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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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Abstract.
The results of treatment of 36 patients with extensive 

gunshot defects on the foot and lower leg with the use of a 
neurovascularized flap on the sural artery have been analyzed.

Goal: To investigate the effect of catheterization of the small 
saphenous vein, which is included in the flap, on the frequency 
of development of its ischemic complications.

Materials and methods: The 1st group (n=14) included the 
wounded, who underwent complex treatment of an extensive 
gunshot defect followed by its plasticity with a "sural flap" 
with temporary catheterization of the small subcutaneous vein 
included in its composition. The 2nd group (n=23) included 
patients who, after complex treatment of an extensive gunshot 
defect, underwent plastic surgery with a "sural flap" without 
catheterization of the vessels included in it.

Results and discussion: In case of using a flap without 
catheterization of the small saphenous vein, necrosis of 
the "sural" flap was observed in 5 (22%) cases. During 
catheterization of the small saphenous vein, the number of flap 
necrosis was 2 (15%) cases.

Conclusion: Catheterization of the small saphenous vein of 
the "sural" flap allows to reduce the frequency of complications 
related to blood supply disorders by 7%.

Key words. Compartment syndrome after gunshot 
polystructural injuries of the lower limbs, plastic gunshot 
defects of the limbs, sural nerve, catheterization of the small 
subcutaneous vein, artery, "sural" flap.
Introduction.

In the context of modern military conflicts, the percentage of 
firearm injuries to the limbs ranges from 65% to 78% of the 
total number of injuries [1,2]. The use of high-energy weapons 
leads to an increase in the proportion of firearm injuries with 
extensive tissue defects in the limbs, which can reach 37% of 
cases, with 48% being polystructural injuries (a combination of 
bone fractures with damage to vascular-nervous structures and 
tendons) [3]. In most cases, such conditions require reconstructive 
plastic surgery [4]. The application of a neurovascular flap on 
the sural artery ("sural flap") can be considered an alternative 
to free flaps for the restoration of complex defects in the lower 
third of the shin and foot [5]. However, the number of studies on 
the use of the "sural flap" in the treatment of extensive firearm 
defects is limited. One particular aspect of using such flaps is 
their relatively high susceptibility to ischemic complications, 
which can reach up to 22% of cases [6,7]. To prevent these 
complications, catheterization of the small subcutaneous vein 
included in the flap is recommended [5,6].

The aim of the study is to investigate the impact of 
catheterization of the small subcutaneous vein included in the 
flap on the frequency of its ischemic complications. 
Materials and Methods.

Our study is based on a retrospective analysis of the treatment 
of 36 patients with extensive firearm-related soft tissue defects 
of the foot and shin, which required reconstructive surgeries 
using the "sural flap" (Table 1). All patients underwent treatment 
at the National Military Medical Clinical Center from 2014 to 
2023.

By extensive soft tissue defect, we mean a defect involving the 
skin, muscles, and underlying structures that cannot be closed 
solely by suturing the wound edges. In most cases, the injured 
patients arrived at the National Military Medical Clinical Center 
at various time intervals after the moment of injury: within 3 
days - 6 cases; from 2 to 10 days - 19 cases; from 10 to 20 days 
- 11 cases.

All patients were treated in accordance with the standards 
of military field surgery, according to which the only 
effective method of treating firearm injuries is repeated 
surgical debridement. This includes excising non-viable and 
contaminated tissues, revising damaged anatomical structures, 
fasciotomy of all muscle-fascial compartments, adequate 
drainage, and replantation of vascular-nervous structures, 
creating conditions for the restoration of the anatomical integrity 
of the damaged structures.

The use of ultrasound cavitation and NPWT (Negative Pressure 
Wound Therapy) significantly accelerates the wound cleansing 
process. The number of repeat surgical treatments ranged from 
2 to 5 until the appearance of granulation tissue in the wound.

