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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Introduction. One of the key factors in achieving favorable 
treatment outcomes when planning reconstructive surgeries using 
perforant flaps is the choice of recipient vessels. The diameter of 
perforant vessels, on which flaps are most often formed, ranges 
from 1 to 1.5 mm. Their identification causes certain difficulties 
both at the planning stage and during the operation. Known 
methods of preoperative planning of perforant flaps using 
ultrasound sonography and Doppler, selective angiography, CT 
angiography [1-3]. A modern method of preoperative perforants 
location is dynamic infrared thermography, which makes it 
possible to identify perforant vessels after using functional tests 
[4-7]. The thigh area is the easiest area to eliminate a wound 
defect due to significant reserves of skin and soft tissues. That 
is why this site is widely used in plastic surgery for taking free 
microsurgical flaps, such as an anterolateral femoral flap (ALT 
flap) or a diagonal gracilis femoral flap (DUG flap) with a simple 
elimination of the donor zone [8-11]. At the same time, if there 
is a need for revascularization of open and initially infected 
deep anatomical structures, perforant local propellers, keystone 
flaps or free transplantation from remote donor sites can be used 
in this region [5,12,13].

The basis of our study was the task of preoperative preparation 
of donor areas by training arteries - perforants by applying the 
action of local negative pressure on the skin.

Purpose of research. Development of the most rational 
modes of action of negative pressure on the skin of the thigh for 
preoperative preparation of the donor zone for the formation of 
perforant flaps.

Materials and methods. The determination of the most 
rational modes of action of negative pressure on the skin of the 
thigh was carried out on a group of healthy volunteers (GHV) 
- 35 people: 17 women and 18 men aged 19 to 50 years. The 
studies were carried out on the basis of the burn department of the 
clinic in Dnipro, Ukraine in 2020-21. For preoperative location 
of perforants, dynamic infrared thermography (DIT) was used 
using a Flir ONE (USA) thermal imager for smartphones and 
tablets based on Android [7]. Local vacuum (VAС-action) was 
created using the AGAT-Dnepr negative pressure apparatus 
(Ukraine) by applying a polyurethane sponge to the anterior 
surface of the thigh.

Statistical data processing was carried out using a personal 
computer using software products STATISTICA 6.1 
(StatSoftInc., serial no. AGAR909E415822FA) and Microsoft 
Excel (Microsoft Office 2016 Professional Plus, Open License 
67528927) using methods of descriptive and analytical 
biostatistics and multivariate methods of statistical analysis 
[14,15].

Results and discussions. The examination was carried out 
in a room with a constant air temperature of 21-22°C, the 

subject was given a horizontal position and he adapted within 
20 minutes. After adaptation, for better visualization of the 
projection zones of the perforant vessels, the skin of the anterior 
surface of the thigh was cooled by applying a gauze napkin 10 
× 20 cm in size, folded in 10 layers, moistened with cold water 
at a temperature of 18-20°C for 15 minutes. After cooling, a 
thermal imaging examination was carried out, from 2 to 4 
perforators were detected. After that, a local vacuum P = (-100 
mm Hg) was created for 10 minutes. Then, immediately after 
the negative pressure apparatus was turned off, the perforant 
vessels were visualized and the number of perforants was 
counted using a thermal imager. The next stage of the study 
was aimed at increasing the negative pressure. The pressure 
varied from P = (-100 to -160 mm Hg), exposure time from 
10 minutes to 20 minutes, 30 minutes, 60 minutes, 24 hours 
and 48 hours. The studies were carried out at the same time at 
the indicated time intervals - 60 seconds (immediately after the 
action of negative pressure); 20, 30, 60 minutes; after 24 and 
48 hours. 60 seconds after the action of negative pressure on 
the anterior surface of the skin of the thigh, "hot zones" of an 
increase in local temperature are determined, with a temperature 
gradient ∆Т=2.10 - 1.15 (95% 1.0 - 1.4) -30 minutes, the skin 
temperature drops to 31.19 (95% Confidence interval (CI) 32.0-
32.6)°C, and against the background of this decrease, points of 
hyperemia appear 33.6 (95% 33.2-34.5)°C in different quantity, 
depending on the time and magnitude of the negative pressure, 
which persist for 24 - 48 hours (Fig. 1).

