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The effect of liposuction on the perforators of the lower abdominal wall has
been investigated in several studies. There are controversial results in the literature that have
primarily demonstrated the number and patency of the perforators. The aim of this study was
to determine the effect of liposuction on the perfusion of perforator-based abdominal flaps
using a combined laser-Doppler spectrophotometer (02C, Oxygen to See, LEA Medizintechnik).

Nine female patients undergoing classical abdominoplasty were included in the
study. Perforators and the perfusion zones of the deep inferior epigastric artery flap were
marked on the patient's abdominal wall. Flap perfusion was quantitatively assessed by
measuring blood flow, velocity, capillary oxygen saturation, and relative amount of hemoglobin
for each zone preoperatively, after tumescent solution infiltration, following elevation of the
flap on a single perforator, and after deep and superficial liposuction, respectively.

The measurements taken after elevation of the flap were not significantly different
than measurements taken after the liposuction procedures.

The liposuction procedure does not significantly alter the perfusion of perforator-
based abdominal flaps in the early period. The abdominal tissue discarded in a classic
abdominoplasty operation can be raised as a perforator flap and has been demonstrated to be a
unique model for clinical research.
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Liposuction, primarily used for aesthetic body contouring, has
been demonstrated to be a safe and effective method [1,2]. The
use of liposuction for flap debulking and contouring has been
described in reconstructive surgery practice as well [3-6]. There

are studies in the literature that have investigated the effect of li-

posuction on the perforator vessels of the lower abdominal wall
[7-12]. Although these studies have frequently evaluated the
perforators following abdominal liposuction by either using mi-
croangiography in fresh cadavers or color Doppler ultrasound in
patients, the immediate effect of liposuction on the perfusion of
the tissue has not been demonstrated. In the present study, a

perforator-based abdominal flap model was created in abdomi-

Copyright © 2017 The Korean Society of Plastic and Reconstructive Surgeons

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/
licenses/by-nc/4.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. | WWW.e-aps.org

109


http://crossmark.crossref.org/dialog/?doi=10.5999/aps.2017.44.2.109&domain=pdf&date_stamp=2017-03-15

Akdeniz Dogan ZD etal.  Liposuction of perforator flaps

noplasty patients, to quantitatively evaluate the effect of liposuc-
tion on the perfusion of tissues. In order to do this, a combined
laser-Doppler spectrophotometer (CLDS) was used. The
CLDS device has been used in several studies to assess zonal
perfusion patterns of the deep inferior epigastric artery perfora-
tor (DIEP) flap [13-15]. The aim of this study was to quantita-
tively assess the perfusion of an abdominal flap isolated on a sin-

gle perforator using CLDS.

METHODS

Nine female patients undergoing classic abdominoplasty were
included in the study. Each patient’s age and operation time, as
well as the amount of tumescent solution infiltrated and the
amount of liposuction performed, were recorded. The patient’s
blood pressure and oxygen saturation were measured before an-
esthesia. Informed written consent was obtained from all ab-
dominoplasty patients. This study was approved by our hospi-
tal’s local Ethics Committee of Clinical Research (protocol no.
09.2012.0103).

Surgery

Excess tissue in the lower abdomen was marked on each patient
in standing position. After the patient was placed under anesthe-
sia, perforators were located using a hand-held Doppler ultra-
sound. Four zones of perfusion of the DIEP flap were marked, as
described by Holm et al. [16] (Fig. 1). Gridlines were drawn to

turther divide each zone into 6 sub-zones to provide mean values

Fig. 1. Markings on the abdominal flap

Perforators were marked with a hand-held Doppler ultrasound de-
vice. The abdominally based perforator flap was divided into 4
zones as described by Holm et al. [16].
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for each zone. The abdominal flap, above and below the Scarpa
fascia, was infiltrated with tumescent solution (1:1,000,000
adrenalin). The flap was raised above the rectus fascia and the
previously marked perforators were isolated (Fig. 2). The perfo-
rators were subjectively assessed using a hand-held Doppler ul-
trasound and the weaker perforators were ligated. The flap was
anchored back on the abdomen using a stapler, and deep (be-
neath the Scarpa fascia) and superficial (above the Scarpa fascia)
liposuction procedures were performed using a 3-mm blunt-tip
three-hole cannula under 600 mm Hg negative pressure for S
minutes or until 300-mL volume was reached. The amount of
aspiration was recorded.

The probe of the CLDS (O2C, Oxygen to See, LEA Mediz-
intechnik, Giessen, Germany) was placed on each sub-zone and
measurements for 4 different parameters were arbitrarily re-
corded: capillary venous oxygen saturation (SO.), relative
amount of hemoglobin (rHb), relative blood flow (flow), and
blood flow velocity (velocity). The mean value of each parame-
ter was calculated for each zone. In addition, blood pressure and
oxygen saturation of the patient were recorded. The patients all
underwent operations in the same operation room. Core body
temperatures were monitored. Measurements were taken at 5
different points in time: before and after tumescent solution in-
jection, following isolation of the perforator vessel, and after
deep and superficial liposuction procedures, separately.

