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At present, perforator flaps are a very popular technique in reconstructive surgery. However, in spite of the fact
that perforator flaps provide favourable aesthetic results, their use is often related to complications in the form
of transplanted tissue perfusion disorders.

OBJECTIVE — to investigate the possibility of optimising the blood supply at the flap donor site through the
application of cutaneous negative pressure (NP).

MATERIALS AND METHODS. The study was carried out from 2019 to 2021. A single-arm clinical trial consisted of
20 individuals who presented with deep wound defects requiring flap coverage. A dynamic thermography study
was conducted to examine the chosen donor site before and after dressing with NP,

REesuLts. The temperature measurements obtained from the two selected warm perforator points and the
point in the cool area between perforators prior to the application of NP showed a steady downward trend in
temperature. Specifically, the temperature in the cool area was observed to be lower by an average of —1.89°C
and —2.12°C as compared to warm points. The application of local NP had an impact on trend analysis of skin
temperature, which demonstrated a significant decrease in the differences between values seen in the cool and
warm areas. This effect was already noted after the first day of the NP system application, as evidenced by the
everyday data collection. The «levelling» of temperature curves was associated with temperature rises both in
the cool area and at the perforator exit points.

Concrusions. The findings obtained from thermography analysis suggest that the application of NP has the
potential to enhance blood circulation in the intended donor area. Therefore, it is plausible to discuss the pos-
sibility of improved microcirculation in the skin and the beneficial effect of local cutaneous NP application on
the state of anastomoses between perforators.
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At present, perforator flaps are a very popular tech-
nique in reconstructive surgery. However, in spite
of the fact that perforator flaps provide favourable
aesthetic results, their use is often related to com-
plications in the form of transplanted tissue perfu-
sion disorders.

Fundamental anatomical studies of skin blood
supply remain in the active phase. Ian Taylor’s angio-
somes theory, which was put forward in 1987 [21],
won acceptance and stimulated the development of
perforator flap surgery. In 2009, M. Saint-Cyr et al.
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[14] published the results of their research, where
they explained that to define and estimate the full
vascular area of one perforator, such a perforator
must be cannulated and counterstained in an iso-
lated way. This is of great clinical importance, as the
majority of flaps are based on one perforator. Thus,
knowledge of axial blood current, interaction with
adjacent perforators, and influence of the subdermal
plexus and fascia — all of those things are important
for perforator flap design. This study encompasses
a comprehensive examination of the anatomical
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aspects of perforator flaps, which were collected over
a period of three years [13, 15—17]. The majority of
the flaps included perforators that were cannulated
in anisolated way to evaluate the individual vascular
territory of the perforator; this territory was called
the «perforasome» (arterial). The vascular and per-
fusion territory of perforators is very complex and
variable. Nevertheless, some common principles
were reproduced in all the numerous injection stud-
ies of perforators. One of those principles lies in the
fact that each perforasome is connected to adjacent
perforasomes through two main mechanisms, which
include both direct and indirect vascular connec-
tions. Direct-connecting vessels are the large vessels
that are connected directly from one perforator to
another and can cover adjacent perforasomes via the
flow mechanism between perforators.

In 2011, Taylor et al. published their studies on per-
forasomes [20], and in 2013, the findings of the study
on true and choke anastomoses between perforator
angiosomes in various regions of the body and their
role in flap survival [18] were published. They indi-
cated in their studies that, as a rule, true anastomoses
between perforators are located parallel to nerves and
veins. The calibre of the blood vessels, which form
true anastomoses, does not change, while the vessels,
which form «chokes anastomoses, reduce their cali-
bre depending on their physiological state.

Thus, according to current anatomical theories,
each perforator has its own unique vascular arterial
territory, which is defined by the term «perfora-
some» (Fig. 14). A group of perforasomes connect-
ed with vascular subdermal anastomoses is defined
as <angiosome», or skin territory, which is fed by
one axial vessel and can be isolated and elevated on
such an axial perforator without the risk of ischemia
and tissue death (Fig. 1B).

Functional ability of subdermal vascular anas-
tomoses between individual perforasomes specifi-
cally defines survival probability for the flap distal
part, which contains perforasomes of the second
and third order (Fig. 2). Thus, theoretical data on
the perforator flap type and its anatomic features,
axial blood current, and interaction with adjacent
perforators via the subdermal plexus are critically
relevant in perforator flap design.

