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Abstract

Background The volume effect of fat grafting is highly
dependent on the presence of viable adipocytes and other
nucleated cells within the lipoaspirate. We suspected that
one of the crucial factors influencing cell viability is the
negative pressure applied during the fat graft harvesting
and the suitability of various harvest sites when compared
to others. Despite much discussion, there is no consensus
on the optimal negative pressure or the best site for har-
vesting so we designed an experiment to test this.
Methods Fat graft taken under low negative pressure
(— 200 mmHg) or high negative pressure (— 700 mmHg)
from the thigh or abdominal regions from 21 healthy
human donors was evaluated. The principal variables
studied were: a) total number and viability of nucleated
cells, b) liposuction duration and c) blood admixture. Other
variables studied were body mass index, the impact of age
and enzymatic digestion.

Results The absolute number and viability of nucleated
cells and the blood admixture did not differ significantly
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between lipoaspirates obtained under different vacuum
conditions or from different regions. The time taken to
acquire the same volume of lipoaspirate was significantly
increased using low negative pressure. The time taken to
collect cells in the thigh region significantly increased with
increasing BMI but this correlation was not found when
harvesting in the abdominal region. The BMI and age did
not impact the results in any of the measured variables. The
enzymatic digestion rate was independent of the negative
pressure used to harvest.

Conclusion Our results indicate that neither the negative
pressure used nor the area chosen has any significant
influence on the viability and yield of harvested cells. The
time taken to obtain lipoaspirate using low pressure is
significantly longer than when using high pressure. No
significant difference was found in the value of blood
admixture using different vacuum pressures, and no cor-
relation exists between the body mass index and the cell
viability or age of the patients and the time of liposuction.
Level of Evidence IIlI This journal requires that authors
assign a level of evidence to each article. For a full
description of these Evidence-Based Medicine Ratings,
please refer to Table of Contents or online Instructions to
Authors www.springer.com/00266.

Keywords Adipocyte - ASC - Negative pressure -
Liposuction - Fat grafting

Introduction

Since the revolutionary and comprehensive work on fat
grafting done by Coleman, fat grafting became an accepted
and routinely used procedure not only in plastic surgery but
also in other medical specialities [1-8]. Currently adipose



http://orcid.org/0000-0003-3843-9150
http://www.springer.com/00266
https://doi.org/10.1007/s00266-021-02396-z
https://doi.org/10.1007/s00266-021-02396-z
http://crossmark.crossref.org/dialog/?doi=10.1007/s00266-021-02396-z&amp;domain=pdf
https://doi.org/10.1007/s00266-021-02396-z

Aesth Plast Surg (2021) 45:2952-2970

2953

tissue is used as a filler with a potential regenerative effect.
However, considerable differences in methodology and
also in success levels are reported. Moreover different fat
graft success is reported even when implementing the same
method. The absorption rate of the applied fat graft over
time was found to be between 25 and 70% [9-12].

Multiple factors are involved in the fat grafting proce-
dure and all of them affect the fat graft success and the final
result of the whole procedure. Even after excluding the
patient-related factors, we still have to consider the factors
associated with the fat graft harvesting process (i.e.
tumescent solution, syringe aspiration or excision or use of
a pump machine, the negative pressure setting, the cannula
length and calibre, etc.). Then the graft processing (i.e.
decantation, filtration or centrifugation, addition of stem
cells or other agents) and the graft application (i.e. cannula
length and calibre, applied positive pressure, the technique
of the fat insertion, the amount of applied graft, etc.)
[9, 13-18].

Mature adipocytes are fragile cells with minimal resis-
tance to any trauma while adipose tissue derived stem cells
(ASCs) are more tolerant [19, 20]. The volume effect of fat
grafting is more dependent on adipocytes while the
regenerative potential depends more on ASCs, but both cell
types are important for the fat graft success. One presumes
that gentle handling of the fat graft in all steps is important.
The value of the negative pressure setting for harvesting fat
tissue using any technique can be one of the dominant
differentiating factors potentially affecting the viability and
function of adipocytes and ASCs. We therefore concluded
that it is important to understand the effect of negative
pressure on these cell types. In addition, one must recog-
nise that lipoaspirate contains not only adipocytes and
ASCs but also other nucleated cells originating from the
stromal vascular fraction (SVF) such as preadipocytes,
fibroblasts, endothelial cells and haematopoetic cells.

The current literature that deals with the influence of
negative pressure on adipocytes and/or ASCs is very
inconsistent in methodology and reported results
[19, 21-39]. All the studies that we found were of low
evidence-based medical value (Level IV.) [40, 41], and
though not a single study suggested better results could be
obtained using higher-negative-pressure harvesting, the
large variability in their findings prevents a statistically
significant conclusion to be drawn [42].

This led us to design this experimental study in which
we aimed to scientifically evaluate the differences in the
viability and total count of adipocytes, ASCs and other
nucleated cells in lipoaspirate harvested using various
negative pressures and also to see whether the choice of fat
harvesting sites had an influence. All other variables of the
harvesting process (cannula type and size, fat-collecting
containers, tubes, etc.) were kept constant. We also studied

the impact of various negative pressures and anatomic sites
on the time of liposuction and on the resulting blood
admixture. Finally we evaluated the relationship of these
with the body mass index (BMI) and age of the donors. We
consider that this controlled prospective cohort study better
clarifies the relationships among these variables and espe-
cially the influence of various negative pressures on the
quality of lipoaspirate.