After the measurements were completed, the perforator was li-
gated and the flap was excised. The operation was continued as
a classic abdominoplasty with rectus muscle plication and ab-

dominal flap suturation.

Statistical analysis
Statistical analysis was performed using Graphpad Instat ver.

Fig. 2. Elevation of the flap

Perforators were bilaterally
preserved throughout flap
elevation and the domi-
nant perforator was sub-
jectively determined with
the help of a hand-held
Doppler device. After liga-
tion of the weaker perfo-
rators, the flap was raised
on a single perforator.
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3.05 (Graphpad Software Inc, La Jolla, CA, USA). According to
data distribution, the repeated-measures analysis of variance
(ANOVA) test or the Friedman nonparametric ANOVA test
was used to compare measurements taken at different points in
the surgical process. To further localize significant differences,
the Student-Newman-Keuls multiple pairwise comparison test
or the Dunn test was performed. A P-value <0.0S was consid-

ered statistically significant.

The mean age of patients was 41.8 £6.5 years. The average
amount of fat removed was 198.3+56.2 mL. The average
amount of tumescent solution injected was 716.7 £93.5 mL.
The mean systolic blood pressure value was 103 £+ 12.9 mm Hg;
the mean diastolic blood pressure was 63 + 8.6 mm Hg. Body
temperature was maintained around 36.5°C.

Measurements taken after isolation of the flap on a single per-

forator were not significantly different compared to measure-

Time intervals Zone | Zone Il Zone Il Zone IV
Capillary venous
oxygen saturation
Bas 28.8+128 2551145 234+136 223+16.0
P-T 26.3+141 230+163 21.4+157 2414149
Pl 204+134 198+152 188+166 16.1+£17.9
DLL 196+117 1871148 16.4+£129 152+145
SLL 220+146 183+154 165+144 157+134
Relative amount of
hemoglobin
Bas 444+96 4561108 458+92 472+82
P-T 417481 429+77 469+79 476+108
Pl 487+109 516+82 53.0+148 57.1+123
DLL 481+6.7 524+6.0 494+114 559+94
SLL 528+11.3 56.5+105 53.0+129 5741134
Relative blood flow
Bas 191+£99 218+104 199+113 224+99
P-T 19.3+£139 1944102 181+142 204+127
Pl 16.8+16.4 11.7+£90 134+150 7.1+34
DLL 152+115 11.8+£97 109+115 59+£30
SLL 12777 9.9+6.6 9.9+10.1 54+29
Blood flow velocity
Bas 111£13 112+£13 109+£18 11.9£11
P-T 102+18 108%+20 102+15 123+28
Pl 10.0t£1.4 9.0+17 88+17 71+£23
DLL 9.4+17 81420 8.8+25 71+24
SLL 93+17 83+1.9 9.0£2.0 6.9+27

Values are presented as mean % standard deviation. Note that the values are
arbitrary.

Bas, basal value, before injection of tumescent solution; P-T, post-tumescent, after
injection of tumescent solution; PI, post-isolation of perforator, after isolation of
perforator; DLL, after deep layer liposuction; SLL, after superficial layer liposuction.
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ments taken after deep or superficial liposuction in any of the
zones. The results of measurements for each zone are summa-
rized in Table 1.

For the purposes of this study, only significant differences after

liposuction procedures are mentioned in the text and graphs.

Zonel

ANOVA showed significant differences at different time points
for capillary venous oxygen saturation (P =0.005), rHb (P=
0.035), blood flow (P=0.006), and blood flow velocity (P=
0.041). Capillary venous oxygen saturation was significantly low-
er after deep (P <0.05) and superficial (P <0.05) liposuction
compared to preoperative values. rHb was significantly higher
following superficial liposuction compared to post-tumescent
values (P <0.05). Flow dropped significantly following superfi-
cial liposuction compared to preoperative values (P <0.05). Ve-
locity (P <0.05) was significantly lower after superficial (P <
0.05) and deep liposuction (P < 0.05) compared to preoperative
values. None of the parameters showed a significant difference
following either of the liposuction procedures compared to val-

ues recorded after isolation of the perforator (Fig. 3).

Zonell

ANOVA showed significant differences at different time points
for rHb (P=0.008), blood flow (P=0.001), and velocity (P=
0.001). The difference in capillary venous oxygen saturation was
not significant among different time points (P =0.38). rHb was
significantly higher after superficial liposuction compared to
post-tumescent values (P < 0.01) and preoperative values (P <
0.05). Flow was significantly lower after superficial liposuction
compared to preoperative values (P < 0.01). Velocity significant-
ly dropped after deep liposuction compared to preoperative
(P<0.01) and post-tumescent values (P <0.01). Velocity also
decreased significantly after superficial liposuction compared to
preoperative values (P <0.01) and post-tumescent values (P <
0.01) (Fig. 4).

