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OBJECTIVE — to enhance the treatment outcomes of combat injuries to the lower extremities with damage to
major arteries and extensive soft tissue defects by preventing complications and implementing an improved
surgical algorithm.

MATERIALS AND METHODS. The study was conducted on a cohort of patients with gunshot and explosive wounds
in the femoropopliteal segment of the lower extremities, affecting the major arteries. These patients sustained
injuries during combat operations and received treatment at the National Military Medical Clinical Center
«Main Military Clinical Hospital> between 2014 and 2024. The cohort was divided into two groups. The main
group (n=29) included patients who underwent treatment using an improved surgical algorithm that involved
selective use of methods for extra-anatomic revascularization, ligation of the major arteries (in cases of com-
plications in the reconstruction zone), and active application of rotational fasciocutaneous and muscle flaps to
close soft tissue defects in the vascular reconstruction zone. The comparison group (n=41) included patients
who received treatment using standard methods that involved staged surgical debridement, NPWT, and staged
wound closure. All patients were males aged between 23 and 57, with gunshot wounds to the lower extremities
that caused damage to major arteries and extensive soft tissue defects.

Resurrs. The improved surgical algorithm focused on patients with extensive soft tissue defects in the area of
the reconstructed artery (> 100 cm?), often accompanied by Gustilo-Anderson grade IIIC gunshot fractures. The
treatment strategy included the following key components: 1) Early wound closure using rotational fasciocuta-
neous and muscle flaps to ensure reliable coverage of the neurovascular bundle. 2) Extra-anatomic bypass for
complications such as erosion, thrombosis, or progression of infection in the reconstructed artery. 3) Ligation
of major arteries followed by active monitoring of limb viability and delayed revascularization when feasible in
cases of extra-anatomic vascular restoration failure. The main group (treated using the improved algorithm) had
a significantly higher limb preservation rate than the comparison group (treated with conventional methods),
with 82.8% limb preservation and 17.2 % amputations versus 53.7 % limb preservation and 46.3 % amputations,
respectively. Statistical analysis using the y2-test and Fisher’s exact test confirmed the statistical significance of the
improved surgical algorithm in amputation reduction rates (y3>-test 5.16, p=0.023; Fisher’s exact test p=0.02).

Concrusions. The implementation of an improved surgical algorithm for the treatment of gunshot wounds to
major arteries in the lower extremities, accompanied by extensive soft tissue defects, significantly reduced the
amputation rate in our study, from 46.3% to 17.2% (p=0.02).
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gunshot wounds, gunshot and explosive injuries to the arteries of the lower extremities, extra-anatomical
bypass surgery, revascularisation of the lower extremities, amputation, limb loss, limb preservation.
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In modern warfare, the incidence of injuries involv-  observations [4, 7, 10, 11, 22], most combat-related
ing major vascular damage has significantly in- vascular injuries affect the lower extremity arteries,
creased compared to armed conflicts of the first half  specifically the femoropopliteal segment. While limb
and middle of the 20th century [4, 8, 22]. Accord- salvage rates have improved significantly since pre-
ing to numerous studies and reports, as well as our  vious wars, primarily due to successful arterial repair
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at the second level of medical care [11, 22], success-
ful revascularization does not guarantee a compli-
cation-free recovery for these severely injured pa-
tients. Various authors report complications in re-
constructed arteries occurring in 6—-30 % of cases [1,
3]. In comparison, secondary amputations after arte-
rial reconstruction for combat-related injuries range
from 8.5 % to 38 % [2, 4, 6], with the highest failure
rates occurring in the femoropopliteal segment [4,
6]. Among early complications following revascular-
ization for gunshot wounds to the lower limbs, ar-
terial reconstruction failure leading to hemorrhage
poses a direct threat to the patient’s life, especially at
the third and fourth levels of medical care [22]. Ad-
ditional severe complications include thrombosis in
the reconstructed artery and progressive necrosis of
muscle groups despite maintained arterial perfusion,
which may necessitate timely amputation to prevent
acute renal failure [6,7, 9, 10, 11].