Materials and Methods
The Cohort of Patients

A prospective cohort study was performed on samples of
subcutaneous adipose tissue harvested from 21 healthy
donors after written informed consent was obtained at the
Department of Plastic Surgery, First Faculty of Medicine
Charles University and Na Bulovce University Hospital in
Prague. The study was performed in compliance with the
Declaration of Helsinki on experiments involving human
tissues and it was approved by the Ethical Committee of
the Na Bulovce University Hospital.

The group of females (n=20) and one male (n=1)
patients underwent tumescent liposuction under general
anaesthesia. All patients were generally healthy with no
allergies. The exclusion criteria for patient’s selection were
tobacco use, hypertension and diabetes mellitus. No age,
BMI or gender exclusion criteria were applied. All patients
without exclusion criteria and undergoing liposuction of
the abdomen or/and thigh regions during the defined time
periods were included in this cohort study. The adipose
tissue from the thigh region (n=12) and from the abdominal
region (n=15) was harvested. Individual numbers of sam-
ples used for the following analyses are specified in para-
graphs concerning the methodology of the analyses.
Demographic and clinical characteristics of the donors are
summarised in Table 1.

Liposuction Procedure

The wet technique liposuction was performed with the
tumescent solution containing 1000 mL of physiological
solution with 1 mL of epinephrine (1 mg/ml) ) and 20 mL
of 8.4% bicarbonate. In order to eliminate all other possible
cytotoxic effects, no local anaesthetics were used. A lipo-
suction machine (MEDELA dominant 50, Medela AG,
Switzerland) was used with the continuous negative pres-
sure mode setting. For the purpose of this study, the pump
machine was freshly calibrated. The low negative pressure
(LP) was set at — 200 mmHg, and the high negative
pressure (HP) was set at — 700 mmHg. A Coleman Style
blunt cannula with 4 holes and an internal diameter of 3
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Table 1 Demographic and
clinical characteristics of the

1
donors Age (years)z p= 0.133)°

All (n=27) Thigh (n=12) Abdomen (n=15)
37.96 £ 9.63 34.80 + 8.49 40.50 £+ 10.01
BMI (kg/m?) % (p = 0.319)° 23.50 + 3.53 22.80 + 3.77 24.20 + 3.32
Sex (female/male) 26/1 12/0 14/1
Tobacco user (yes/no) 0727 0/12 0/15
High blood pressure (yes/no) 0727 0/12 0/15
Diabetes mellitus (yes/no) 0/27 0/12 0/15

'Samples of adipose tissue (n=27) were collected from 21 donors either from the thigh region (n=12) or
from the abdominal region (n=15). The samples were always obtained both under low negative pressure
(i.e. — 200 mmHg) and under high negative pressure (i.e. — 700 mmHg) in the same patient. The number
of samples used for individual analyses is specified in each analysis description. No statistically significant
difference was found between the abdominal and thigh groups when considering age (p=0.133) and BMI

(p=0.319)

Data are presented as mean + SD

3p value is given for comparison between the thigh and the abdominal regions performed by unpaired t-test

mm was used in all cases. The schema of the fat harvesting
set is shown in Fig. 1.

In accordance with fluid dynamics, we expected some
negative pressure decrease in the system; thus, we per-
formed a set of experimental measurements in advance that
showed about 11.5% negative pressure loss on average
(Table 2). This means that the real negative pressure at the
end of the liposuction cannula was about — 177 mmHg for
LP and about — 620 mmHg for HP harvesting. Though the

Fig. 1 Schema of the fat @
harvesting set. A cannula with @3mm > mm

real negative pressure was about 11.5% lower than pressure
set on pump machine (— 200 mmHg vs — 177 mmHg and
— 700 mmHg vs — 620 mmHg) we decided that to prevent
confusion in presenting the results, in the discussion and
the conclusion we will continue to refer LP as — 200
mmHg and HP as — 700 mmHg.

Both LP and HP were used in each donor: LP was used
on one side of the patient’s body, and HP was used on the
opposite side. A different cannula, tube and sterile fat-

@7mm

Tube 3 m

. . Cannula30cm  Handpiece 15 cm
hand piece (15 cm long, internal d

diameter 5 mm) was connected

to a sterile fat-collecting

>)

container of 500 mL using a
3 m long tube with internal

diameter of 7 mm. This

container was connected to a
pump machine safety container
of 2000 mL using the same tube
and this container was
connected to a negative pressure
generator using a 0.5 m tube

10

Container 1

Tube 3 m

with 7 mm internal diameter
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Container 2
Pump Machine

mmHg Vacuum Regulator

Tube 0,5m
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Table 2 Percentage loss of negative pressure in the fat grafting liposuction set

Measurement  Machine negative pressure Manometer Percentage of real negative pressure vs Percentage of
# 1D setting (mmHg) measurement (mmHg) setting on manometer pressure loss
1 200 180 90.0 10.0

2 200 174 87.0 13.0

3 260 230 88.5 11.5

4 370 330 89.2 10.8

5 410 360 87.8 12.2

6 450 400 88.9 11.1

7 530 465 87.1 12.3

8 560 500 89.3 10.7

9 700 622 88.9 11.1

10 700 620 88.6 11.4
Average 88.6 11.4

A set of randomly chosen 10 measurements was taken using different negative pressures from — 200 mmHg up to — 700 mmHg. Measurements
were taken using standard manometer connected to the end of tube that is originally connected to the hand piece of the liposuction cannula when
performing liposuction. The differences in negative pressure are presented in absolute numbers and as a percentage of achieved negative pressure

and as a percentage of negative pressure loss

collecting container were used for LP and HP harvesting in
order to prevent contamination of the LP material with the
HP material and vice versa. To minimise any other influ-
ences and variability, the samples for research were taken
at the beginning of the liposuction procedure so the least
disturbed adipose tissue was evaluated.