ZoneIll

Capillary venous oxygen saturation (P=0.28) and rHb (P=
0.32) were not significantly different at different time points.
Flow (P <0.001) and velocity (P=0.004) were significantly dif-
ferent at different time points. Flow was significantly lower after
deep liposuction compared to preoperative (P < 0.05) and post-
tumescent (P < 0.05) values. Flow also significantly dropped af-
ter superficial liposuction compared to preoperative values
(P<0.01) and post-tumescent values (P <0.01), separately. Ve-
locity dropped significantly after deep and superficial liposuction
compared to preoperative values, separately (P < 0.05) (Fig. 5).
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Fig. 3. Graphical representation of Zone | measurements

Significant differences are marked with an asterisk. Bas, basal value, before injection of tumescent solution; P-T, post-tumescent, after injection of tu-
mescent solution; P, post-isolation of perforator, after isolation of perforator; DLL, after deep layer liposuction; SLL, after superficial layer liposuction.

*P<0.05.
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Fig. 4. Graphical representation of Zone Il measurements

Significant differences are marked with an asterisk. Bas, basal value, before injection of tumescent solution; P-T, post-tumescent, after injection of tu-
mescent solution; P, post-isolation of perforator, after isolation of perforator; DLL, after deep layer liposuction; SLL, after superficial layer liposuction.

*P<0.05.
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Fig. 5. Graphical representation of Zone Ill measurements

Significant differences are marked with an asterisk. Bas, basal value, before injection of tumescent solution; P-T, post-tumescent, after injection of tu-
mescent solution; P, post-isolation of perforator, after isolation of perforator; DLL, after deep layer liposuction; SLL, after superficial layer liposuction.
*P<0.05.
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Fig. 6. Graphical representation of Zone IV measurements

Significant differences are marked with an asterisk. Bas, basal value, before injection of tumescent solution; P-T, post-tumescent, after injection of tu-
mescent solution; P, post-isolation of perforator, after isolation of perforator; DLL, after deep layer liposuction; SLL, after superficial layer liposuction.
*P<0.05.
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Zone IV
Capillary venous oxygen saturation (P <0.001), flow (P <
0.001), and velocity (P <0.001) were significantly different at
different time points. The rHb was not significantly different at
different time points (P =0.057). Capillary venous oxygen satu-
ration was significantly lower after deep (P < 0.01) and superfi-
cial (P <0.05) liposuction compared to post-tumescent values.
Flow was significantly lower after deep liposuction compared to
preoperative (P <0.01) and post-tumescent (P <0.05) values.
Flow also significantly dropped after superficial liposuction com-
pared to preoperative values (P < 0.001) and post-tumescent val-
ues (P < 0.01), separately (Fig. 6). Velocity was significantly low-
er after deep liposuction compared to preoperative (P <0.001)
and post-tumescent values (P < 0.001). Velocity also significantly
dropped after superficial liposuction compared to preoperative
(P<0.001) and post-tumescent values (P < 0.001).

Regarding the 4 parameters, measurements taken after isola-
tion of the flap on a single perforator showed no significant dif-
ference in any of the abdominal zones, compared to values fol-

lowing deep or superficial liposuction.

In the present study, the perforator-based abdominal flap was
chosen as a model for investigating the effect of liposuction on
perforator flaps. The ease of elevating the flap in an abdomino-
plasty patient, without causing significant morbidity, made it an
ideal option for clinical research. The aim of this study was to
demonstrate the effect of liposuction on the oxygenation of the
perforator-based abdominal flap. There are controversial results
in the literature regarding the effect of liposuction on the perfo-
rators of the abdominal wall. In an experimental studyj it has
been demonstrated that there is an increased risk of necrosis in
skin flaps raised from an area where previous liposuction was
performed [17]. In a clinical study, Inceoglu et al. [7] have
shown that half of the perforator vessels marked preoperatively
using color Doppler ultrasound could not be detected 2 weeks
or 3 months postoperatively in patients undergoing liposuction.
Since there was no significant difference regarding the number
and location of these perforators on both postoperative Doppler
examinations, they concluded that the decrease in the number
of perforators was neither progressive nor reversible throughout
the follow-up. On the other hand, Salgarello et al. [8], using col-
or Doppler ultrasound, reported that all the perforators present
preoperatively were also detectable 6 months after liposuction.
The authors have also reported that there was no significant al-
teration in mean arterial flow or mean diameter of the arteries.