In 2013, Taylor et al. addressed the issue of iden-
tifying the state of anastomoses between perfora-
tors at the flap planning stage, suggesting for this
purpose the use of dynamic thermography [8]. The
infrared thermography method allows evaluating
the functional ability of subdermal vascular anasto-
moses between individual perforasomes and angio-
somes being included in the flap, which is reason-
ably acceptable for clinical practice.
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Figure 1. Schematic representation of the
perforasome, or individual vascular territory of an
isolated perforator (A). Schematic representation
of angiosome, or skin territory, which consists of

a group of perforasomes connected with vascular
subdermal anastomoses (B). The black marker shows
the flap design, which will include perforasomes with true
vascular anastomoses, while the introduction into the flap
of two other perforasomes connected with choke vessels
implies a high risk of ischemia and necrosis of this part of
tissue (On the left)

7

B

Figure 2. Schematic representation of mobilized
perforator flap containing perforasomes of the
second and third orders, which are vascularized
with true vascular subdermal anastomoses (A)
and the similar flap, where between the second
and third segments there are «choke» vessels
responsible for the development of ischemia
and necrosis in the distal part of the flap (B)

55



P.O. Badiul et al.

Currently, there is an ongoing investigation re-
garding the performance characteristics of anasto-
moses between perforators, with a focus on the pos-
sibility of influencing their state in order to trans-
form «choke» anastomoses into true ones [19]. Ad-
ditionally, there is a broader body of research aimed
at improving flap perfusion [5, 9].

Our research team initiated an investigation into
strategies for enhancing the blood supply in perfo-
rator flaps through the application of negative pres-
sure (NP) on the donor area skin. This technique
facilitates the opening of «choke» anastomoses be-
tween adjacent perforasomes. We use the NP meth-
od of acting upon the estimated donor area.

OBJECTIVE — to investigate the possibility of
optimising the blood supply at the flap donor site
through the application of cutaneous negative pres-
sure (NP).

Materials and methods

The study was carried out from 2019 to 2021.
A single-arm clinical trial consisted of 20 individu-
als, ages 25 to 70 (5 women and 15 men), who had
suffered full-thickness burns, injuries, or had had
surgeries resulting in deep defects requiring flap
coverage. The exclusion criteria were as follows:
cardiovascular diseases (decompensation stage),
atherosclerosis, obliterative vascular diseases, dia-
betes in the decompensation stage, acute cancer,
prior angioplasty, and systemic chronic diseases
(systemic lupus erythematosus, rheumatic dis-
ease). 9 of those patients underwent daily measure-
ments for a period of 5 to 7 days (Group 1). A to-
tal of 11 patients had the NP system taken off and
were subsequently assessed for outcome measures
on the 5th-7th day (Group 2).

The study methodology was as follows:

1. The anticipated donor area was subjected to
cooling by means of plastic bags that were filled
with 20°C to 22°C water and applied for 5 minutes;

2. Donor area temperature measurements were
taken using a Dali TE-W2 Thermal Image Camera
at 5, 10, and 15 minutes after cooling;

3. Two warm points of the perforator (Point 1,
Point 2) and a point in the cool area between per-
forators (Point3, Cold Point) were selected, and
the temperature at those points was evaluated
(Fig. 3A). Upon that, the cutaneous NP system was
placed in the cool area for 5—7 days (Fig. 3B).

4. Upon taking off the cutaneous NP system
and skin cold treatment, measurements were taken
once a day under the same conditions for 5 days
(Group 1). At that point, the NP system was placed
back in place after each measurement. Group 2 had
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the cutaneous NP system taken off and measure-
ments done on the 5th-7th day.

The NP pressure setting was maintained at a con-
tinuous value of —125mm Hg.

The temperature measurements at the selected
points and thermogram data visualisation were ob-
tained using Dali Thermal Images Analysis Report
Software.

Statistical analysis. Statistical analysis was per-
formed using descriptive and analytical statistical
methods [ 1] using Statistica 6.1 software (Palo Alto,
California, StatSoftInc.; serial No: AGAR909E-
415822FA).

Taking into account the normal law of test char-
acteristic distribution (Shapiro-Wilk criterion),
but with a small sample of the study, the descrip-
tive statistic was given as a mean (M), standard de-
viation (SD), and 95 % confidence interval for the
mean (95 % CI), and as a basis for comparison, we
used the Wilcoxon signed rank test and the Mann-
Whitney U-test for independent samples.

