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Background: The gracilis muscle flap is a popular choice in reconstructive surgery
to repair soft tissue defects or for functional restoration. Little is known on the
influence of postoperative application of VAC (vacuum-assisted closure; Kinetic
Concepts Inc., San Antonio, Tex.) therapy on perfusion and postoperative flap
edema of free gracilis muscle flaps.

Methods: In total, 26 patients with soft tissue defects of lower extremity under-
went gracilis muscle flap reconstruction. The study group (VAC, n = 13) was sup-
plied with postoperative negative pressure therapy as a dressing; the control group
(NVAC, n = 13) was supplied with conventional fat gauze dressing. Postoperative
measurements of micro- and macroperfusion were performed intraoperatively, on
postoperative day (POD) 3 and POD 5. Flap edema measurement was performed
intraoperatively, on POD 5 and 2 weeks after operation.

Results: The VAC group showed significantly better macroflow during intraopera-
tive VAC treatment, as well on POD 3 and POD 5. Venous outflow was also better
with lower hemoglobin levels. Microflow was better in the NVAC group with higher
measured oxygen levels. All gracilis muscle flaps of the VAC group showed signifi-
cantly less flap edema compared with the control group.

Conclusions: VAC application on free gracilis muscle flaps leads to significantly
less postoperative flap edema, improved arterial macroflow, and improved venous
outflow. VAC therapy can be used without any danger for patient’s safety, as flap
survival is not endangered, and presents an easy to handle and pleasant dressing
regimen for nursing staff and patients. (Plast Reconstr Surg Glob Open 2023; 11:¢4964;

doi: 10.1097/GOX.0000000000004964; Published online 28 April 2023.)

Vacuum-assisted closure (VAC) therapy can be used
to improve wound healing, reduce wound secretions, and
lower bacterial load, therefore guaranteeing a safer wound
environment."* Furthermore, VAC treatment may reduce
postoperative flap edema, leading to better flap macro-
and microcirculation.” It reduces ischemia/reperfusion-
associated inflammatory response of free-transplanted
tissue, and reduced interstitial edema leads to a reduced
number of apoptotic cells in free-transplanted tissue.* All
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these benefits lead to an improved functional and aes-
thetic outcome with shorter hospital stays and more satis-
fied patients.

Most publications on VAC therapy focus on wound
conditioning through wound cleaning, generation
of granulation tissue, induction of neo-angiogenesis,
approximation of wound margins, and reduction of inter-
stitial edema."**'" In addition, some reports discuss the
use of VAC therapy to fix split-thickness skin grafts on free
muscle flaps.'="7

In 2018, Chim et al applied VAC on free transplanted
muscle flaps of lower extremity to study the effect of
VAC therapy on postoperative flap edema. Their results
showed that immediate application of VAC on free muscle
flaps of lower extremity did not compromise flap survival
nor overall outcomes and resulted in decreased flap thick-
ness and a better aesthetic outcome.” The aim of this study
was to investigate effects of the VAC therapy on micro- and
macroperfusion of free gracilis muscle flaps to better eval-
uate its use and potential benefits. Lack of data regarding
micro- and macrocirculation, flap edema, and therapeutic
outcomes may be a possible explanation for its limited use
in free flap surgery.

Disclosure statements are at the end of this article, fol-
lowing the correspondence information.
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A prospective, randomized, single center study was
conducted at Munich Hospital Bogenhausen (Germany).
Before conducting the study, ethical approval was
obtained through the federal chamber of Bavarian phy-
sicians (ethic proposal number: 14087). The study was
planned and conducted in accordance with the World
Medical Association Declaration of Helsinki (June 1964)
and subsequent amendments.

