with 2, 4
and 6 mm cannulas, injected from 14, 16 and 20 g needles
and stored at þ4, �20 and �80 �C temperatures was pro-
cessed with the addition of 1 ml of collagenase buffer solu-
tion, previously described by Moore et al.19

1 ml of collagenase buffer solution contains:

1 mg/ml collagenase type 1 enzyme (Sigma-Aldrich,
St. Louis, USA);
10 mg/ml Bovine serum Albumin (Sigma-Aldrich,
St. Louis, USA);
500 ml HBSS (Hank’s balanced salts solution; Biological
Industries, Israel);
500 ml DMEM (Dulbecco’s modified Eagles medium;
Biological Industries, Israel).

After the digestion of collagenase, specimens were
centrifuged at 150 g for 2 min. Following the centrifuga-
tion, three layers were observed clearly in each tube. A yel-
low-coloured upper layer contained free fatty acids
released from ruptured adipocytes, the pale yellow-
white-coloured middle layer contained adipocytes and the
red-coloured bottom layer contained blood and the other
connective tissue elements.11,14,20

Samples (100 ml) were taken from the middle layer con-
taining adipocytes and stained with 100 ml brilliant cresyl
blue supravital dye (Merck, Germany) and the number of vi-
able adipocytes was counted with a haemocytometer under
400� magnification.

Statistical analyses

Statistical analysis of the samples collected with 2, 4 and
6 mm cannulas was completed by using the ANOVA (analysis
of variance) test. Repeated measures ANOVA test was used
for the statistical analyses of injected and stored samples
of fat aspirate. Analysis included the comparison of the
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Figure 2 Amounts of viable adipocytes/ml of fatty tissue
obtained with different sizes of liposuction cannulas.
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viable adipocytes in fresh samples of fatty tissue obtained
with the 6 mm cannula and the stored and reinjected sam-
ples which were also prepared from fatty aspirate from the
6 mm cannula. The differences were considered significant
at P< 0.05.

Results

Harvesting techniques

The number of viable adipocytes of the fatty aspirate
obtained with the 6 mm cannulas was significantly higher
than fatty aspirate obtained with 2 or 4 mm cannulas
(P< 0.001 and P< 0.01, respectively). No statistically sig-
nificant difference was detected in adipocyte viability of
the fatty tissue harvested with 2 and 4 mm cannulas
(P> 0.05) (Figures 1 and 2).

Injection techniques

Statistically significant difference was not detected among
fatty aspirates injected from 14, 16 and 20 g needles in
terms of viable adipocyte content (P> 0.05). Compared
with fresh fatty tissue obtained with 6 mm cannulas, all
of the injected specimens, regardless of needle sizes,
Figure 1 (a) Microscopic appearance of viable adipocytes
harvested with 2 mm cannula under 40� magnification. (b) Mi-
croscopic appearance of viable adipocytes harvested with
6 mm cannula under 40� magnification.
contained fewer viable adipocytes (statistically significant;
P< 0.001) (Figure 3).

Storage temperatures

Compared to fresh fatty aspirate, frozen specimens (both
�20 and �80 �C) contained significantly lower numbers of
viable adipocytes (P< 0.01 and P< 0.001, respectively).
Storage of fatty tissue at þ4 �C decreased the live fat cells
compared to fresh aspirate but it did not reach statistical
significance (P> 0.05) (Figure 4).

Discussion

Fat grafts have been popular as soft tissue fillers for more
than 100 years since they were first described by Neuber.2

Especially since the introduction of liposuction, autogenous
fat grafting has been in regular use.5,8 The main problem
with fat grafting procedures is resorption, which is reported
to be in the range of 20 to 90%.3,9 To decrease resorption
rates and increase the longevity of the clinical results; var-
ious fat graft harvesting, preparation and transfer methods
have been suggested. According to the Peer’s cell survival
theory; if the fat graft contains higher numbers of viable
adipocytes, graft survival will increase.4 Based on this the-
ory we have investigated the viability of adipocytes in fatty
tissues obtained with different sizes of liposuction cannulas
to find the most advantageous size in terms of adipocyte vi-
ability. Although it was stated that larger cannulas are
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Figure 3 Amounts of viable adipocytes/ml of fatty tissue
injected with different sizes of needles.
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better for fat graft survival, we could not detect a quantita-
tive study showing the numbers of viable adipocytes aspi-
rated with different sizes of suction cannulas.21,22 In our
study we showed that a 6 mm suction cannula provided
more viable fatty tissue compared to smaller sizes of can-
nulas. All of the aspirations were performed with a 50 cc sy-
ringe and approximately 20 cc of fat aspiration was done
with each of the cannulas to prevent possible differences
in aspiration pressures which would have an effect on fat
cell viability. In order to prevent possible effects of donor
areas, all of the samples were obtained from abdomen.
Hudson and Lambert23 compared adipose tissue from the
abdomen, gluteal-femoral region, breast and face and ad-
vocated the gluteal-femoral region as a donor region, be-
cause this region contains larger adipocytes and more
lipogenic activity. However, Chajchir1 detected no differ-
ence in fat graft survival in terms of fat graft donor areas
in 319 lipofilling cases. Moreover, Rochrich et al.10 have
shown quantitatively that adipocyte viability does not
differ according to the anatomic regions.