The decision regarding the application of the "sural flap" for 
plastic surgery of the defect on the foot and shin was made 
after dopplerography to determine blood flow in the small and 
large subcutaneous veins, the presence of a skin perforator 
of the lower leg artery in the projection of its exit point (5-6 
cm from the outer ankle bone), and the absence of signs of 
sensory impairment at the outer edge of the foot (in the area of 
responsibility of the n. suralis).

Depending on the design of the "sural flap," patients were 
divided into 2 groups.

Group I (main group, n=13) - included patients who underwent 
comprehensive treatment, including staged wound debridement 
combined with ultrasound cavitation and NPWT therapy for 
extensive firearm-related defects, followed by plastic surgery 
using the "sural flap" with temporary catheterization of the 
small subcutaneous vein included in it.
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Group II (control group, n=23) - included patients for whom 
plastic surgery using the "sural flap" was performed after 
comprehensive treatment of extensive firearm defects without 
catheterization of the vessels included in it.

The exclusion criteria from the study groups were as follows:
1. Multiple contiguous soft tissue injuries to the posterior 

surface of the shin with ultrasound signs of damage to the small 
and large subcutaneous veins.

2. Presence of injuries in the projection of the sural 
nerve in the critical zone of the "sural flap" - the area between 
the Achilles tendon and the lower edge of the lower leg bone, 
accompanied by sensory impairment on the outer surface of the 
foot.

3. Acute thrombosis or deep vein thrombosis in the shin.
4. Soft tissue defects larger than 10 cm in diameter.
5. Polystructural damage with extensive defects requiring 

amputation.
6. Nicotine abuse and patient refusal to abstain from 

smoking for up to 3 weeks after the surgery.
Age, time since the injury, localization of firearm defects, 

and the severity of polystructural damage were statistically 
comparable between the groups (p>0,05).

To assess the reliability of the obtained results, the mean (M) 
and standard deviation (SD) were calculated and analyzed for 
each group. The statistical significance of the difference between 
the means in the groups was determined using the results of a 
two-sample t-test with equal variances, and a difference with 
p<0.05 was considered statistically significant. Data analysis 
was conducted using Microsoft Office Excel software.

Surgical Technique. Unlike the classical technique in which 
the elevation of the "sural flap" is performed with the patient in 
a prone position, in our cases, the operation was performed with 
the patient in a lateral position. This was due to the presence of 
anterior tibial artery perforators (Figure 1). This forced position 
did not allow for a clear determination of the midline of the 
shin, which corresponds to the projection line of the sural nerve. 
Therefore, the flap elevation started distally and proceeded in a 
proximal direction.

The landmark for the first incision is the space between the 
posterior edge of the calf bone and the lateral edge of the 
Achilles tendon at a distance of no less than 5 cm from the 
level of the lateral ankle bone, corresponding to the projection 

of the distalmost perforators. By separating the tissue from the 
sheath of the Achilles tendon on one side and the tendons of 
the long and short calf muscles on the other side, a complex 
of soft tissues is obtained, which includes the sural nerve and 
its accompanying vessels, with the mandatory inclusion of 
the small subcutaneous vein. Further formation of the flap leg 
occurs along an imaginary line representing the location of the 
sural nerve, from proximal to distal, running from the lateral 
ankle bone to the junction of the two heads of the calf muscle 
and continuing to the middle of the popliteal fossa. The flap leg 
was presented in two variants: with a skin-fascial leg up to 3 cm 
in width or in the form of a fascial loop (Figure 2).