From perioperative medication, only antibiotic prophy-
laxis in three doses (at the beginning of anaesthesia, 8 and
16 hours postoperatively) was administered using intra-
venous cefalosporine—cefazolin (Vulmizolin 1 gr, BB
Pharma a.s., Prague, CZ).

Measurements and Observations During
the Liposuction Procedure

Liposuction Time

During the liposuction, the time taken for a standardised
volume (50 mL) was recorded. The measurement was
taken with a standard stopwatch. Samples obtained either
under LP or under HP from the thigh region (n=12) and
from the abdominal region (n=13) were investigated.

The Evaluation of Blood Admixture During Liposuction

The visual estimation of blood contamination of harvested
fat tissue was performed immediately after liposuction
before sedimentation and two hours after harvesting and
sedimentation. The harvested fat tissue was stored in closed
sterile containers, where the samples were kept at room

temperature and were sent immediately (within 2 hours) to
the laboratory for further processing and analysis.

Biological Analyses of Freshly Harvested Lipoaspirate

The freshly harvested lipoaspirates were analysed within 2
hours after the liposuction procedure. The lipoaspirates
were minimally manipulated to preserve constant condi-
tions for assessment. The visual schema of lipoaspirate
analyses is presented in Fig. 2.

Analysis of Blood Admixture in Freshly Harvested
Lipoaspirate

The initial evaluation of blood admixture to lipoaspirate
immediately after liposuction with minimal sedimentation
was done visually (Fig. 2a). In order to precisely analyse
the admixture of blood elements in the lipoaspirate, 7 mL
of the lower part of the lipoaspirate suspension (Fig. 2b)
was aspirated and transferred to 15-mL conical plastic
tubes (in triplicate for each sample from each donor). The
plastic tubes were stored overnight at 4 °C to allow blood
elements to sediment. Subsequently, the supernatant was
aspirated and the pellet, composed of blood elements, was
resuspended in 2 mL of phosphate-buffered saline (PBS;
Sigma-Aldrich). This suspension was pipetted into a
96-well plate and the blood admixture was estimated on the
basis of the absorbance measurements at A=540 nm, i.e. at
the absorption peak for haemoglobin. Samples obtained
under LP or HP from the thigh region (n=8) and from the
abdominal region (n=10) were analysed.

@ Springer
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Freshly harvested lipoaspirate

Analysis of blood admixture

Analysis of lipoaspirate fractions

Fig. 2 Schema of the biological analyses performed on the fresh
lipoaspirates. a Macroscopic evaluation of the blood admixture,
b processed analysis of blood admixture, ¢ analysis of cell counting

Viability and Yield of Nucleated Cells in Freshly Harvested
Lipoaspirate

For the analysis of viability and number of nucleated cells,
the solid upper part of the lipoaspirate (Fig. 2c) was washed
3 times with PBS to remove blood elements. Then 1 mL of
native lipoaspirate was aspirated and was incubated with
Hoechst 33342 (10 pg/mL in PBS; Cat. No. B2261, Sigma-
Aldrich) and with ethidium homodimer-1 (3 pg/mL in
PBS; Cat. No. E1169, ThermoFisher Scientific) dyes for 15
minutes (at 37 °C). Subsequently, from 28 to 51
microphotographs of the stained lipoaspirate were taken for
each evaluated sample under an epifluorescence Olympus
IX71 microscope, equipped with a DP71 digital camera
using an objective magnification of x10 and x20. The
number of dead nucleated cells (i.e. the nuclei of red or
purple colour, positively stained with ethidium homod-
imer-1 and Hoechst 33342, respectively) and the number of
viable nucleated cells (i.e. the nuclei of blue colour posi-
tively stained only with Hoechst 33342) were manually
counted from the microphotographs. The viability of all
nucleated cells within the lipoaspirate was then calculated
as the ratio of viable cells vs. all cells. The cell density, i.e.
the absolute number of viable cells for each sample, was

@ Springer

and viability and d observed lipoaspirate fractions volume. Lipoaspi-
rate from the same donor was harvested under low negative pressure
(LP — 200 mmHg) or high negative pressure (HP — 700 mmHg)

related to a microscopic field under objective magnification
x10. Samples obtained under LP or HP from the thigh
region (n=6) and from the abdominal region (n=7) were
analysed.

Comparison of the Ratio of Specific Lipoaspirate Fractions

Samples of lipoaspirate obtained under LP and HP from 5
donors were studied to visually compare the volume of
specific lipoaspirate fractions after enzymatic digestion of
the tissue (Fig. 2d). The lipoaspirate was washed several
times with PBS. Then, 8 mL of lipoaspirate was mixed
with 8 mL of type I collagenase solution. This solution
contained 1% (wt/vol) bovine serum albumin (Sigma-
Aldrich) and 0.1% (wt/vol) type I collagenase (Worthing-
ton). The digestion was performed for 1 hour at a tem-
perature of 37 °C. Then, the digested tissue was
centrifuged for 5 min at 300 g. Subsequently, the ratio of
particular fractions was visually compared with respect to
the LP and HP used during the liposuction procedure.