Early research focused on the widespread use of
the Mangled Extremity Severity Score (MESS),
which was introduced in 1990 to assess extremity
injuries and guide amputation decisions. This score
initially suggested a near-certain probability of am-
putation when reaching 7 points or higher. How-
ever, recent studies and the European Society for
Vascular Surgery (ESVS) 2025 Clinical Practice
Guidelines on the Management of Vascular Trauma
highlight that advancements in medical technology
have diminished MESS’s predictive accuracy for
amputation [13]. Improvements in vascular recon-
struction techniques, enhanced anesthesia and re-
suscitation protocols, principles of damage control
surgery, and advanced fracture fixation methods
have all contributed to this development [12]. The
primary risk factors for limb loss in combat trauma,
as noted by most authors, include the extent of soft
tissue damage, the presence of associated gunshot
fractures, the severity of compartment syndrome,
and the time frame from injury to revascularization
[2, 3, 8, 10]. This study aims to focus on this par-
ticularly challenging category of injured patients
and improve treatment outcomes despite several
adverse prognostic factors.

OsjJECTIVE — to enhance the treatment outcomes
of combat injuries to the lower extremities with
damage to major arteries and extensive soft tissue
defects by preventing complications and imple-
menting an improved surgical algorithm.

Materials and methods

We analyzed 209 medical records of patients treat-
ed at the National Military Medical Clinical Cen-
ter «Main Military Clinical Hospital» for lower
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extremity combat injuries between 2014 and 2024.
A cohort of 70 patients was identified as having dam-
age to major arteries in the iliac and femoropopliteal
segments, as well as extensive soft tissue defects and
associated injuries. Patients were divided into two
groups. The main group (Group O) included 29 pa-
tients who underwent treatment using an improved
surgical algorithm. The comparison group (Group
P) included 41 patients who received treatment us-
ing standard methods such as repeated staged surgi-
cal debridement, NPWT (negative pressure wound
therapy), and staged wound closure.

The improved surgical algorithm for treating
gunshot and explosive wounds to major arteries
with extensive soft tissue defects included (Fig. 1):

1. Prompt use of rotational fasciocutaneous and
muscle flaps to cover soft tissue defects in vascular
reconstruction areas without viable muscles;

2. Implementation of methods for extra-anatom-
ic revascularization to address complications or
substantial contamination in initially reconstructed
vessels in original vascular bundle sites.

3. Ligation of the major artery followed by dy-
namic limb monitoring when extra-anatomic revas-
cularization was not feasible due to complications
or its imminent risk. The major artery supply was
progressively restored if ischemic tolerance persist-
ed after the active infection was treated. For cases
of extensive soft tissue necrosis, especially those in-
volving muscle loss, amputation was recommended.

All patients in the study cohort were males aged
between 23 and 57 years. The mean age in the main
group was 37.4 £ 11.4 years, while in the compari-
son group, it was 34.2 8.0 years (p>0.05), indi-
cating no statistically significant difference in age
between the groups.

The study included patients with injuries extend-
ing from the external iliac artery to the tibioperoneal
trunk. All patients presented with extensive soft tis-
sue defects (> 100 cm?) or Gustilo-Anderson grade
ITIC gunshot fractures [10]. The soft tissue defects
were deep, involving fascia, muscle, and bone tis-
sue. In the main group, 26 patients had mine-blast
or blast injuries, while 3 patients sustained gunshot
bullet wounds. In the comparison group, 34 patients
had mine-explosion injuries, and 7 had gunshot bul-
let wounds (p>0.05).