This prospective case-control study focused on
patients with a soft tissue defect of the lower extremity,
requiring free flap surgery to cover the defect. Inclusion
criteria were patients with a soft tissue defect of the lower
extremity who were planned for a free gracilis muscle
flap with split-thickness skin graft, minimum age of 18
years, American Society of Anesthesiologists classifica-
tion of I or II, and international normalized ratio within
normal range of 0.9-1.2. Exclusion criteria were patients
who were not fit to undergo general anesthesia, patients
with any form of coagulopathy, patients under ongoing
chemotherapy, and patients diagnosed with diabetes
mellitus. Smoking, arterial hypertension, and hypercho-
lesteremia were not seen as exclusion criteria. However,
because there has only been one clinical study on this
association regimen to date, these high-risk patients
were excluded in order not to endanger patient safety.’
An informed consent was obtained of every included
patient.

All included patients received either VAC therapy on
gracilis muscle flap immediately after flap transfer and
placement of skin graft (study group = the VAC group)
or were treated with conventional dressings, consisting of
fat gauzes with absorbing dressings (control group = the
NVAC group). VAC therapy settings were 125 mm Hg, con-
tinuous pressure.

Because none of the studies conducted on this sub-
ject provided any information about the ideal applied
VAC pressure, 125 mm Hg was set after no critical signs
of ischemia of muscle flaps were detected in initial test
runs.

Both the removal of the VAC dressing of the study
group and change of fat gauze of the control group on
postoperative day (POD) 4 and POD 14 were carried out
in patient’s bed with help of intravenously administered
analgesic medication.

Clinical Analysis
In all included patients, the following parameters were
measured:

1. Arterial Macrocirculation:

Macrocirculation was measured with an implant-
able Cook-Swartz Doppler probe (Cook Medical,
Bloomington, USA). Cook-Swartz Doppler probe
was applied next to arterial pedicle using fibrin glue.
Measurements took place intraoperatively before VAC
placement, during first VAC activation, after VAC acti-
vation, on POD 3, and on POD 5. Sensitivity of Cook
Medical Probe was measured at 100% in a 2015 study by
Frost et al."
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Question: What influence does vacuume-assisted closure
therapy have on micro- and macroperfusion and postop-
erative flap edema in lower leg reconstructions using free
gracilis transfer?

Findings: Vacuum-assisted closure application to free
gracilis flaps significantly improves macroperfusion and
results in significantly less postoperative flap edema.
Improved microperfusion is also evident.

Meaning: Vacuum-assisted closure can be easily applied to
free gracilis muscle flaps postoperatively without endan-
gering the flap.

2. Venous Microcirculation:

Microcirculation was measured by an O2C laser
Doppler and tissue spectrometry (LEA Medical Technique
cooperation, Gielen, Germany). With help of O2C device,
blood flow conditions in tissues can be displayed in a non-
invasive manner using laser Doppler spectroscopy and tis-
sue spectrometry. The recorded measurement parameters
include information on blood flow and oxygen levels as
well as capillary-venous saturation of hemoglobin, relative
blood flow, blood flow speed, and current blood filling of
microvessels.

The O2C device consists of a computer and a mea-
suring probe, which has a laser Doppler and a white
light source. Both signals are emitted by the probe and
reflected back to the corpuscular blood components.
The above values can be calculated using the reflected
signals.

The O2C probe was put in place directly on the split
thickness skin graft of all flaps by suturing the probe into
the flap. Probe was removed on POD 5. A study carried
out in 2002 regarding the variance of the O2C measuring
system showed a variance of 5%."

3. Flap Edema:

Flap edema was measured by using a 3D scan D Spider
(RSI 3-D Systems, Oberusel, Germany). All gracilis flaps
were marked by using anchor points, made of sutures or
plaster strips. Volume of each flap was calculated by ana-
lyzing changes in relative position between anchor points
individually within the flap (Fig. 1). All measurements of
postoperative flap edema in both control and study groups
were carried out immediately postoperatively without any
wound dressing, as well as at POD 5 and POD 14.

Measurement of postoperative flap edema was vali-
dated by meticulously making sure when applying flap
markings that those markings with suture material or with
Steristrips are located at anatomical sites that have as little
mobility as possible (bony prominences, such as malleoli
med. and lat., calcaneus). It was also always ensured that
flaps of the control group were always wrapped only with
fat gauze and a large compress and were therefore not
exposed to any manipulation of the wound. Additional
perioperative measurements were analyzed, including
ischemia time, type of arterial anastomosis, and venous
anastomosis.
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Fig. 1. Scanned lower left leg. Flap edema measurement was per-
formed intraoperatively, on POD 5 and 2 weeks after the opera-
tion. All three scans were projected on top of each other and flap
edema was calculated.