Aesth Plast Surg (2021) 45:2952-2970

2957

LP-thigh

HP-thigh

Fig. 3 Microphotographs of native lipoaspirate fluorescence staining.
The lipoaspirate was obtained from the same donor from the thigh
region and from the abdominal region under low negative pressure
(LP  — 200 mmHg) or wunder high negative pressure (HP
— 700 mmHg). All cell nuclei were stained with Hoechst 33342
(blue), and at the same time, the nuclei of dead cells were stained with

Statistical Analyses

Statistical analysis was performed to test the significance of
the results. The paired #-test was used for data having a
normal distribution. The Wilcoxon matched-pairs signed-
rank test was used for data not having a normal distribu-
tion. Associations between BMI/age and liposuction
time/cell viability were described by Pearson’s correlation
coefficient with a calculation of linear regression and a
95% confidence interval. The statistical analysis and graphs
were performed by GraphPad Prism 8 (GraphPad Software,
Inc.). Results with p<0.05 were considered significant.

The detailed demographic and clinical characteristics of
donors with a summary of analyses performed are descri-
bed in Supplementum (Table S1).

ethidium homodimer-1 (red). The living cells are therefore recognis-
able as having blue nuclei and dead cells are recognisable as having
purple nuclei (combination of blue and red) observed with an
Olympus IX71, camera DP71, objective magnification x20, scale bar
100 pm

Results

Viability and Number of Nucleated Cells in Freshly
Harvested Lipoaspirate

Representative images of the staining used for cell viability
evaluation (Hoechst 33342 and ethidium homodimer-1) are
shown on Fig. 3.

The relationship between LP and HP value for each
patient is detailed in Fig. 4. In the thigh region, the viability
of all nucleated cells was slightly higher under LP than
under HP. However, in the abdominal region, the viability
was similar in both lipoaspirate groups (Fig. 4a). These
differences were quantified by A viability, i.e. the LP value
minus HP value for each donor (Fig. 4b). Nevertheless, the
absolute median values of the cell viability were similar for
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Fig. 4 Relationship between
cells viability and LP and HP
value for each patient.

a Viability of all nucleated cells
in the native lipoaspirate from
the thigh region and from the
abdominal region harvested
under low negative pressure (LP
— 200 mmHg) or under high
negative pressure (HP

— 700 mmHg). The lipoaspirate
was obtained from each donor
under both pressures; thus, the
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all groups studied, i.e. from 78.9% (LP thigh) to 81.4% (HP
thigh) (Fig. 4c). No significant difference was observed
when the all LP values were compared to all HP values
irrespective of the anatomic region (Fig. 4d).

The clear dependence of the negative pressure used
during the liposuction procedure on the absolute numbers
of viable nucleated cells was not observed (Fig. 5a). Based
on ACell number (i.e. LP value minus HP value for each
donor), the median value was slightly higher for LP thigh
than for HP thigh. Contrarily, the median value of ACell
number was slightly lower for LP abdomen than for HP
abdomen (Fig. 5b). Similarly to the cell viability, the
absolute numbers of viable nucleated cells per microscopic
field were similar for all studied groups, i.e. from 113
cells/field (HP thigh) and 123 cells/field (HP abdomen)
(Fig. 5c). No significant difference was observed when the

@ Springer

all LP values were compared to all HP values irrespectively
of the anatomic region (Fig. 5d).

Liposuction Time

For most of the donors, the liposuction procedure under LP
took longer than when using HP. These results were
obtained both for the thigh region and for the abdominal
region. The measurements are summarised in Table 3.
The relationship between the LP and HP value for each
patient is demonstrated in Fig. 6a. In order to quantify the
differences, ATime duration (i.e. the LP value minus the
HP value for each donor) was calculated. The median value
of ATime duration showed that LP liposuction lasted
longer than HP liposuction by 21 seconds (thigh region)
and by 31 seconds (abdominal region) (Fig. 6b). In general,
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Fig. 5 Absolute numbers of
viable nucleated cells.

a Absolute number of viable
nucleated cells per microscopic
field (objective magnification
x10) in the native lipoaspirate
from the thigh region and from
the abdominal region harvested
under low negative pressure (LP
— 200 mmHg) and under high
negative pressure (HP — 700
mmHg). The lipoaspirate was
obtained from each donor under
both pressures; thus, the line
between the symbols represents
one donor. The
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the median values showed that harvesting 50 mL of
lipoaspirate did not exceed 90 s. Specifically, the median
values were as follows: 45 s (HP abdomen), 54 s (HP
thigh), 68 s (LP thigh) and 87 s (LP abdomen) (Fig. 6¢).
Even stronger statistical significance between LP vs. HP
harvest time values was observed when values from both
regions (thigh and abdominal) were evaluated together
(Fig. 6d).

Analysis of Blood Admixture in Harvested
Lipoaspirate

The results of visual assessments of blood admixture to
lipoaspirates immediately after harvesting and two hours
later are presented in Table 4.

o
o l:l
Number of living cells/field Q.

o

o LP HP

The measured values did not show a clear dependence
on varying negative pressures (LP vs. HP) in individual
donors (Fig. 7a). No significant differences were observed
among the absolute median values of the studied groups.
Nevertheless, the LP regions (i.e. LP thigh and abdomen)
reached slightly higher median values than the HP regions
(i.e. HP thigh and abdomen) (Fig. 7b and c). No significant
difference was observed when all LP values were com-
pared to all HP values irrespectively of the anatomic region
(Fig. 7d).