All wounded individuals received staged medi-
cal care. At the second level of care (Role II), 70 %
(n=49) of patients had primary reconstructive
arterial surgery. At the third level (Role IIT), 20 %
(n=14) underwent primary surgery on major arter-
ies. At the fourth level (Role IV), 10 % (n=7) had
primary arterial reconstruction. The latter cases
were associated with combat operations taking
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Figure 1. Improved surgical algorithm for treating gunshot and explosive wounds to major arteries

with extensive soft tissue defects

place near Role IV medical facilities, which pro-
vided both second and third-level care. All repeated
surgeries on major arteries and reconstructive-plas-
tic interventions were conducted in Role IV medi-
cal facilities.

The most frequently affected area was the femo-
ral segment (51 %, n = 36), followed by the popliteal
segment (44 %, n=31) and the external iliac artery
(4%,n=23).

The study assessed both relative and absolute
indicators of injury characteristics, primary and
repeated surgical interventions, and treatment out-
comes in both groups. The primary outcome mea-
sures were limb preservation (positive outcome)
and amputation (negative outcome).

Statistical analysis was conducted using IBM
SPSS Statistics, Version 22. Descriptive statistics
were calculated. Mean values were presented as
M £ SD, while relative values were expressed as n
(%). A comparison of mean values of quantitative
variables was performed using the Mann-Whitney
U test or Student’s t-test, depending on data distri-
bution. A comparison of relative values was carried
out using Pearson’s y? test and Fisher’s exact test.
The null hypothesis was rejected at p<0.05.
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Results

The study groups did not statistically differ in terms
of the characteristics of gunshot wounds to the
lower extremities involving major arteries (p = 1.0).
The most common associated injuries were major
venous damage and gunshot fractures (Table 1).

Table 1. Characteristics of gunshot and explosive
wounds of the lower extremities with damage to
the arteries in the main and comparison groups

.. Group M Group C
Characteristic (n=29) (n=41)
Concomitant gunshot bone o o
fracture in the area of injury 20(69.0%) 27(659%)
Concomitant damage o o
to the main veins 24 (82.8%) 34(82.3%)
Concomitant damage to o o
the sciatic nerve or its branches 15(51.7%) 20 (488%)
Compartment syndrome 26 (89.7%) 37 (90,2 %)
Acute kidney injury 11(379%) 13(31.7%)
Multiple injury 10 (34.5%) 16 (39.0 %)
All p>0.05.
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There were no significant differences in the pri-
mary surgical interventions between the two groups.
The most common method for restoring the integrity
of the damaged vessel was suturing the defect in the
artery. Other methods of revascularization were end-
to-end anastomosis and autogenous vein graft repair
of the damaged artery. Prosthetic PTFE grafting was
not a priority method for revascularization in the fem-
oropopliteal segment. It was primarily used in cases
where a suitable great saphenous vein was unavail-
able or for iliofemoral reconstructions [5, 16].

It is important to note that all patients underwent
fasciotomy of the lower leg compartments during
the primary arterial reconstruction stage (Table 2).

The structure of secondary surgical interventions
varied considerably between the two groups. In the
main group (Group M), extra-anatomic bypass was
performed in 8 (27.6 %) patients, whereas no such cas-
es were observed in the comparison group (Group C)
(p=0.0014). Additionally, wound reconstruction us-
ing muscle flaps, PFAP flaps (Profunda Femoris Ar-
tery Perforator), and autografting, was performed sig-
nificantly more frequently in the main group (Table 3).

At the fourth level (Role 2) of care, additional fas-
ciotomy was performed in 6 cases (20 %) in the main
group and in 14 cases (34 %) in the comparison group.

The early closure of exposed arteries in gunshot
wounds with viable muscle is well justified, as it di-
rectly influences the integrity of the vascular suture
[11, 13, 16]. However, within the first week post-
injury, achieving such an outcome is often challeng-
ing due to extensive wound contamination and the
necessity for staged surgical debridement to remove
devitalized tissues (Table 4).

Comparison of treatment approaches

Thus, the treatment of patients in the main group dif-
fered significantly from that in the comparison group.
In the main group, wound closure was performed us-
ing rotational muscle flaps (Fig.2) or fasciocutane-
ous flaps when an extensive tissue defect was present
and it was impossible to cover the vascular bundle
with viable muscles after a series of repeated staged
surgical debridement combined with NPWT and
targeted antibiotic therapy to reduce infection.