2-tailed 5 % significance (p <0.05) was used for
all analyses.
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Figure 3. Thermography of the anticipated donor
area, where perforator exit points and the point in
the «cool» area are defined (A). Next, the skin NP
system is placed on this area (B)
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Results

The temperature measurements obtained from
the two selected warm perforator points (Point 1,
Point2) and the point in the cool area between
perforators (Point 3) prior to the application of the
cutaneous NP system showed a steady downward
trend in temperature (p <0.1). Specifically, the tem-
perature in the cool area was observed to be lower by
an average of —1.89°C (95% CI —2,27... —1.51°C) as
compared to Point 1, and —2.12°C (95% CI —-2.54...
—1.69°C) as compared to Point 2 (Table 1).

The application of local NP in Group 1 had an
impact on the trend analysis of skin temperature,
which demonstrated a significant decrease in the
differences between values seen in the cool and
warm areas. This effect was already noted after the
first day of the cutaneous NP system application, as
evidenced by the everyday (during 5—7 days) data
collection (Table 2). The «levelling» of temperature
curves was associated with temperature rises both
in the cool area and at the perforator exit points.

The rate of skin temperature increase in Point 1
and Point 2 in the patients of Group 1 ranged from
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1.78°C (5.6 %) and 1.40°C (4.4 %) on the second
day after the cutaneous NP system was placed to
2.82°C (8.9%) and 2.52°C (7.8 %) as compared to
the basic value after 5—7 days of treatment. In the
cool area between perforators, the rate of skin tem-
perature increase was almost twice as high, from
3.09°C (10.3 %) within 24 hours to 4.46°C (14.9 %)
after 5—7 days of NP.

The skin temperature dynamics in the cool area
of patients in Group 2 showed a positive trend when
exposed to local NP continuously for a period of 5—7
days. The mean value increased from 31.65°C (3.76)
before the NP system placement to 33.07°C (2.24)
after 5—7 days upon the system removal (p=0.286
Wilcoxon signed rank test). The value increment
within this period was 1.42°C or 4.5 %, resulting in a
«levelling» (reduction of differences) effect on tem-
perature curves in the cool and warm areas (Fig. 4).

Thus, mean skin temperature in the cool area
after applying the NP system for 5—7 days in 20
study participants increased by an average from
30.85°C (3.69) to 33.64°C (2.37). i.e., by 2.79°C
(95% CI 1.13—4.45°C) (p=0.005 Wilcoxon rank

Table 1. Skin temperature measurement results in 3 selected areas before the application

of the NP system (n =20), °C

Parameter Minimum—Maximum M+SD 95 % CI p*
Point 1 27.0—38.6 32.74+3.24 31.23—-34.25

Point 2 28.4—38.3 32.97+3.09 31.52—34.41

Point 3 25.0—36.1 30.85£3.69 29.12—32.58

Value difference in the points

Point 2 — Point 1 -0.5...+2.0 0.23£0.51 +0.01... +0.46 0.695
Point 3 — Point 1 -0.5..-3.3 —1.89+0.82 -2.27..-1.51 0.093
Point 3 — Point 2 -0.7..-4.0 -2.12+0.90 -2.54..-1.69 0.066

Note. * Level of significance of the differences between the points was defined using Mann—Whitney U-test.

Table 2. Every day skin temperature measurement results in the selected areas
during the application of the NP system (n=9), °C (M+SD)

Parameter Before NPWT 1st day 2nd day 3rd day 4th day 5—7th day
Point 1 31.82£3.23 33.60£2.35 3470+221%*  34.57+3.06**  34.23+2.19* 34.64 +2.60*
Point 2 32.18+3.13 33.58+2.13 34.92+201**  3469+288**  34.31+1.94* 34.70 £ 2.35*
Point 3 29.87+3.56 32,96 £ 2.44* 34.39£1.98**  34.37+3.12**  33.91+2.05% 34.33 +2.47%*
P, 0.691 0.965 0.825 0.965 0.965

P13 0.233 0.536 0.659 0.536 0.566

P23 0.185 0.427 0.330 0.659 0.659

Note. p,_,, P;_3, P,_3 — level of significance of the differences between the points (P) was defined using Mann—Whitney U-test;
“p<0.05; " p<0.01 as compared to basic value in the corresponding point (Wilcoxon signed rank test).
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Figure 4. Mean value trend in skin temperature
measurement in the selected areas after using the
NP system for 5—7 days (n=11)

sum test). The performance gap between Point 1
and Point 3 decreased to —0.26 °C (95 % CI —0.39...
—-0.12°C) at p=0.561 (Mann-Whitney U-test).
The gap between Point 2 and Point 3 decreased to
—-0.35°C (95% CI -0.48..— 0.17°C) at p=0.626
(Mann-Whitney U-test).