Correlation of Other Specific Values
Figure 8 shows the correlation between BMI and liposuc-

tion time. Interestingly, in our group of donors, we
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Table 3 Liposuction time for

LP liposuction time (sec) HP liposuction time (sec)

harvesting of 50 mL of Patient # ID Region

lipoaspirate | Thigh
Abdomen

Thigh

Thigh
Abdomen

4 Thigh
Abdomen
5 Abdomen
Abdomen

Thigh
Abdomen
8 Abdomen
Abdomen

10 Thigh
Abdomen

11 Thigh

12 Thigh
13 Abdomen
14 Abdomen

15 Thigh
16 Abdomen
17 Abdomen

18 Thigh
Abdomen

19 Thigh
20 Abdomen

21 Thigh

66 47
113 105
154 86
35 44
103 52
70 94
35 40
72 24
95 25
45 45
85 98
60 41
80 40
115 48
95 34
98 76
158 125
120 95
66 60
62 45
66 35
120 53
55 40
87 56
128 65

Liposuction performed under low negative pressure (LP — 200 mmHg) and high negative pressure (HP
— 700 mmHg). Liposuction time was measured in seconds using a standard stopwatch

observed significant correlation between BMI and lipo-
suction time in the thigh region (i.e. the higher BMI was,
the longer harvesting 50 mL of lipoaspirate took). How-
ever, the reverse seemed to be true for the abdominal
region.

Almost no correlation was observed between the age of
the donors and time of the liposuction procedure (Fig. 9).

Similarly, the correlation coefficient was not found to be
significant in the case of BMI compared to cell viability
(Fig. 10).

Comparison of the Ratio of Specific Lipoaspirate
Fractions

Visual observation was used to compare the amount of
specific lipoaspirate fractions in lipoaspirates obtained
under LP and HP from 5 donors. Figure 11 shows the
separated fractions after collagenase digestion and
centrifugation.

@ Springer

Based on the visual observation, the ratios are also given
in Table 5. Although the ratios of mainly the oily part and
lipoaspirate part differed among the donors, the values
obtained within the single donor both under LP and HP
were similar (rounded to the nearest 0.5 mL).

Discussion

It has been postulated that negative pressure can be one of
the crucial factors that can affect the condition of harvested
cells especially adipocytes as they are very fragile and
because of their size they are more prone to mechanical
damage [19, 20]. Reviewing the studies on the potential
influence of negative pressure during harvesting fat grafts
on the viability and function of adipocytes and ASCs, we
discovered that the reported results were inconsistent and
often controversial [19, 21-39]. This inconsistency is most
probably caused by the large variability in methodologies
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Fig. 6 Duration of the
liposuction procedure. Time
required for obtaining 50 mL of
lipoaspirate from the thigh
region and from the abdomen
region under low negative
pressure (LP — 200 mmHg) or
under high negative pressure
(HP — 700 mmHg). Graph

a represents the lipoaspirates
obtained from each donor under
both pressures; thus, the line
between the symbols represents
one donor. Graph b represents
ATime calculated as LP value

d 200
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used (different harvesting techniques, harvesting instru-
ments, value of negative pressure, fat processing, viability
assessment methods, etc.) [42].

Nevertheless, it is important to ensure whether the
quality of the harvested fat graft is significantly affected by
the value of negative pressure used during harvesting. For
this reason, we conducted a prospective cohort study and
we evaluated our crucial variables—the viability and
number of nucleated cells, in the lipoaspirate samples that
were only minimally manipulated. This way we eliminated
all other possible factors that could potentially mask the
influence of negative pressure on the lipoaspirate. Other
variables that we studied were the blood admixture to the
lipoaspirate, the difference between lipoaspirate from two

anatomic sites (abdomen vs. thighs), the liposuction time,
the BMI and donor age.

The lipoaspirate is composed of many cells types—
adipocytes, preadipocytes, ASCs, pericytes, fibroblasts,
endothelial cells and haematopoietic cells. ASCs are one of
the important cellular components of the lipoaspirate. In
the systematic review focused on fat enrichment strategies,
it was concluded that in most studies ASCs positively
influenced the success of a fat graft [43]. Therefore, in our
previous study we investigated the influence of negative
pressure and of the harvesting site on the viability and
characteristics of ASCs. Although the study showed
approximately twofold higher initial numbers of attached
ASCs harvested from the outer thigh region than from the
abdominal region, the subsequent cell analyses did not
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Table 4 Visual assessment of blood contamination of the lipoaspirate immediately and 2 hours after liposuction

Patient # ID Region LP directly after suction HP directly after suction LP 2 hours after suction HP 2 hours after suction
1 Thigh Less More - -
Abdomen Less More - -
Thigh Equal Equal - -
3 Thigh Less More - -
Abdomen Less More - -
4 Thigh More Less More Less
Abdomen More Less More Less
Abdomen More Less - -
Abdomen Equal Equal - -
Thigh Equal Equal - -
Abdomen Equal Equal - -
Abdomen Less More Equal Equal
Abdomen Equal Equal Less More
10 Thigh Equal Equal Less More
Abdomen Equal Equal More Less
11 Thigh More Less Equal Equal
12 Thigh Equal Equal Less More
13 Abdomen - - More Less
14 Abdomen Less More More Less
15 Thigh Less More More Less
16 Abdomen Equal Equal Less More
17 Abdomen - - Less More
18 Thigh More Less More Less
Abdomen More Less More Less
19 Thigh - - More Less
20 Abdomen - - More Less
21 Thigh Equal Equal More Less

Fat was harvested under low negative pressure (LP — 200 mmHg) and high negative pressure (HP — 700 mmHg). Less/equal/more are internal

comparisons of each donor sample not between donors

reveal pronounced differences among the cell groups. All
cells showed similar proliferation, viability and phenotypic
characteristics [39]. In this study, we focused not only on
ASCs but on all nucleated cells, predominantly adipocytes.