The length of the flap is determined by the distance from 
the flap's pivot point to the area of the gunshot wound. The 

І (main) group, n = 13 II (control) group, n = 23 In total (n=36) р⁎
Average age, years (М± SD) 36,7 ±1,3 38,1±1,4 37,1±1,0 >0,05
Time from injury to hospitalization, 
days  (М± SD) 5.6±1,7 6,1±1,3 5,9±1,5 >0,05

According to the location of the defect, (%) 
foot
lower/3- medium
/3 shin

7
6

13
10

20
16 >0,05

The transverse size of the defect, abs.  (%)  
From 4 to 6 cm 5 9 13 >0,05
From 6 to 10 cm 8 14 22 >0,05
If there is a fracture, abs.  (%)  
No broken bones 3 8 11 >0,05
With broken bones 10 15 25 >0,05

Table 1. Comparison criteria of the main and control groups.

Figure 1. Firearm-related defect of the anterior surface of the tibio-
tarsal joint.

Figure 2. Formation of the "sural" flap with a skin-fascial pedicle.
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venous blood to drain. The viability of the flap is assessed after 
3-5 minutes based on color and the speed of capillary response. 
If the "bloodletting" procedure is ineffective, heparinization of 
its lumen is performed. The catheter is not removed. The flap 
is rotated into the area of the gunshot defect with the pedicle 
placed subcutaneously. In the case of a skin-fascial pedicle, it is 
placed in a formed "slot" after incising the soft tissues.

After placing the flap in the area of the gunshot defect, the 
sub-flap space is drained. The donor site wound is either sutured 
edge to edge or covered with a split-thickness skin graft. To 
prevent direct pressure on the flap on the anterior tibial surface, 
a triangular-shaped frame system is mounted, which elevates 
the shin (Figure 4).

The next day, during the bandage change, if there were no 
signs of impaired blood flow to the flap, the catheter from the 
small subcutaneous vein was removed. In case venous stasis 
persisted, repeat "bloodletting" procedures were carried out 
once a day for 3-4 days until venous insufficiency was fully 
compensated.
Results and Discussion.

The impact of catheterization of the small subcutaneous vein 
on flap ischemic complications was studied by determining the 
frequency of ischemic complications of the flap (Table 2).

Complications related to flap ischemia were observed in 7 
(20%) cases in both groups. In the second (control) group of 
patients, where the flap was applied without catheterization 
of the small subcutaneous vein, irreversible ischemic 
complications occurred in 5 (22%) cases, including transdermal 
necrosis in 1 (4.3%) case and marginal necrosis in 4 (17.3%) 
cases. Reversible ischemic changes in the flap developed in 5 
(22%) cases.

In the first (main) group of patients, where the catheterization 
of the small subcutaneous vein of the flap was applied, 
irreversible ischemic complications occurred in the form of 
marginal necrosis in 2 (15%) cases, and transdermal necrosis 
was not observed. Reversible ischemic changes in the flap 
developed in 3 (23%) cases.

A statistical analysis of the data was conducted using non-
parametric criteria based on Pearson's method, but with Yates' 
correction. It demonstrated the lack of statistical significance 
between the results (p>0.05), likely due to the small sample size.

However, when comparing the data from both groups, a clear 
reduction of 7% in cases of irreversible ischemic changes after 
catheterization of the small subcutaneous vein in the "sural flap" 
can be observed. Therefore, this method can be considered as 
one of the effective ways to prevent ischemic complications.

In our opinion, after ligating the small subcutaneous vein in the 
"sural flap," conditions for the development of primary venous 
stasis are created. This is due to the impossibility of retrograde 

size of the flap is determined using a template impression 
from the wound. When forming the proximal part of the flap 
at the level of the upper third of the calf, after the transverse 
incision, the small subcutaneous vein is identified, ligated, and 
cannulated with an intravenous catheter (22G-18G) (Figure 3). 
The sural nerve and artery are identified and ligated between 
the heads of the gastrocnemius muscle. The final flap consists 
of the superficial and deep layers of fascia and a "muscle cuff" 
around the sural nerve. Single sutures between the fascia and 
subcutaneous tissue prevent flap separation.

After releasing the tourniquet and performing hemostasis, the 
catheter in the small subcutaneous vein is opened to allow excess 

Figure 3. Catheterization of the small subcutaneous vein of the "sural" 
flap.