Management of complications
and extra-anatomic bypass

When it was not possible to rapidly control the in-
fection within the wound or in cases of complica-
tions arising from the reconstructed vessels (Fig. 3),
the method of extra-anatomic bypass (Fig. 4, 5) was
applied to restore blood supply to the limb. This was
followed by subsequent staged surgical debride-
ment and closure of the wound defect.
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Table 2. Characteristics of primary surgical
interventions

Type of intervention ((;;0:591\)4 ((}111‘0=ui)1§3
é;;oggre;f(t)ﬁlsg interposition 8(27.6%)  8(19.5%)
PTFE- grafting 2(6.9%) 3(7.3%)
Arterial suture 9(331.0%) 15(36.6%)
End-to-end anastomosis 8(276%) 12(29.3%)
Main artery ligation 2(700%)  3(7.3%)

Fasciotomy of the lower leg

29(100.0%) 41 (100.0%)
20 (69.0%) 27 (65.9%)

Bone fracture fixation

All p>0.05.

Table 3. Characteristics of secondary surgical
interventions

Type of intervention ((;11;0:5)91\)/[ ((;:;(:TS
ég;"ggf;f‘tﬁsgimerposmon 5(172%)  12(293%)
Extra-anatomic bypass 8(27.6%) 0*

M. gracilis rotation flap 6(20.7%)  2(49%)
M. gastrocnemius rotation flap 5(17.2%) 0*

M. sartorius rotation flap 4(13.8%) 0*
PFAP- flap 2(6.9%) 0
Main artery ligation 6(20.7%) 8(19.5%)

Staged repeated surgery

rebment, NDWT 29(100.0%) 41 (100.0%)

11(37.9%) 20 (488%)
17 (58.6%) 11 (26.8%)*
6(20.7%) 14 (34.1%)

Wound suturing

Skin grafting

Additional fasciotomies

The difference from the group M is statistically significant (p<0.05).

Table 4. The terms of reconstructive
and plastic interventions in the wounded
patients from the main group

Time since injury, days

Intervention

4-7 8-11  12-15
Gastrocnemius muscle flap - 4 1
Gracilis muscle flap 2 3 1
Sartorius muscle flap 1 1 2
PFAP-flap 1 1
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Figure 2. Coverage of the iliofemoral PTFE-graft
in the upper third of the right thigh
with a m. gracilis flap
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Figure 3. Erosive bleeding after primary
reconstruction from the SFA suture area. The
wounded patient sustained an explosive shrapnel
injury to the right thigh, causing damage to both
the superficial femoral artery and vein. The patient
presented with hectic fever, elevated C-reactive
protein levels (190-230 mg/L), and a significant left
shift in the leukocyte formula. Extensive necrosis
of the adductor muscles and partial involvement of
m. vastus intermedius were observed in the wound.
The artery was exposed and unprotected, located
within a purulent-necrotic focus

Ilustrative case and vascular
reconstruction technique

For example, Fig. 5 illustrates a treatment stage for
a patient in the main group. In this case, a combined
injury involving the sigmoid colon and external
iliac artery was managed with an extra-anatomic
crossover iliofemoral PTFE bypass to prevent con-
tamination of the vascular reconstruction site.

When extra-anatomic bypass was technically
unfeasible or in cases of complications involving
the reconstructed vessel (Fig. 6, 7) and progressive
necrotic-infectious processes in the affected zone, li-
gation of the major artery (typically the superficial
femoral artery in the upper and middle thirds of the
thigh) was performed.