Fig.1. DIT of the skin of the anterior surface of the right thigh. The right 
thigh 30 minutes after the VAC-action, 10 perforants are determined.
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As a result of the experiment, changes in the number of 
perforants depending on the duration of negative pressure were 
traced (Table 1).

The largest average number of perforants in the examined 
patients was observed after 30 minutes of VAC action - 12.0 
(6.0; 12.0), which was statistically significantly higher 
compared to their number, which was detected after 10 minutes 
of negative pressure action (p<0.001 ). On average, according to 
the median values of 12 perforants after 30 minutes, the VAС- 
action remained after 20, 30 and 60 minutes after exposure and 
decreased only after 24 hours. Doubling the period of VAC - 
action to 60 minutes and no longer led to an increase in the 
number of perforants. Therefore, the optimal negative pressure 
time is 30 minutes when up to 10-12 perforants are opened. 
Accordingly, in the dynamics, depending on the time elapsed 
after the VAC- action, a pattern is observed: the largest number 
of perforants persists for 24 hours.

The number of certain perforants depends on the duration of 
the negative pressure: a direct strong relationship was found 
between the indicators (rs=0.85; p<0.001). Based on the results 
of the regression analysis, a non-linear power-law form of 
relationship between the duration of negative pressure and the 
number of perforants was revealed (Fig. 2), which was described 
by the equation (p<0.001):

y=11,23+0,22×x-0,003×x2                     (1)
where y- is the number of perforants.
x- is the duration of the negative pressure in minutes.
Depending on the magnitude of the negative pressure, certain 

changes in the number of perforants were observed within 2 
days (Table 2).

The smallest average number of perforants in the GHV group 
was observed at a pressure level of P= (-100 mm Hg) 24 hours 
after the VAC-action and at P=(-160 mm Hg) 48 hours later. 
The largest average number of perforants was detected at the 
pressure level Р= (-130 mmHg) – 10.0 (8.0; 14.0), which was 

statistically significantly higher compared to their number under 
the negative impact of pressure Р = (-100 mmHg) (p<0.001).
The indicator was constant, the number of perforants was 
maintained during the entire observation period from 20 minutes 
to 48 hours.

Based on the results of the correlation analysis, the average 
strength of the correlation between the magnitude of the 
pressure of the VAC- action and the number of perforants was 
determined - rs=0.56 (p<0.001). According to the results of the 
regression analysis, the nature of the connection was refined, 
and it was determined that it has a non-linear power form of 
the connection (Fig. 3), which was described by the equation 
(p=0.010):

y=51,17-0,85×x-0,031×x2                    (2),
where y- is the number of perforants.
х- is the level of negative pressure in mm Hg.
Thus, on the basis of the analysis, it was determined that the 

pressure P= (-130mm Hg) is the most optimal for opening 
perforants (10-12 pieces). What can be useful for using local 
negative pressure to "train" the perforant vessels of the donor 
site for 2-3 days before the transplantation of the perforant flap. 
VAK-action promotes the opening of perforants and improves 
blood supply to the donor area.

Perforant flaps are a step forward in the repair of soft tissue 
defects, they have opened a new era in reconstructive surgery 
and provide very important advantages in reconstructive 
surgery. However, there are risk factors that cause various 
complications. Therefore, when planning reconstruction, great 
attention should be paid to tissue blood supply [7,11,12]. 
Examination of the patient in the preoperative period most often 
begins with physical methods: determining the pulse, color, 
turgor, capillary filling of the skin. Additional information 
can be obtained using a handheld portable audio doppler. A 
well-known technique for preoperative location of perforants 
using dynamic infrared thermography (DIT) is a study with a 

VAC- action time The number of perforants after the action of negative pressure after a certain period of time
60 seconds 20 minutes 30 min 60 min 24 hours 48 hours