After the NP application at the donor sites, all
patients had reconstructive surgeries to cover de-
fects using free or local flaps. After reconstruction,
all flaps survived, and only in one case did we have
anon-critical complication in the form of partial ne-
crosis of the flap (5 %).

A prior study conducted at our department re-
vealed that in 13 to 40 % of cases, patients who met
the same inclusion criteria but did not receive the
NP therapy experienced complications, including
ischemia and venous congestion, which resulted in
partial necrosis of flaps [4, 6].

Clinical case

On admission to our centre, a female patient pre-
sented with a persistent work-related injury from
1982 was treated according to the NPWT treat-
ment programme for wounds directly within the
preoperative stage (Fig. 5). We planned free trans-
fer of the ALT flap with microvascular anastomosis
formation (Fig. 6).

Thermographic study was done, perforator exit
points and cool areas were defined, and outcome
analysis was made (Fig. 7). A cutaneous NP system
was applied in the cool areas. 5 days later, we noted
changes in the temperature curve, a temperature
rise directly in the perforator exit points, and a ther-
mal gap transition into positive values (Fig. 8). The
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patient was discharged with recovery, the postop-
erative period was smooth.The result 2 months after
ALT-free flap surgery presented on Fig. 9.

Discussion

In all cases, after cutaneous NP treatment pro-
gramme application, we detected a temperature rise
in the cool areas. 24 hours after the application of the
NPA system, the temperature difference between
perforator exit points and the area between perfora-
tors decreased. This fact evidences improved micro-
circulation in the skin between perforators, which
implies functional improvement of anastomoses be-
tween perforators and possible opening of «choke»
anastomoses. This ultimately leads to the optimisa-
tion of the blood supply at the flap donor site.

Other authors have also confirmed the possibility
of cutaneous NP influence on skin microcirculation.
There are reports of experimental studies [2, 11]. In
a report of preoperative external NP therapy, Mo-
rykwas et al. found a 21 % increase in flap survival in
random pattern flaps that were treated with external
NP inapig model [10]. Similarly, Rhodius et al. found

Figure 5. The wound on the left leg after an injury
39 years ago

Figure 6. Marking the ALT perforator flap on the
right thigh. The green dots mark the perforator
exit points, which were found using Doppler

General Surgery 3azansuaxipypeisn * 2023 ¢ Ne2 (5)
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Figure 7. Thermography analysis report. Before NP. The arrows point to the places where the temperature
was measured at the exit of the perforators and in the cold zone between them. The temperature
corresponding to these points on the chart
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Figure 8. Thermography analysis report. 5 days after NP. The arrows point to the places where the
temperature was measured at the exit of the perforators and in the cold zone between them. The
temperature corresponding to these points on the chart
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Figure 9. The result 2 months after ALT-free flap
surgery

a 37 % increase in vessel density and a 27 % increase
in flap survival in random pattern flaps performed in
a diabetic murine mode [12]. Other authors have re-
ported similar findings of increased vascularity, and
improved blood supply and flap survival in animal
models when treated with external NP [3, 22]. There
have already been reports on the preparation of the
donor area of the flap using NP, both in the clinic and
in studies on healthy volunteers [7, 9].

However, due to the small number of observations,
the results of the study did not show a statistically
significant difference between the selected points in
the cool and warm areas, both at the beginning of the
study and during the first days of the NP system ap-
plication. In our opinion, by making a number of ob-
servations and comparing them to treatment efficacy
outcomes in patients with persistent wounds, we will
be able to not only obtain solid statistically significant
results but also answer questions related to:

- selection of the optimal temperature difference
between the cool and warm areas on the skin to de-
fine the advisability of preoperative preparation
with the NP application;

- calculation of the optimal length of preopera-
tive preparation with NP;

- justification of the need (rationale) for every-
day control of process dynamics;

- assessment of correlations between preoperative
NP preparation treatment efficiency and other factors.