RESULTS

Average age of patients at the time of reconstruction
was 50.4+18.9 years (Table 1). In total, 11 patients were
women (42.3%) and 15 were men (57.7%). Sex, comor-
bidities, and smoking history were equally distributed
between both groups.

Table 2 shows perioperative data. Ischemia time was
similar between both the VAC and NVAC group with an
overall mean ischemia time of 62.5+18.9 minutes. All
micro-anastomoses were performed in an end-to-end
fashion.

For reasons of standardization, care was always taken to
ensure that flap inflow was anterograde. All flap locations
were on the forefoot. Below that, an anatomical area was
defined, which begins distal to both malleoli and extends
to the toes.

In the control group, 11 flaps were anastomosed to two
veins, whereas in the study group, 10 flaps were anasto-
mosed to two veins. Remaining flaps (the control group:
two flaps; the study group: three flaps) were placed on
one vein for anatomical reasons. In the control group, 10
flaps were anastomosed to the deep vein system; in the
study group, this was the case in nine flaps. Remaining
flaps (the control group: three flaps, the study group: four
flaps) were connected to the superficial venous system for
anatomical reasons.

Table 1. Patient Demographics

Total VAC NVAC

No. patients 26 13 13
Men 15 8 7
Women 11 5 6
Mean age (y) 50,4 51.5 49.3
Comorbidities

Diabetes mellitus 4 2 2

Arterial hypertension 6 3 3

Hypercholesterolemia 1 0 1
Active smokers 4 2 2

VAC = the study group; NVAC = the control group.

Table 2. Perioperative Data

Total VAC NVAC

No. patients 26 13 13
Time of ischemia (min) 62.5 63.9 61.2
Type of anastomosis

Arterial end-to-end 26 13 13

Venous end-to-end 26 13 13
Primary revision 0
Secondary revision 2 1 1

No anastomosis revisions were required. Each study
group had one patient in whom a small secondary revision
was necessary, due to a wound healing disorder requiring
a second piece of split-thickness graft.

Macroperfusion

Arterial macroflow already showed significant changes
during activation of VAC therapy (Table 3 and Fig. 2).
During first VAC activation, there was a significant increase
in macroflow, followed by a decrease immediately after
VAC activation.

Furthermore, macroflow in the VAC group showed sig-
nificant higher flow rates on POD 3 and POD 5, compared
with the control group (Table 4 and Fig. 3). Macroflow
increased day after day during the first 5 days postopera-
tively in the VAC group, when compared with a continu-
ous decrease in macroflow in the NVAC group.

Microperfusion
Regarding venous outflow, microperfusion analysis in
both groups showed a nonsignificant decrease of oxygen

Table 3. Measured Macroflow before VAC Activation, dur-
ing the First VAC Activation and Immediately Post VAC
Activation in the VAC Group

Macroflow (cm/s) P
Before VAC activation 0.01 0.000
During VAC activation 0.05 0.104
Immediately post VAC activation 0.02 0.003
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Fig. 2. Graphical representation of the macroflow before VAC
activation, during first VAC activation, and immediately post VAC
activation, in the VAC group.
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Table 4. Comparison of the Macroflow on POD 0, POD 3, and POD 5 between the VAC and NVAC Group

Macroflow POD 0 (cm/s)

Macroflow POD 3 (cm/s) Macroflow POD 5 (cm/s)