Ischemic flap complications І group, n=13 ІІ group, n=23 ∑,
n рfoot shin foot shin

Irreversible
Transdermal necrosis 0 0 0 0 1 4,3% 0 0 1 р>0,05
Margin necrosis 2 15% 0 0 4 17,3% 0 0 6 р>0,05

Reversible Venous stasis 3 23% 0 0 4 17,3% 1 4,3% 8 р>0,05
The relationship is not inverse/inverse 2/3 5/5 7/8

Table 2. Ischemic complications after plastic surgery for gunshot wound defects using the «sural flap».

Figure 4. Day 10 after plastic repair with a "sural" flap.
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blood flow because of the presence of a valve system in the 
vein. Catheterization of the small subcutaneous vein and blood 
drainage from its system allow for temporary compensation for 
the venous insufficiency of the flap.

Further adaptation of venous blood flow in these cases occurs 
through a system of small (unnamed) arteries and veins around 
the wall of the small subcutaneous vein. Although these 
accompanying vessels are very small, their connection with 
the small subcutaneous vein allows for bypassing its valves, 
ensuring retrograde venous drainage of the flap. At this stage, 
the functioning of this system enables the removal of the 
intravenous catheter from the flap without the risk of developing 
venous insufficiency.

It is also interesting to note that in both groups, all cases of 
blood supply disturbances to the flaps were observed during 
defects on the foot. No complications occurred during flap 
repair of defects on the shin. This is likely associated with the 
length of the flap, the longer the flap, the higher the likelihood 
of blood supply disturbances.

Another important factor in preventing ischemic complications 
is the formation of the flap with a skin-fascial pedicle. In this 
case, there is no need to place the flap in a subcutaneous tunnel, 
reducing the likelihood of ischemia due to compression, while 
the skin bridge increases vessel stability against torsion. Reliable 
hemostasis reduces the risk of hematoma formation around the 
flap. It is recommended to avoid excessive electrocoagulation 
and prefer ligature or metal clips.

Another guarantee for preventing ischemic complications is 
adhering to the flap's size during its formation: no more than 5 
cm on each side of the projection of the sural nerve and artery.

It is important to note that when suturing between the fascia 
and hypodermis to prevent flap delamination, the sutures should 
not be too tight. Excessive suturing of the flap's perimeter after 
blood flow restoration can lead to ischemic complications.

In conclusion, the elevation of the "sural flap" is a complex 
procedure that requires attention to detail. However, this 
operation allows for the closure of extensive defects on the foot 
and shin without the need for microsurgery. The introduction of 
catheterization of the small subcutaneous vein, included in the 
composition of the sural flap, helps reduce the risks of ischemic 
complications of the flap and ensures a predictable and reliable 
long-term outcome.
Conclusion.

Complications related to the impairment of blood supply to the 
"sural flap" occur in 20% of cases during the plastic repair of 
extensive gunshot wounds.

Catheterization of the small subcutaneous vein, included in the 
composition of the flap, allows for the compensation of primary 
venous stasis in the flap and reduces the risk of irreversible 
ischemic changes by 7% compared to the control group.
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Аннотация. 
Особенности применения нейроваскуляризированного 

лоскута на суральной артерии при пластике 
огнестрельных дефектов на стопе и голени. Шипунов 
В.Г., Страфун С.С., Борзых А.В., Н.А. Борзых, Заговенко 
М.А.

В данной статье проанализированы результаты лечения 
36 пациентов с обширными огнестрельными дефектами на 
стопе и голени с применением нейроваскуляризированного 
лоскута на суральной артерии. 

Цель исследования - изучить влияние катетеризации 
малой подкожной вены, включенной в состав лоскута, на 
частоту развития его ишемических осложнений.