Management of arterial ligation
and ischemic complications

Surgical interventions involving ligation of major
arteries in the femoral segment required careful post-
operative monitoring of the patient’s condition. If the
limb exhibited good tolerance to ischemia, vascular
reconstruction was performed on a delayed basis fol-
lowing wound decontamination or even complete
healing. However, if ischemia of the distal muscle
groups progressed — evidenced by elevated creatine
phosphokinase (CPK) levels, increased pain syn-
drome, and signs of ischemic neuropathy — a decision
was made to proceed with limb amputation.
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Figure 4. Restoration of blood flow in the extremity via extra-anatomic femoropopliteal bypass using
autogenous vein graft through the space between the rectus femoris and vastus intermedius muscles.
Thepurulent-necrotic area is centrally located after debridement and preparation for NPWT system
application. Distal, above the knee (A), and proximal (B) anastomoses. Extraanatomic femoro-politeal bypass (C):
1 — femoropopliteal bypass; 2 — stumps of the ligated superficial femoral artery

Figure 5. Injury to the left iliac fossa with damage
to the external iliac artery, combined with

a penetrating abdominal wound involving

the sigmoid colon. Due to failure of the primary
ilio-femoral bypass, extra-anatomic crossover
ilio-femoral PTFE-bypass was performed from
right to left to achieve revascularization.
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Comparison group treatment approach

Patients in the comparison group were managed
using staged repeated surgical debridement with
NPWT and subsequent staged wound closure. Com-
plications associated with vascular reconstruction,
such as erosive bleeding, thrombosis, and progression
of necrotic-infectious processes, were treated through
repeated arterial defect suturing, bypass with autoge-
nous vein grafts (interposition), thrombectomy, or ar-
terial ligation with continued monitoring. In cases of
progressive limb ischemia or recurrent vascular graft
erosions, amputation was performed.

It is important to note that both groups initially
received empirical antibiotic therapy, which was lat-
er adjusted to targeted antibacterial treatment based
on bacteriological culture results. The spectrum of
wound infection pathogens did not show significant
differences between groups (p >0.05, Table 5).

General Surgery 3azansnaxipypzis * 2025 ¢ Nel (12)



- e B

Figure 6. Erosive bleeding in a patient with

an extensive soft tissue defect and a gunshot
comminuted femoral fracture on day 8 of treatment
following thrombectomy of the superficial
femoral artery for post-traumatic thrombosis.
NPWT was applied. The hemorrhage occurred due
to arterial erosion in the setting of inflammatory
changes, distal to the arteriotomy site. Direct
compression was applied at the projection of the
common femoral artery

Figure 7. The forceps indicate the site of vascular
suture rupture

Complications associated
with vascular reconstruction

Wounds characterized by extensive soft tissue de-
fects and gunshot fractures carry a high risk of com-
plications involving reconstructed vessels [1, 3, 7,
9]. In both study groups, cases of erosive hemor-
rhages were observed, resulting from either suture
line failure, arterial wall destruction, or graft ero-
sion. Additionally, thrombosis of the reconstructed
arterial segment and suppuration of the vascular
bundle area were reported.

General Surgery 3azansuaxipypein * 2025 ¢ Nel (12)
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Table 5. Characteristics of wounded patients
depending on the predominant wound microflora

Microorganism ((;;0:591\)/[ ((;;(;u£1():
Klebsiela pneumoniae 17 (58.6 %) 28 (68.3 %)
Acinetobacter spp., baumanii 10 (34.5%) 21(51.2%)
Proteus mirabilis 4(138%) 8(19.5%)
Staphlococcus aureus 4(13.8%) 1(24%)
Enterococcus faecium 5(172%) 6(14.6%)
Pseudomonas aeruginosa 9(31.0%) 17 (41.4%)
Staphilqcoccus haemoliticus 5172%)  3(73%)
(B KpoBi)

E. coli 6(207%)  5(12.2%)
All p>0.05.

Table 6. Complications of the restored arteries

.. Group M Group C
Complications (n=29) (n=41)
Erosive bleeding 5(172%)  6(14.6%)
Reconstruction segment o o
thrombosis 3(103%) 7(171%)
Infection, suppuration o o

11(379%) 19 (46.3%)

in the area of restored vessels

All p>0.05.