Mean VAC 3.69 5.34 7.96
NVAC 2.64 1.13 0.76
SD VAC 5.65 5.24 8.05
NVAC 2.62 1.25 0.91
Median VAC 2.09 3.12 3.30
NVAC 2.60 0.81 0.49
Valid n VAC 13 13 13
NVAC 13 13 13
P 0.797 0.015 <0.005
course of the first five postoperative days, as well as during
251 the first 14 days postoperatively (Table 7; Figs. 5-7)
L 207 l Wound Fluid Volume
£ Volume of wound fluid aspirated through VAC pump
-;- 15— =gg increased consistently from POD 0 to POD 14 (Table 8).
3 Cps
g 10— o
£ Flap Mobility
In all gracilis flaps, adapted flap training was carried
d L ° N out on POD 6 using a flap dangling protocol. Because this
1 i ; I study is designed as a pilot study, all postoperative edema
0 i i :
T T — measurements were only carried out in the first 14 post
VAC Group Non VAC Group

Fig. 3. Graphic representation of the comparison of the macro-
flow on POD 0, POD 3, and POD 5 between the VAC and NVAC

group.

saturation from POD 0 to POD 3, as well as from POD
3 to POD 5, and overall, from POD 0 to POD 5 (Fig. 3
and Table 5). Initial decrease in oxygen saturation for the
first 3 days postoperatively was higher in the VAC group,
followed by a stronger decrease in oxygen saturation in
the NVAC group in following days (POD 3 to POD 5, and
overall, from POD 0 to POD 5). Venous hemoglobin levels
on POD 3 and POD 5 showed nonsignificant higher levels
in the NVAC group (Table 6 and Fig. 4).

Flap Edema

Flap edema measurements in the VAC group showed
a significant decrease of flap volume, compared with
an increase of flap volume in the NVAC group over the

operative days.

DISCUSSION

In 2007, Machen et al showed that application of VAC
therapy on free muscle flaps may lead to reduced post-
operative flap edema without critical reduction of blood
supply.® Similar findings were published in 2012, when
Eisenhardt et al detected significant lower levels of inflam-
matory factors in muscle flaps treated with negative pres-
sure wound therapy, as well as reduced flap edema.' Safety
of VAC on free muscle flaps was again proven in 2018.
Postoperative flap edema was studied as well through
sequential metric measurements.

In our study, we have analyzed postoperative flap
edema by means of a 3D scan, which delivers a more
objective and accurate result. We have proven that VAC
treatment of free muscle flaps significantly reduces post-
operative flap edema the first 14 days after surgery. Not
only does this result in enhanced postoperative patient
mobility, but final aesthetic aspect of the flap is improved

Table 5. Oxygen Saturation of the VAC and NVAC Group of A POD 0-POD 3, A POD 3-POD 5, and A POD 0-POD 5

A SO2 POD 0-POD 3

A SO2 POD 3-POD 5 A SO2 POD 0-POD 5

Mean VAC -3.70 -1.18 —4.88
NVAC -2.99 -8.18 -10.46
SD VAC 9.61 12.38 15.43
NVAC 8.33 10.91 12.51
Median VAC -0.93 1.53 1.07
NVAC 0.00 -5.80 -10.80
Valid n VAC 13 13 13
NVAC 13 13 13
Asympt. significance (two-tailed) 0.626 0.106 0.158
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Table 6. Venous Hemoglobin Levels on POD 0, POD 3, and POD 5 in the VAC and NVAC Group

rHb POD 0 rHb POD 3 rHb POD 5
Mean VAC 52.78 52.74 67.11
NVAC 68.39 62.36 80.58
SD VAC 16.45 15.97 21.58
NVAC 34.89 24.57 37.84
Median VAC 54.40 53.53 66.40
NVAC 57.87 56.07 61.60
Valid n VAC 13 13 13
NVAC 13 13 13
P 0.228 0.270 0.555
There are several theories on increase in macroflow,
both intraoperatively and postoperatively, in the VAC
150~ * group: during first VAC activation, acquired negative pres-
* sure may lead to a passive squeezing of venous capillary
1257 . wound bed. This in turn may lead to a faster arterial inflow
N due to resulting flow gradient.”’
2 100 . =gg In the early postoperative period, reduced intramus-
4 Cps cular flap edema in the VAC group may reduce external
757 compressive forces on arterioles and venules, thus induc-
ing vasodilation with higher flow rates.?’ This may explain
20 the continued increase in macroflow on POD 3 and POD
5, as reported in our study.
2 Interestingly enough, patients who received VAC treat-

T T
VAC Group Non VAC Group

Fig. 4. Hemoglobin levels on POD 0, POD 3, and POD 5 of the
study and control group.

as well, with lower need for additional surgery, mainly
muscle flap thinning.*"” Furthermore, application of
VAC on a skin grafted muscle flap reduces the number of
dressing changes within the first five postoperative days,
which both reduces workload of nursing staff, as well as
discomfort and experienced pain by patients with every
dressing change.