Материалы и методы. Пациенты из группы I (n=14) 
проходили комплексное лечение обширных огнестрельных 
дефектов с последующей пластикой с использованием 
"сурального лоскута" и временной катетеризацией малой 
подкожной вены, включенной в его состав. Пациентам из 
группы II (n=23) была проведена пластика с использованием 
«сурального лоскута» без катетеризации сосудов, 
включенных в его состав. 

Результаты и обсуждение. В случае применения лоскута 
без катетеризации малой подкожной вены наблюдался 
некроз "сурального лоскута" у 5 (22%) пациентов. При 
катетеризации малой подкожной вены частота некрозов 
лоскута составила 2 (15%) случая.

Выводы. Катетеризация малой подкожной вены 
«сурального лоскута» позволяет снизить частоту осложнений, 
связанных с нарушением кровоснабжения, на 7%. 



236

Ключевые слова: компартмент синдром при 
огнестрельных полиструктурных повреждениях 
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ბსტრაქტული. 
ტერფის და ქვედა ფეხის ცეცხლსასროლი დეფექტების 

პლასტიკურ ქირურგიაში სურალურ არტერიაზე 
ნეიროვასკულარიზებული ფლაპის გამოყენების 
შიპუნოვი ვ.გ. სტრაფუნი ს.ს., ბორჯიხ ალექსანდრე, 
ბორზოხ ნატალია, ზაგოვენკო მ.ა. 

36 პაციენტის მკურნალობის შედეგები ფეხისა 
და ქვედა ფეხის ცეცხლსასროლი იარაღის 
ფართომასშტაბიანი დეფექტებით, სურალურ 
არტერიაზე ნეიროვასკულარიზებული ფლაპის 
გამოყენებით. გაანალიზებული.

მიზანი. ფლაპში შემავალი წვრილი საფენური ვენის 
კათეტერიზაციის ეფექტის გამოკვლევა მისი იშემიური 
გართულებების განვითარების სიხშირეზე.

ასალა და მეთოდები. 1-ლ ჯგუფში (14) შედიოდნენ 
დაჭრილები, რომლებმაც გაიარეს ცეცხლსასროლი 
იარაღის ფართო დეფექტის კომპლექსური მკურნალობა, 

რასაც მოჰყვა მისი პლასტიურობა "სურალურ ფლაპით" 
მის შემადგენლობაში შემავალი მცირე კანქვეშა ვენის 
დროებითი კათეტერიზაციით. მე-2 ჯგუფში (n=23) 
შედიოდნენ პაციენტები, რომლებსაც ცეცხლსასროლი 
იარაღის ფართო დეფექტის კომპლექსური 
მკურნალობის შემდეგ, ჩაუტარდათ პლასტიკური 
ოპერაცია „სურალური ფლაპით“ მასში შემავალი 
სისხლძარღვების კათეტერიზაციის გარეშე.

შედეგები და მათი განხილვა. წვრილი საფენური 
ვენის კათეტერიზაციის გარეშე ფლაპის გამოყენების 
შემთხვევაში „სურალური“ ფლაპის ნეკროზი 
დაფიქსირდა 5 (22%) შემთხვევაში. მცირე საფენური 
ვენის კათეტერიზაციის დროს ფლაპ ნეკროზის 
რაოდენობა იყო 2 (15%) შემთხვევა.

დასკვნა. "სურალური" ფლაპის მცირე საფენური ვენის 
კათეტერიზაცია საშუალებას იძლევა 7%-ით შემცირდეს 
სისხლმომარაგების დარღვევებთან დაკავშირებული 
გართულებების სიხშირე.

საკვანძო სიტყვები. ქვედა კიდურების ცეცხლსასროლი 
იარაღის პოლისტრუქტურული დაზიანებების შემდეგ 
კუპეს სინდრომი, კიდურების პლასტიკური გასროლის 
დეფექტები, სურალური ნერვი, მცირე კანქვეშა ვენის 
კათეტერიზაცია, არტერია, „სურალური“ ფლაპი.
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