There were no significant differences in the com-
plication spectrum between Group M and Group C
(Table 6).

Complications of vascular reconstruction
In the main group (Group M), the complications as-
sociated with reconstructed arteries were as follows:
erosive bleeding — 5 cases (see Fig. 6), thrombosis of
the reconstructed segment — 3 cases, and infection
(suppuration) in the vascular reconstruction area —
11 cases. In the comparison group (Group C), the
complications associated with reconstructed ar-
teries were as follows: erosive bleeding — 6 cases,
thrombosis of the reconstructed segment — 7 cases
(Fig. 8), and infection and suppuration in the recon-
structed vascular area — 19 cases.

Secondary amputations peaked in both groups
during the second week of treatment (Table 7).

Treatment Outcomes and Statistical Analysis
The treatment outcomes in the main and comparison
groups exhibited significant differences (Table 8).
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with an explosive shrapnel wound to the left lower limb involving injury to the distal portion of the
superficial femoral artery. Chronology of secondary surgical interventions: 1) GSV graft thrombectomy,
2) re-bypass procedure, 3) thrombectomy, 4) revision of tibial arteries, 5) amputation at the mid-thigh
level. Angoigraphic picture GSV graft thrombosis (A). Longitudinally dissected autogenous vein graft with
thrombotic masses (B)

Table 7. Terms of amputations

Time since injury, days

Group
3-6 7-10 11-14 15-20
Main - 3 2 -
Comparison 2 8 7 2
Table 8. Treatment outcomes in the groups
Group M Group C
Treatment outcome (n=29) (n=41)

Limb preservation 24 (82.8%) 22(53.7%)*

Amputation (within 4 weeks

from the start of treatment) I(LH2) 1R
Referred to the orthopedic
department after wound healing 14.(483%) 15 (36.6%)

to change the method of bone
fixation

The difference from the group M is statistically significant (p <0.05).
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The limb preservation rate was significantly high-
er in the main group, with 17.2 % amputations and
82.8% limb salvage, compared to the comparison
group, where 46.3 % of patients required amputations,
leaving only 53.7 % with preserved limbs. Statistical
analysis using the % test and Fisher’s exact test dem-
onstrated the statistical significance of the improved
surgical algorithm in reducing amputation rates
(x*>=5.16; p=10.023; Fisher’s exact test, p=0.02).

Discussion

The wounded patients in this study cohort were char-
acterized by extensive soft tissue defects and gunshot
fractures. Numerous studies analyzing predictors of
poor outcomes in vascular trauma have highlighted
the presence of extensive soft tissue defects and con-
comitant fractures as key factors contributing to
higher secondary amputation rates [1, 2, 7, 10]. This
study aimed to improve treatment outcomes specifi-
cally for this high-risk patient category.

General Surgery 3azansuaxipypein * 2025 ¢ Nel (12)



Lauren T. Greer et al. conducted a single-center
study on vascular graft failures in combat casualties
transferred to a tertiary hospital in the continental
United States. The study included patients who
had undergone limb vascular reconstruction in Iraq
or Afghanistan and later experienced graft rupture.
Among 10 secondary complications, 4 (40 %) cases
were erosive hemorrhages, which the authors asso-
ciated with concomitant gunshot fractures, soft tis-
sue defects, and infection [2].

The original MESS (Mangled Extremity Se-
verity Score) study (1990) concluded that a score
above 7 strongly predicted the need for amputation.
All patients in our study cohort had MESS scores
exceeding 7. However, recent studies have shown
that advancements in technology have reduced the
accuracy of MESS in predicting amputations. This
improvement is attributed to modern vascular re-
construction techniques, enhanced resuscitation
and anesthesia protocols, and advanced fracture
fixation methods [12]. Other studies suggest that
while MESS is useful for outcome prediction, it
is not sufficiently precise to be relied upon exclu-
sively [11]. Our findings support this view, as all
patients in our cohort exceeded a MESS score of 7.
We aimed to demonstrate the technical possibilities
of limb preservation, following careful evaluation of
the patient’s general condition and the functional
capacity of the preserved limb in the future.