During initial intraoperative VAC activation, a sig-
nificant increase in macroflow was measured by Doppler
probe. This finding confirms that sudden, and sometimes
worrisome, VAC aspiration does not threaten flap perfu-
sion, nor poses an acute danger on flap survival. Moreover,
macroflow continued to increase under VAC-therapy dur-
ing the first 5 postoperative days, in contrast to a decrease
of macroflow in the control group.

ment on their free flap showed a higher decrease of oxy-
gen saturation during the first three postoperative days
compared with NVAC patients. This phenomenon could
be explained by reactive spastic vasoconstriction in the
superficial part of the flap, resulting in reduced oxygen
saturations.”” However, it should be emphasized that there
were no wound healing disorders or reduced adherence
of split thickness skin grafts in the VAC group. Reduced
oxygen levels therefore do not seem to have much rele-
vance in terms of clinical outcome.

Another benefit of VAC application is resulting
improved venous outflow, as shown by lower venous hemo-
globin levels. The lower the venous hemoglobin level, the
higher the venous outflow of the flap.” The VAC group
showed lower hemoglobin levels on POD 0, POD 3, and
POD 5, compared with the NVAC group. A possible expla-
nation may be that flaps treated by conventional dressings
develop a higher degree of intramuscular edema, which
may lead to passive compression of venules and, thus,
reduced venous outflow.

Table 7. Flap Edema of the VAC and NVAC Group of A POD 0-POD 5, A POD 5-POD 14, and A POD 0-POD 14

A Flap Edema D 0-D5 (mm?)

A Flap Edema D5-D14 (mm®) A Flap Edema D0-D14 (mm?)

Mean VAC -29.23 -53.54 -82.77
NVAC 95.20 -45.92 49.29
SD VAC 50.85 102.82 133.88
NVAC 141.30 116.54 55.40
Median VAC -7.83 -27.53 -33.27
NVAC 44.10 -1.79 38.81
Valid n VAC 13 13 13
NVAC 13 13 13
Asympt. significance (two-tailed) 0.00 0.015 0.00
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Fig. 5. Flap edema of the study and control group of A POD 0-
POD 5.
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Fig. 6. Flap edema of the study and control group of A POD 0-
POD 14.
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Fig. 7. Flap edema of the study and control group of A POD 5-
POD 14.

Our study aimed to investigate whether VAC appli-
cation on the free gracilis muscle flap and associated
negative pressure may negatively influence the blood
circulation. A negative effect of VAC application on
flap microperfusion would be proven through reduced
oxygen levels and increased venous hemoglobin levels
because of venous stasis. Neither of those were found in
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Table 8. VAC Aspirate in the VAC Group

VAC Aspirate VAC Aspirate VAC Aspirate

POD 0 (mL) POD 3 (mL) POD 5 (mL)
Mean 6.15 160.00 244.62
SD 15.57 88.03 124.94
Median 0.00 210.00 310.00
Valid n 13 13 13