10 min 3,0 (1,0; 3,0) 3,0 (3,0; 4,0) 3,0 (3,0; 3,0) 3,0 (2,0; 3,0) 3,0 (1,0; 3,0) 3,0 (1,0; 3,0)
20 min 4,0 (3,0; 4,0) 4,0 (4,0; 5,0) 4,0 (2,0; 4,0) 4,0 (1,0; 4,0) 2,0 (1,0; 3,0) 2,0 (0,0; 2,0)
30 min 12,0 (10,0; 12,0)* 12,0 (8,0; 12,0)* 12,0 (6,0; 12,0)* 12,0 (5,0; 12,0)* 10,0 (6,0; 11,0)* 8,0 (6,0; 8,0)*
60 min 8,0 (4,0; 8,0)* 8,0 (8,0; 10,0)* 8,0 (6,0; 8,0)* 8,0 (4,0; 8,0)* 6,0 (3,0; 7,0)* 4,0 (2,0; 4,0)
24 hours 6,0 (3,0; 6,0)* 7,0 (6,0; 8,0)* 6,0 (4,0; 6,0)* 6,0 (3,0; 7,0)* 4,0 (3,0; 4,0) 4,0 (2,0; 4,0)
48 hours 6,0 (2,0; 6,0)* 6,0 (6,0; 8,0)* 6,0 (2,0; 6,0)* 4,0 (2,0; 6,0) 4,0 (2,0; 4,0) 4,0 (1,0; 4,0)

Table 1. Determination of perforants depending on the time of the VAC-action in the GHV (n=35) following the data of DIT - Me (25%; 75%).

Note. * – p<0.001 according to the Wilcoxon test compared with a level in 10 minutes of VAС-action.

Pressure level 
(mmHg)

The number of perforants after the action of negative pressure after a certain period of time
60 seconds 20 minutes 30 minutes 60 minutes 24 hours 48 hours

-100 mmHg 4,0 (2,0; 6,0) 4,0 (3,0; 6,0) 4,0 (3,0; 5,0) 4,0 (2,0; 5,0) 3,0 (2,0; 3,0) 3,0 (1,0; 3,0)
-110 mmHg 4,0 (2,0; 6,0) 4,0 (4,0; 5,0) 4,0 (2,0; 7,0) 3,0 (1,0; 4,0) 2,0 (1,0; 3,0) 2,0 (0,0; 2,0)
-120 mmHg 10,0 (8,0; 14,0)* 10,0 (8,0; 12,0)* 8,0 (6,0; 9,0)* 8,0 (4,0; 9,0)* 4,0 (3,0; 6,0) 4,0 (2,0; 5,0)
-130 mmHg 10,0 (7,0; 15,0)* 10,0 (8,0; 14,0)* 10,0 (6,0; 13,0)* 10,0 (5,0; 12,0)* 10,0 (4,0; 11,0)* 10,0 (3,0; 11,0)*
-140 mmHg 6,0 (3,0; 8,0) 6,0 (5,0; 8,0) 6,0 (4,0; 7,0) 6,0 (3,0; 7,0) 4,0 (3,0; 5,0) 4,0 (2,0; 5,0)
-160 mmHg 6,0 (2,0; 7,0) 6,0 (5,0; 8,0) 6,0 (4,0; 7,0) 4,0 (2,0; 6,0) 4,0 (2,0; 6,0) 3,0 (1,0; 4,0)
Note. * – p<0.001 according to the Wilcoxon test in comparison with a level at P=-100 mm Hg.

Table 2. The number of perforants depending on the pressure value of the VAC - actions in the GHV (n=35) according to the DIT data - Me (25%; 75%).
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Fig.2. Relationship between the duration of negative pressure and the number of perforants in the examined GHV (n=35).