The Yield and Viability of Nucleated Cells

The level of negative pressure was reported to influence the
yield of adipocytes and ASCs in several studies. The
absolute number of cells yielded under different LP (i.e.
— 220, — 250, — 225 and — 350 mmHg) was reported to
be higher (in some reports with statistical significance) than
when using HP (ie. — 720, — 750, — 410 and
— 700 mmHg) [30, 32, 38, 44]. Also significantly more
preadipocytes were derived using LP (i.e. — 537 mmHg)

@ Springer

comparing to HP (i.e. — 643 mmHg) [24]. In contradic-
tion, Charles-de-S4 et al. in their study, on a larger patient
cohort (i.e. n=15 vs. n=3, 10, 3 and 5), found no signifi-
cantly different counts of adipocytes per mL and no sig-
nificant viability difference of ASCs no matter what
negative pressure (i.e. — 275, — 350, — 394, — 550 and
— 700 mmHg) was used [37]. The findings of Charles-de-
Sa are more in accordance with our results. Our study did
not show significant differences in viability or in absolute
numbers/yield of all nucleated cells between LP and HP
groups (— 200 mmHg vs. — 700 mmHg). Our current
results are in accordance with our previous study focused
on ASCs, where no significant influence of negative pres-
sure on the number or on the ASCs viability was found
[39].



Aesth Plast Surg (2021) 45:2952-2970

2963

Fig. 7 Absorbance
measurement of haemoglobin in
the native lipoaspirate.

a Lipoaspirate from the thigh
region and from the abdominal
region harvested under low
negative pressure (LP

— 200 mmHg) or under high
negative pressure (HP

— 700 mmHg). The lipoaspirate
was obtained from each donor
under both pressures; thus, the
line between the symbols
represents one donor. The
higher the absorbance value is,
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comparison of LP and HP
values with a respect to
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origin. Graph d represents the
comparison between LP and HP
pressure values combined from
the thigh and from the
abdominal region. The median
values are marked red. Paired #-
test (for data passing the
normality test) or Wilcoxon
matched-pairs signed-rank test
(for data failing the normality
test) were used. No significant
difference (p<0.05) between LP
and HP was observed
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The Influence of Different Harvesting Sites

The influence of the harvesting site on the amount and
quality of cells in lipoaspirate was considered to be
important in previous studies. Padoin et al. reported sig-
nificantly higher concentration of ASCs taken from the
lower abdomen and the inner thigh than other sites (i.e.
upper abdomen, trochanteric region, knees and flanks) [45].
Qu er al. reported that cryopreserved ASCs from the
abdominal and thigh regions maintained significantly
higher proliferation, ability, migration and differential
potential compared with ASCs harvested from the upper
limbs and flanks [46]. On the other hand, several studies
contradicted this. Rohrich er al. found no statistical dif-
ference in the means of adipocytes viability between fat
harvested from abdominal, thigh, flank or knee regions
[47]. Ullman et al. concluded no significant difference in

fat graft success among fat harvested from one donor, from
the breast, the abdomen or the thigh and implanted into a
mouse subcutaneous region [48]. Similar research was
done by Li et al. In that study, the fat taken from six donors
from the upper and lower abdomen flanks, inner and outer
thighs was injected subcutaneously into mice. After 12
weeks, no significant difference was found in graft success
nor in the characteristics of SVF cells [49]. In our study, we
did not find a statistical difference between two different
regions (abdomen vs. thigh) when considering the nucle-
ated cell count and viability. This was also our finding
when using both negative pressures: LP (— 200 mmHg) or
HP (— 700 mmHg).
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Fig. 8 Correlation between the BMI of donors and the liposuction
time when harvesting 50 mL of lipoaspirate. Liposuction from the
thigh region or from the abdominal region under low negative
pressure (LP — 200 mmHg) or under high negative pressure (HP

Liposuction Time

Elam et al. in his study reported that using LP (i.e.
— 380 mmHg) produced a graft with surprisingly lower
manual effort and in shorter time than when using HP (i.e.
— 760 mmHg) [50]. We found, however, that for har-
vesting the same amount of lipoaspirate, the liposuction
procedure performed under HP (— 700 mmHg) was sig-
nificantly faster than the liposuction procedure performed
under LP (— 200 mmHg) from both the thigh and
abdominal region. It has been suggested that time duration
within one operation zone can play an important role in
obtaining a fat graft with more viable cells. The aspiration
periods longer than 2 minutes within a particular operation
zone are prone to produce a lipoaspirate with a decreased
adipocyte viability due to accelerated tissue injury [16]. If
this is the case, we can speculate that HP may be more
beneficial as the desired amount of adipose tissue can be
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Time of the liposuction (s)

— 700 mmHg). Pearson’s correlation with a calculation of linear
regression and a 95% confidence interval was performed. The p value
has been found to be significant (p>0.05) in the case of the thigh
region but not the abdominal region (p<0.05)

harvested significantly faster than when using LP. How-
ever, our time frames were shorter and we did not see this.

The Blood Admixture

The effect of various negative pressures on the quantity of
red blood cells in lipoaspirates was studied by several
authors. Chen et al. visually observed less erythrocytes in
samples harvested under LP (i.e. — 225 mmHg) than HP
(i.e. — 410 mmHg) [38]. However, the study did not out-
line whether the same results were obtained for all patients
or whether these differences were somehow quantified. A
similar finding was reported by Elam et al.. The authors
estimated macroscopically the differences between LP (i.e.
— 380 mmHg) and HP (i.e. — 760 mmHg) liposuction and
they found that LP liposuction produced a graft with lower
blood contamination [50].