our study. Furthermore, a reduction in micro-perfusion
may lead to the so-called shunt phenomenon, character-
ized by reduced blood circulation in superficial flap layers
(due to the negative VAC pressure) and reactive vasodila-
tion in deeper flap layers.” This reactive flap autoregu-
lation is caused by shifting hemodynamic pressures in
the flap with subsequently changing hemodynamic fea-
tures and potential influence on flap vascularization.”
VAC application induces a vasoconstriction in superfi-
cial flap layer during early postoperative period, as seen
by a reduced oxygen saturation in our study. Following
the shunt phenomenon, this superficial vasoconstric-
tion may induce a vasodilation in deeper flap layers,
thus potentially leading to an enhanced blood supply
with redistribution of blood from superficial to deep.
Our statistical analysis shows that vascularization of free
flaps in the VAC group is improved; however, an explana-
tion based in the shunt phenomenon remains a hypoth-
esis. The O2C probe used in this study has a measuring
depth of 7mm. Therefore, tissue layers deeper than
7mm could not be detected for improved oxygen levels;
this could be carried out in further studies by means of
an ultrasound probe with power Doppler. In addition,
it should be mentioned that all flaps in our study were
only monitored for a period of 2 weeks after operation.
No conclusions can therefore be drawn with regard to
further clinical evolution and outcomes of free flaps. A
longer follow-up time with measurements of deep micro-
flow would be interesting to understand the complexity
of intraflap vascularization in more detail.

We did not find any significant differences in flap
survival or flap vascularization, when considering certain
comorbidities, such as diabetes mellitus, arterial hyper-
tension, or hypercholesterolemia. Furthermore, no sig-
nificant differences were found between smokers and
nonsmokers. A longer flap ischemia time also did not
result in a degradation of flap outcome or vascularization.

Limitations of this Study

It should be noted that clinical postoperative period
was 14 days, with some guidelines suggesting keeping
VAC therapy on a wound bed for a maximum of 7 days.
Thus, no statement could be made regarding flap edema
after full mobilization of patients. Only a statement can
be made regarding postoperative flap edema after flap
dangling protocol, which was started on the sixth postop-
erative day. Likewise, statements regarding wound healing
capabilities or ability to take a skin graft were only made
in a postoperative period of 14 days. This certainly rep-
resents a limitation of our study and should therefore be
investigated in another study with a larger patient popula-
tion and a longer postoperative follow-up period.
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Furthermore, in the control group, depending on
wound secretion, fatty gauze and cotton swab dressing were
changed at least once a day, whereas in the VAC group, first
postoperative dressing change took place at POD 5.

Even if the exact workload of the nursing staff was not
measured, it can be assumed that workload for patients
in the study (VAC) group was less than in the control
(NVAC) group in the first five postoperative days. Similarly,
although no official postoperative pain evaluation score was
conducted, the pain level of patients in the VAC group was
lower than the pain level of patients in the control group, as
every dressing change may cause pain due to mobilization
of the leg and potential manipulation of the wound.

Because the postoperative study duration was only 2
weeks, we cannot conclude from this study if VAC therapy
reduces the need for secondary surgical flap thinning.
However, it can be assumed that this is the case since a
reduction of swelling in the flap may lead to reduced fibro-
sis, which in turn leads to an increase in muscle atrophy,
thus making the flap thinner. Although most of muscle
flap is likely to atrophy from motor endplate transection,
it can be hypothesized that reduced postoperative edema
may aid this atrophic process.”” However, this hypothesis
should be further investigated in a further clinical study
with a larger patient population.

The use of immediate VAC therapy in free muscle
flaps is still limited. However, our study has proven that
both macro- and microperfusion are enhanced thanks to
VAC application, and flap edema is reduced, resulting in
better functional and aesthetic outcomes.

The extent to which the application of VAC therapy
can be applied to other muscle flaps could not be demon-
strated in this study, but it can be assumed that this should
also be applicable to other flaps such as latissimus dorsi
flaps, as its safety in gracilis muscle flaps has been proven
with this study. However, to be able to confirm this with
certainty, a further study with other flap types (both mus-
cle and fascio-cutaneous flaps) and a larger patient popu-
lation should be carried out.

CONCLUSIONS

The routine use of VAC therapy on free gracilis flaps
leads to a significant reduction in postoperative flap
edema, as well as an improvement in macro- and microflow.
A clear recommendation for the use of VAC therapy on
transferred gracilis muscle flap transfer to lower extremity
can therefore be made. One might assume that other free
muscle flaps that follow the same physiological principles
may also benefit from VAC application. Despite the prom-
ising outcomes of this study, further research with longer
follow-up times and a larger patient population with more
critical clinical conditions is recommended to validate our
findings.
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