Fig.3. Relationship between the level of negative pressure and the number of perforants in the examined GHV (n=35).
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thermal imager after using functional samples: cooling, heating, 
pressure. To create a uniform starting situation for the skin 
area, the use of cold or heat is recommended. The technique for 
applying cold has been described by de Weerd et al. [ 16]. The 
method was based on cooling the skin area to 20-22°C. After 60 
seconds, hot spots appeared against the background of cooling. 
After 1-2 minutes, they merged with neighboring angiosome 
perforants. Thus, perforants up to 1 mm in diameter were 
visualized. Cooling ensures that only those areas that are best 
supplied with blood become noticeable hot spots a few minutes 
after the cold is removed [3-5,16]. Reducing the number of so-
called "false hot spots" is critical to the accuracy of this method. 
Vacuum therapy is one of the treatments used to improve wound 
healing. The main pathogenetic mechanism of action of low-
dose negative pressure is a change in local blood circulation, 
which is based on the ability of a local vacuum to create a 
directed movement of fluid, which provides optimal conditions 
for improving microcirculation [5,7,13]. In our opinion, the 
action of negative pressure is an important factor in enhancing 
blood flow in perforasomes, which contributes to an increase in 
dynamic zones due to the “opening” of perforants of the second 
and third levels.
Conclusion. 

1. VAC-action promotes the opening of perforants of the 
second, third level and thereby improves the blood supply to 
the donor area.

2. Pressure Р= (-130mm Hg) and time of 30 minutes are the 
most optimal modes of action on the skin of donor sites for 
opening perforants (10-12 pcs).

3. The use of local negative pressure against the background 
of cooling would be useful for training perforant vessels of the 
donor site during 2-3 days before the flap transplantation, which 
could reduce development of postoperative complications rate.
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Summary. One of the key factors in achieving favorable 

treatment outcomes when planning reconstructive surgeries 
using perforant flaps is the choice of recipient vessels. Their 
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identification causes certain difficulties both at the planning stage 
and during the operation. The aim of the study was to develop the 
most rational modes of action of negative pressure on the skin of 
the thigh. For preoperative preparation of the donor zone for the 
formation of perforant flaps, a local vacuum (VAC - action) was 
used, which was created using a negative pressure apparatus 
"AGAT-Dnepr" (Ukraine) by applying it to the anterior surface 
of the thigh. Preoperative location of perforants was performed 
using a Flir ONE (USA) thermal imager for smartphones and 
tablets based on Android. The studies were carried out on 
a group of healthy volunteers - 35 people: 17 women and 18 
men aged 19 to 50 years on the basis of the burn department 
of the clinic in Dnipro, Ukraine in 2020-21. at the same time 
at the specified time intervals - 60 seconds (immediately after 
the action of negative pressure); 20, 30, 60 minutes; after 24 
and 48 hours. The highest average number of perforants in the 
examined patients was observed after 30 minutes of VAC- action 
- 12.0 (6.0; 12.0), which was statistically significantly higher 
compared to their number, which was detected after 10 minutes 
of negative pressure action (p<0.001 ). On average, according 
to the median values of 12 perforants after 30 minutes, the VAC 
action remained after 20, 30 and 60 minutes and decreased 
only after 24 hours. Doubling the period of VAC - action to 

60 minutes and no longer led to an increase in the number of 
perforators. Therefore, the optimal negative pressure time was 
30 minutes when up to 10-12 perforants are opened. The smallest 
average number of perforants was observed at the pressure level 
P=(-100 mmHg) 24 hours after the VAC-action and at P=(-160 
mmHg) 48 hours later. The largest average number of perforants 
was detected at the pressure level Р= (-130 mmHg) – 10.0 (8.0; 
14.0), which was statistically significantly higher compared to 
their number under the negative impact of pressure Р =(-100 
mmHg) (p<0.001). The indicator was constant, the number of 
perforators was maintained during the entire observation period 
from 30 minutes to 48 hours. The action of local negative 
pressure contributed to the opening of perforants of the second 
and third levels and thus improved blood supply to the donor 
area. Pressure Р= (-130 mm Hg) and time of 30 minutes was 
the most optimal mode of action on the skin of the anterior 
surface of the thigh, since 10 to 14 perforants were determined. 
The use of local negative pressure against the background of 
cooling may be useful for "training" the perforant vessels of the 
donor site for 2-3 days before surgery to reduce postoperative 
complications.

Keywords. Reconstructive surgery, negative pressure, 
perforant flaps, donor sites, dynamic thermography, blood flow.
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