Usually a tumescent solution with epinephrine is used
for infiltration of the fat tissue before liposuction to
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Fig. 9 Correlation between the age of donors and liposuction time
when harvesting 50 mL of lipoaspirate. Liposuction from the thigh
region or from the abdominal region under low negative pressure (LP
— 200 mmHg) or under high negative pressure (HP — 700 mmHg).

minimise the overall blood loss and blood contamination of
lipoaspirate that is used for lipografting. It was reported
that more blood contamination can impair the viability of
harvested adipocytes and ASCs, so minimisation of blood
admixture to lipoaspirate seems to be important [51].
However, it was also reported that using a solution with
epinephrine can decrease the volume of fat graft success in
the long term [52]. Even here there is controversy, never-
theless, epinephrine is a generally used component of
tumescent solution as it seems that the benefits outweigh
the drawbacks. Our tumescent solution used a standard
dose of 1 mL of epinephrin (I mg/ml) per 1 L of tumes-
cent solution.

In our study, we noticed several discrepancies between
visual estimation of blood contamination of lipoaspirates
immediately after harvesting and two hours later. This may
be due to the fact that directly after liposuction, the
lipoaspirate is not decanted and it is a mixture of rich fat
with more or less tumescent solution and air bubbles. It is
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Pearson’s correlation with a calculation of linear regression and a
95% confidence interval was performed. The p value has not been
found to be significant (p<0.05)

therefore more demanding to assess the blood contamina-
tion from this dense mixture, and consequently, it is fraught
with more inaccuracy. Two hours later, the air bubbles are
released and the decanting process divides the fat tissue
from the tumescent solution containing blood so the col-
ours of components are more distinguishable and visual
estimation of blood contamination is more precise.

Our observations immediately after harvesting revealed
7 samples having a higher blood contamination for LP, 10
samples having equal contamination for LP and HP and 6
samples having a higher blood contamination for HP.
These results provided variable and unclear findings con-
cerning the influence of negative pressure on blood con-
tamination. The quantitative evaluation performed two
hours after harvesting showed slightly lower blood con-
tamination in most of the HP samples (11 out of 18) than in
the LP samples. This difference was not significant. We
have to point out, however, that the admixture of blood
cells to lipoaspirate can be significantly affected by
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Fig. 10 Correlation between the BMI of donors and the viability of
nucleated cells in the harvested adipose tissue. Liposuction from the
thigh region and from the abdominal region under low negative
pressure (LP — 200 mmHg) or high negative pressure (HP

accidental damage of a large vessel in subcutaneous tissue
and this is completely out of the surgeon’s control. This is
independent of the makeup of the tumescent solution or the
suction pressure used.

The Negative Pressure and Rate of Enzymatic
Digestion

It was previously reported that enzymatic digestion is more
successful in lipoaspirates obtained under LP (i.e.
— 225 mmHg) than under HP (i.e. — 410 mmHg) [38]. In
our study, we visually analysed and volumetrically mea-
sured 5 samples obtained under LP (— 200 mmHg) and HP
(— 700 mmHg). Samples were digested using collagenase
type I and centrifuged. We found no significant differences
in enzymatic digestion depending on the value of the
negative pressure. We only observed slight inter-donor
variabilities. The volumes of particular fractions (i.e. oily
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— 700 mmHg). Pearson’s correlation with a calculation of linear
regression and a 95% confidence interval was performed. The p value
has not been found to be significant (p<0.05)

part, digested adipose tissue, digesting solution with blood
and SVF) were almost identical within same donor.

Other Evaluated Specific Parameters

A significant correlation was observed between BMI and
liposuction time in the thigh region (i.e. the higher BMI,
the longer the time was required for harvesting of 50 mL of
lipoaspirate). We cannot find any logical anatomic expla-
nation for this finding. On the contrary, the abdominal
region showed the opposite tendency (i.e. the higher BMI
was, the shorter harvesting time). However, we point out
that the trend in the abdominal region did not reach sta-
tistical significance. We postulate that the opposite trends
observed between these two regions could potentially stem
from more fibrous tissue present in the abdominal subcu-
taneous fat (i.e. Scarpa’s fascia, Camper’s fascia). It may
be that in obese patients the amount of fat highly overlaps
the fibrous tissue and harvesting of fat is easier and quicker.
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Fig. 11 Ratio of specific lipoaspirate fractions after digesting.
Digestion using type I collagenase (1 hour at 37 °C) and centrifuging
(5 min at 300 g). Each photograph represents the same amount of the
lipoaspirate from one donor harvested under low negative pressure
(LP  — 200 mmHg) or under high negative pressure (HP

HP

— 700 mmHg). The specific lipoaspirate fractions are represented
by the uppermost oily part, by the layer of digested adipose tissue
with adipocytes, by the infranatant layer composed of blood and
digesting solution and by the lowest layer composed of stromal
vascular fraction

Table 5 Ratio of lipoaspirate

fractions in 5 donors Patient # ID Pressure Oily p. [mL] Lipoasp. [mL] Liquid p. [mL]
1 LP 0.5 5.5 10
HP 0.5 5.5 10
2 LP 1 4 11
HP 1 4 11
3 LP 0.5 5.5 10
HP 0.5 5.5 10
4 LP 1 4 11
HP 1 4 11
5 LP 2.5 2.5 11
HP 2.5 2.5 11