In liposuction procedures, adrenalin-containing local
anesthetic solution infiltration is frequently used in order
to prevent blood loss and to help postoperative analgesia.24

We did not infiltrate any solution until the study samples
were collected in order to prevent the dilution effect of
the possible unequal infiltration of the solution in different
parts of the abdomen. In clinical practice if the patient is
operated on under general anaesthesia and lipofilling is
done as an additional operation, fat graft harvesting could
be performed without local anaesthetic infiltration to pre-
vent the shown negative effects of lidocaine and adrenaline
on adipocytes.6,19

In this study, following the aspiration of fatty tissue,
syringes were turned back for gravity settling and after
pouring the separated serum fatty samples were prepared
directly without washing or centrifugation. The centrifuga-
tion, described in the methods section, was part of the
laboratory investigation into adipocyte viability not fat
graft preparation. There are different ideas in the litera-
ture related to centrifugation and washing. While Nguyen3

and Lewis13 have proposed the washing of the fat grafts,
Chajchir1 has stated that washing removes the fibrin con-
tent of the aspirate which is necessary for fat graft adher-
ence that is why he has been opposed to washing. Rochrich
et al. have shown quantitatively that neither washing nor
centrifugation has any effect on fat cell viability.10 More-
over, Smith and Adams have shown that, with regard to
the harvesting or preparation techniques (different combi-
nations of centrifugation and/or washing the cells), fat cell
viability does not differ as assessed by graft weight mainte-
nance or histological evaluations.25

For the determination of the viable adipocyte count in
1 ml of the fatty aspirate, fat cell isolation was done by tis-
sue digestion with collagenase type 1 enzyme as it was first
described by Rodbell26 and later modified by Moore.19

Other kinds of enzymatic digestion tehchniques have been
described in the literature in which collagenase type 2 or
trypsin have been used.15,27 Adipocytes were stained with
brilliant cresyl supravital dye which is a basic dye that
stains deoxyribonucleic acid of the viable cells.28

Our results demonstrated that fat grafts contain lower
amounts of viable adipocytes when they are injected from
needles. But no statistically significant difference was
detected between the sizes of needles with regard to fat
cell viability. Sommer and Sattler also have demonstrated
that there is no relationship between the needle sizes and
the longevity of the fat grafts.29 On the other hand, Chaj-
chir and Benzaquen30 have proposed the use of larger sized
needles (1.5e2 mm) for lipofilling to prevent damage to the
fat cells. But these proposals have not been dependent on
quantitative data.

Although a small patient collective is the limitation of
our study, it was detected that storing fatty tissue at þ4 �C
provides highest numbers of viable adipocytes compared to
dry frozen specimens (�20 and �80 �C). Lidagoster17 has
shown similar findings and stated that inflammatory reac-
tions and tissue necrosis were more apparent in specimens
that are stored at �16 �C than specimens stored at þ1 �C.
These histological findings increased as the time of storage
increased from 1 week to 2 weeks. However, Shoshani16 has
demonstrated that there is no difference in histological
findings of human fat grafts when they are transplanted
to rats as a fresh tissue or a stored tissue at �18 �C for 2
weeks. Neither of these studies has quantitatively shown
adipocyte viability in stored fatty tissue. They have deter-
mined the effect of the temperature of storage based on
the histological findings of the fat grafts after transplanta-
tion. However viability of the fat grafts is affected by sev-
eral factors including some differences in transplantation
methods or recipient area properties. That is why it would
be more specific to investigate adipocyte viability directly
in fresh and stored fatty tissue samples.

Some practitioners in aesthetic surgery see a major
advantage in the storage of frozen fatty tissue for future
augmentations. However our study results showed that
frozen specimens had the fewest vital adipocytes. This
could be explained by adipocyte damage either during
freezing or thawing procedures. It might be expected that,
if proper cryoprotective agents are added, increased
numbers of vital adipocytes could be stored. We believe
that additional studies are necessary to see how the effects
of slow cooling and further improvements in cryopreserva-
tion techniques may allow more viable adipocytes in stored
fat grafts. Until then, þ4 �C temperature storage of fatty
tissue could be proposed since it is more practical and
available compared to liquid nitrogen and more effective
than freezing in terms of fat cell viability.

In conclusion, according to our study results, a 6-mm-
diameter suction cannula provides the fatty tissue that
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contains the highest numbers of viable adipocytes com-
pared to smaller-diameter suction cannulas. Therefore, in
order to increase the success of fat grafts, we propose the
use of larger liposuction cannulas for fat graft harvesting.
We have no suggestion regarding the size of injection
cannulas for fat graft transplantation. For fat graft storage
a temperature of þ4 �C could be advised because it is more
favourable for adipocyte viability compared to freezing for
at least a 2-week period and it is more readily available and
cheaper than liquid nitrogen.
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