Conclusions

The findings obtained from thermography analysis
suggest that the application of NP has the potential
to enhance blood circulation in the intended donor
area. Therefore, it is plausible to discuss the possibil-
ity of improved microcirculation in the skin and the
beneficial effect of local cutaneous NP application
on the state of anastomoses between perforators.
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Onrrrmisanisa KpOBOIIOCTAYaHHA HIKiPU JOHOPCHKOI JUIAHKHU
34 JOIIOMOTI'OIO HAIIKiPHOI'O HETATUBHOI'O TUCKY

I1. O. Bamon !, C. B. Caecapenko 2, O. 1. Pyaenko 2

! JIninpoBchkuii HamionampHKN yHiBepcnTeT iMeni Omecs [ordapa

2 [eHTp TepMiYHOI TPaBMU Ta TJIACTMYHOI Xipyprii, MichKa KTiHiuHa tikapusa Ne 8, J[Hinpo

ITepdopaTopHi KIANTi € JyKe NONYJBIPHUM METOAOM y PEKOHCTPYKTHUBHII Xipyprii. OHAK, ITONPH T€E IO IIEP-
(poparopHi K1anTi Ja10Th JOOPi €CTETUYHI PE3YIBIaTH, YACTO 1X 3aCTOCYBAHHS MOB’SI3aHE 3 YCKIAJHECHHIMU
y BUIVIA/Ii HOPYIIEHHS NeP@y3ii nepeMillieHUX TKAHHH.

Mera — BU3HAYNTU MOMXJIMBICTH OINTHUMI3allii KPOBOIIOCTAYAHHA HIKiPU JTOHOPCHKOI JUIAHKA 34 JOIIOMOI'OIO0
BHUKOPUCTAHHA HAMKIPHOI'O HETATUBHOI'O TUCKY.

Marepianu Ta MeToaH. JoCipkeHHA npoBeieHe v riepior 3 2019 no 2021 p. i3 3anyuenHsaM 20 oci6 3 boKu-
MU PAHOBUMH Je(PEKTAMHY, SIKi ITIOTPIOHO OYyJIO0 BKPUTH KIAITAMUI. 3AIIPOIIOHOBAHE JJIOHOPCHKE MICLIE € IIPEAMETOM
JOCIDKEHHS METONOM JTUHAMIYHOL TepMOorpadii 10 Ta ITiC/I1 BUKOPHUCTAHHA OB’ A3KU 3 HETATUBHUM TUCKOM (HT).

PesyabTaTh. Pe3ysratv BUMipIOBAHHS TEMIIEPATYPH Y JBOX BUOPAHUX TEIUIMX TOYKAX NEPPOPAHTA i TOUILIi
B XOJIO/IHIM 30Hi MK IIepOPAHTAMU IIepe BUKOPUCTAHHAM HT CBidmIM 1po NOCTiNHY TEHAEHIIIO O 3HU-
JKEHHsI TEMIIEPATYPU B XOJIOAHIM 30Hi B cepeaHbomMy Ha —1,89°C Ta —2,12°C NOPiBHAHO 3 TEIUIMMU TOYKAMMU.
Tpeni-aHali3 TEMIIEPATYPH LIKiPU i/l BILIMBOM JIOKAIbHOTO HT 3i MOAEHHUM 360POM JaHUX BUSBHB 3HAYHE
3MEHIIECHHA BiIMIHHOCTEN MK 3HAYEHHAMU B XOJIOHII 30Hi 1 TEIUIMX TOYKAX BXKE MIC/IA IEPIIIOrO AHA BUKO-
pucTaHHsa cucteMu HakipHoro HT. «BUpiBHIOBaHHS» TEMIIEPATYPHUX KPHUBUX OYJIO MOB’A3aHE 3 MiBUIIICHHAM
TEMIIEPATYPH AK Y XOJIOJHIN 30Hi, TAK i B MiCLIAX BUXOZY ITEP(OPAHTIB.

BucHOBKH. Pe3ynsrary aHanizy tepmorpadii CBilMWIN PO TEHJAEHLIIO 0 OITUMI3aIlil KPOBOIIOCTAYAHHS
3aIUIAHOBAHOI JOHOPCHKOI 30HU IIiJ] BIVTMBOM HamKipHOro HT, TOMy MOXXHA TOBOPUTH PO MOKIUBICTD MOJII-
MIEHHA MIKPOLMPKYJ/IALLI B MIKipi Ta MO3UTUBHUI BIUIUB 3aCTOCYBAHH: JIOKAIBbHOTO HamkipHoro HT Ha cran
AHACTOMO3iB MK IEP(POPAHTAMU.

KiIro4uoBi C;10Ba: HANIKIpHUI HETATUBHUM THUCK, NEPMOPAHTHI KIANTi, aHACTOMO3U MiX Nep(OpaHTaMU,
TepMOrpadis.
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