According to literature data, the most common
early complications in the treatment of gunshot
wounds to the lower limbs with arterial injuries are
recurrent thrombosis in the reconstructed segment,
accounting for 72—80 % of vascular graft complica-
tions [2, 4, 6]. Bleeding due to graft or anastomosis
failure are the second most frequent complication.
Our study, however, found a higher proportion of
secondary hemorrhages (48 % thrombosis vs. 52 %
bleedings). The higher rate of hemorrhages may be
attributed to infection activity and wound necrosis
expansion rather than purely surgical technique lim-
itations. The first one can be both a consequence of
imperfect surgical technique and progression of the
infectious process in the wound. Secondary bleed-
ing can be caused exclusively by the progression of
infection activity and the expansion of necrosis in
the radial tissue displacement area produced by the
temporary cavity.

In our study cohort, the overall amputation rate
was 34 %, with 66 % of limbs preserved. However,
it is essential to note that our cohort consisted ex-
clusively of severe injuries with extensive tissue loss
and associated trauma. In contrast, Amila Sanjiva
Ratnayake et al. analyzed risk factors for failed arte-
rial reconstruction based on data from 129 combat
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casualties in Sri Lanka, reporting an amputation
rate of 20 % following failed vascular reconstruction
[1]. Similarly, Robert B. Laverty et al. studied vas-
cular reconstruction outcomes in military trauma,
describing secondary amputations in 23 % of pa-
tients who had undergone femoropopliteal segment
vascular repair [6].

Difficulties in treating these patients arise at
the stage when the infectious process actively pro-
gresses within the wound, and the vascular bundle
or graft is either surrounded by infected tissues or
completely exposed over a large area, with no viable
tissue available for coverage. This condition signifi-
cantly increases the risk of multiple complications.

An effective strategy for limb salvage in cases of
early complications (such as thrombosis and erosive
bleeding) is extra-anatomic bypass. This technique
involves placing the vascular graft and anastomoses
within relatively healthy tissues, away from necrot-
ic zones [2, 4, 13, 15]. This method is particularly
justified in cases where the graft cannot be covered
with viable tissues, either due to initial massive soft
tissue loss or subsequent extensive necrectomies
during wound debridement. Furthermore, placing
a graft within the original vascular bundle site be-
comes impossible when infection-induced hemor-
rhage develops at the reconstruction site [13, 14]. In
such cases, extra-anatomic bypass remains the only
viable option for limb salvage [13, 14].

According to David Feliciano, the indications
for extra-anatomic shunting in vascular trauma in-
clude: 1) extensive soft tissue loss over the injured
vessel, 2) incisional infection with blowout of an
underlying vascular repair, and 3) simultaneous in-
fections in soft tissue and underlying native vessel
secondary to injection of illicit drugs.

For lower limb explosive and gunshot wounds
with major arterial injuries, the most commonly per-
formed extra-anatomic bypass procedures include
1) crossover femoro-femoral bypass, 2) ilio-fem-
oral bypass (see Fig.6, 8), 3) ilio-popliteal bypass
through the obturator foramen or lacuna musculo-
rum, 4) femoro-anterior tibial (or peroneal) bypass
along the lateral leg surface, and 5) femoropopliteal
bypass between the quadriceps muscle layers (see
Fig. 5) [13, 14].

However, not all vascular injuries can be managed
with extra-anatomic bypass. Extensive soft tissue
defects in the popliteal fossa, which prevent cover-
age of the exposed vascular reconstruction site, pose
a major challenge. In such cases, immediate wound
closure with musculocutaneous or muscle flaps may
prevent limb loss, but only if infection control is
concurrently achieved. Conversely, David Felici-
ano warns against over-reliance on plastic surgery
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techniques in such complex injuries, particularly in
cases of gunshot wounds or severe infections from
illicit intravenous drug use. The combination of ex-
tensive vascular damage, soft tissue loss, and deep
muscle cavitation complicates reconstruction. Feli-
ciano notes that rotational muscle flaps may be inef-
fective due to multiple metallic foreign bodies, local
edema, and large wound cavities [22].