In a cadaver study, histologic examination on the abdominal
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perforators after liposuction showed that the perforators remain
intact following the procedure [10]. Endoscopic observation
during liposuction also demonstrated intact perforators [11].
Emeri et al. [12], using microangiography techniques in fresh
cadavers, also reported that liposuction does not damage perfo-
rator vessels. In another cadaver study comparing ultrasound-
assisted liposuction and conventional liposuction, Blondeel et
al. [9] demonstrated that neither technique was less damaging
than the other. These studies mostly demonstrate, using differ-
ent techniques, the number of perforators that remain intact af-
ter liposuction of the abdominal wall. Other clinical studies on
flap thinning only report survival rates following the procedure
[18]. In the present study, the effect of liposuction on the oxy-
genation of a perforator flap model was quantitatively demon-
strated and compared. The measurement method used in this
study was validated in previous experimental studies [19]. The
device allows quantification of tissue perfusion. The Doppler
shift caused by the movement of erythrocytes is analyzed and
displayed as blood flow velocity. The laser signal correlates with
the number of moving erythrocytes in the tissue. The system
uses this quantity together with velocity to calculate blood flow.
It also uses white light to detect oxygen saturation (SO,) and
rHb [14]. Using this device, the oxygen supply to the microcir-
culation of blood-perfused tissues can be determined. The O2C
system presents more precise data on local oxygen supply com-
pared with measurement of tissue partial oxygen pressure,
which remains constant during changes in capillary blood flow
rate or oxygen consumption [20]. Flow was demonstrated to be
a better predictor of tissue perfusion while rHb and SO, failed
to predict tissue necrosis [21]. The rHb may increase after flap
isolation due to congestion. Again, capillary venous oxygen sat-
uration represents relative ischemia due to congestion. There-
fore, these 2 parameters give more information on the venous
status, whereas blood flow velocity and flow represent arterial
inflow.

Our knowledge of the perfusion zones of the DIEP flap was
introduced by Hartrampf et al. [22], and was later modified by
Holm et al. [16] using fluorescent perfusion techniques. In this
present study, abdominal zones were divided according to the
description of Holm et al. [16]. Knowledge of the perfusion pat-
terns of the lower abdominal tissue flaps allowed a more accu-
rate comparison of perfusion parameters according to zone con-
cept. For each zone, the average of measurements taken from 6
sub-zones were calculated and compared at S different points.
In zones II, III, and IV, velocity dropped constantly following
isolation of the flap on a single perforator. This has also been re-
ported in other studies evaluating DIEP perfusion zones using
CLDS [14], and is expected in perforator flaps due to the tem-
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porary decline in arterial inflow following flap elevation. In
zones [-1V, flow also declined as a result of the vasoconstrictor
effect of the tumescent solution. A drop in venous capillary oxy-
gen saturation in zones I-IV and an increase in the rHb in zones
I'and II represent venous congestion due to isolation of the flap
on a single perforator. However, measurements were not signifi-
cantly different after liposuction procedures compared to mea-
surements taken after isolation of the perforators. Hence, once
the flap was elevated, liposuction procedures did not significant-
ly alter the tissue perfusion. Rozen et al. [23] demonstrated that
the cutaneous course of DIEPs defines guidelines for flap thin-
ning. The authors described extensive branching of the perfora-
tor occurring just superficial to the Scarpa fascia. These branch-
es radiate obliquely within the superficial layer of adipose tissue
(the Camper fascia) to reach the subdermal plexus, where the
majority of the anastomoses with adjacent perforators occurred.
Therefore, the authors suggested the Scarpa fascia as a useful
anatomical landmark for safe thinning. Flow values measured
after the isolation of the perforator were not significantly differ-
ent than flow values measured after liposuction. This may be at-
tributed to anastomosis between perforasomes in the subder-
mal level. Since the exact location of the perforator was known
to the operator, this may have caused him to avoid injuring the
vessel. Nevertheless, liposuction was performed on the whole
flap evenly and the perfusion parameters demonstrate that the
vascular network was preserved. Even though this study does
not demonstrate whether the single perforator was damaged or
not, quantitative analysis of tissue perfusion gives insight into
the liposuction effect on the vascular network.

In conclusion, abdominal tissue classically discarded in ab-
dominoplasty procedures was created as a perforator flap model
for the purpose of this study. We believe this to be a unique
model for clinical research. Alterations in the arterial and venous
statuses of the flaps were mostly attributed to the tumescent ef-
fect and ligation of the contralateral perforators, since no signifi-
cant decline was observed after liposuction procedures com-
pared to measurements taken after isolation of the perforator.
Since the study was conducted on patients undergoing classic
abdominoplasty procedures, the results only reflected data on
the immediate period after the liposuction procedure. Further
studies should be carried out to obtain data on the long-term ef-
tects of liposuction procedures on perforator flaps.
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