Fat tissue harvested under low negative pressure (LP — 200 mmHg) and high negative pressure (HP
— 700 mmHg). The specific lipoaspirate fractions are represented by the uppermost oily part (Oily p.), by
the layer of digested adipose tissue with adipocytes (Lipoasp.) and by the infranatant layer composed of
blood and of digesting solution (Liquid p.). The lowest layer composed of stromal vascular fraction is not
included here as it produces only insignificant minimal layer at the bottom of the tube, and it also contains
other tissues that may obscure its real volume. The values are rounded to the nearest 0.5 mL

The BMI did not significantly influence the viability of
nucleated cells collected from the lipoaspirates irrespective
of the negative pressure (LP — 200 mmHg or HP
— 700 mmHg). Neither did the age of patients influenced
the liposuction time when using different negative pressure
(LP — 200 mmHg vs. HP — 700 mmHg) nor from differ-
ent regions (abdomen vs. thigh).

Limitations of the Study

Despite care in the design of our study, we need to point
out some potential shortcomings of our methodology.

In an effort to minimally manipulate the lipoaspirate
before measurement of our variables, for the evaluation of
viability and the yield of cells Hoechst 33342/ethidium
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homodimer-1 staining was selected. This staining provides
fast and simple distinction between living cells vs. dead
cells. However, a limitation of this selected method may lie
in the fact that this stains all nucleated cells not only adi-
pocytes and ASCs. The lipoaspirate contains many cell
types: adipocytes, preadipocytes, ASCs, pericytes, fibrob-
lasts, endothelial cells and hematopoietic cells. The precise
percentage of cell fractions is difficult to estimate, as it is
highly dependent on multiple factors (i.e. BMI, age, tech-
nique of harvesting, region of liposuction, etc.) [53]. While
adipocytes seem to be the most dominant cell fraction of
the lipoaspirate, it is estimated that adipocytes produce
about 90% of the healthy fat tissue volume but only 50% of
overall cell numbers. The other 10% of the volume and
50% of the cell number is made by supportive cells from
SVF [54, 55]. With only several clean-up steps performed
before staining, all these cell types would be involved in
our analysis of cell viability and of the total number of
cells. Our analysis therefore did not specifically focus on
the influence of negative pressure on the quality and
quantity of particular cell types (adipocytes and ASCs).
From the practical point of view, however, we suggest this
not be a preventative drawback as all cell types included in
lipoaspirate are important for graft success, so their via-
bility and function is still important. The analysis of par-
ticular cell types can be obtained after enzymatic digestion.
However, digestion adds another layer of probable influ-
ence, with a more intense manipulation which could
obscure the initial differences in cell characteristics and
skew the findings.

Another limitation of our study is that not all samples
underwent all measurements and analyses. The detailed list
of which measurement and analysis were done with which
sample is given in Table S1—Supplementary material.
From this table, one can see that viability and number of
nucleated cells was studied on 13 out of 27 samples. Time
of liposuction was measured in 25 out of 27 samples.
Visual blood admixture was evaluated in 23 out of 27
samples, and blood admixture analysis was done on 18 out
of 27 samples. This seeming inconsistency is caused by the
fact that the study was designed as a two-step study; it
started as a clinical study and laboratory analyses were
added as a second step for the second half of specimens.
The ratio of lipoaspirate fraction after digestion was mea-
sured in 5 out of 27 samples (see Table 5). This analysis
was added to the results just as an interesting finding that
was tested on a limited number of samples and this infor-
mation is therefore not included in the conclusion.

Another considered limitation may be that no ran-
domisation was performed when selecting the patient for
including in to the study and also no randomisation was
done for selecting which analysis was performed on which
sample. However, this study was designed as a prospective
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cohort study so each patient without the exclusion criteria
but undertaking the liposuction procedure during the
defined time periods was included in the study. The second
half of cohort samples underwent laboratory analyses
according to the study design. This cohort study is not
based on randomisation but on including the individuals on
the basis of their exposure to some influence, in our case
liposuction.

Conclusion

The volume effect of fat grafting is highly dependent on the
presence of viable, undamaged and unspoiled cells within
the lipoaspirate. One of the crucial factors influencing cell
viability and function was considered to be the negative
pressure applied during fat graft harvesting.

Our study scientifically evaluated several variables
using two different negative pressures (— 200 mmHg vs.
— 700 mmHg) applied during the liposuction using pump
machine within two harvesting sites (abdomen vs. thighs).
The most crucial evaluated variables were: a) the time
duration of harvesting 50 mL of lipoaspirate, b) the blood
admixture and c) the viability plus the total number of
viable nucleated cells present in the lipoaspirate.

Our precisely managed standardised and controlled
prospective cohort study proved that:

1. No significant difference was found in nucleated cells
viability between LP and HP groups.

2. No significant difference was found in the absolute
number of viable nucleated cells harvested using LP or
HP liposuction.

3. No significant difference was observed in nucleated
cells viability between treated regions—thighs or
abdomen.

4. The liposuction time in harvesting 50 mL of lipoaspi-
rate using LP is significantly longer than when using
HP.

5. No significant difference was found pertaining to the
blood admixture to lipoaspirate using LP or HP
liposuction.

6. No significant correlation was found between BMI and
cell viability.

7. Significant correlation was found between BMI and
liposuction time in the thigh region—the higher BMI,
the longer time. This correlation was not apparent in
abdominal region.

8. No significant correlation was observed between the
age of patients and the liposuction time.
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