Limb amputation in cases of vascular reconstruc-
tion failure should only be considered after thorough
revision of the major arteries, muscle compartments,
and the patient’s overall condition, particularly
when multiple injuries are present [8, 11, 12]. If se-
vere vascular complications render safe revascular-
ization impossible and fasciotomy reveals exten-
sive muscle necrosis, amputation may be required.
However, if muscle viability persists and some tissue
responsiveness remains, limb salvage should be at-
tempted through continued staged treatment.

In cases of complex polytrauma, such as chest, ab-
dominal, pelvic, or severe cranial injuries, life-saving
interventions must take priority over limb preserva-
tion. In such scenarios, timely amputation of a se-
verely damaged limb may improve the overall prog-
nosis and redirect trauma recovery towards survival.

Conclusions

The implementation of an improved surgical algo-
rithm for the treatment of gunshot injuries to major
arteries in the lower extremities, accompanied by
extensive soft tissue defects, significantly reduced
the amputation rate in our study, from 46.3% to
17.2% (p=0.02).
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JIikyBaHHA BOTHENAJIbHUX IIOPAHEHDb MATiCTPAIIbHUX ApTEPIN
i3 MACUBHUMH Jie(pEeKTAMU M’ IKUX TKAHUH

M. B. llleneros !, K. B. I'ymeniok -2

! HanionanpHuii BIHCbKOBO-MeAMYHUI KIiHiYHMIA 1eHTp «[010BHMIA BificbKoBUI KJIiHIUHMIT TocHiTanb>, Kuis

2 VkpalHcbKa BilicbKOBO-MeM4Ha akazieMist, kKadepa BilicbkoBoi xipyprii, Kuis

Mera — IOJIIIIUTY PE3YJIBIATH JIKYBAHHS BOTHEIIA/IbHUX [IOPAHEHb HIDKHIX KiHITIBOK i3 YIIKO/KCHHAM Mari-
CTPAILHUX APTEPIN i MACMBHUMMU JIe(PEKTAMU MAKHX TKAHMH IIAXOM MNPOMUIAKTUKY YCKIAJHEHD Td BIIPOBA-
JDKEHHS AKTUBHOI XipyPriyHOL TAKTUKU 34 BIOCKOHAJICHUM JITOPUTMOM.

Marepiagau Ta METOOH. [IpOBEEHO aHA3 KOTOPTH MAIIi€HTIB i3 BOTHEMATIBHUMU ITOPAHEHHAME CTETHOBO-
HiIKOTIHHOI'O CETMEHTA HIDKHIX KiHIIIBOK i3 MONIIKO/PKEHHAM MAariCTPaIbHUX apTepiil i BEIUKUM JedEKTOM
M’SIKUX TKAHUH, IKi OTPUMAJIN IIOPAHEHHS B PE3Y/IBTaTi G0MOBUX [Iilf Ta MPOXOAW/IN JIiIKyBaHHA B HarjioHaIbHO-
My BiliCbKOBO-MEJMYHOMY KIiHiYHOMY LIEHTPIi «JOJIOBHUH BIHCHKOBMM KIiHIYHUIA rocmiTanb> y 2014—2024 pp.
ITanieHTiB PO3NOAUIMIIN HA Bl I'PYIIU. B OCHOBHIM I'pyIli (N =29) NMaLi€HTiB JIiKyBaJI 3 BAKOPUCTAHHAM YAOCKO-
HAJIEHOTO XipypridYHOrO aJrOPUTMY (3 BUOIPKOBUM 34CTOCYBAHHSAM EKCTPAAHATOMIYHUX METO/IiB Bi/JHOBJICHHSA
KPOBOTOKY, IIEPEBA3KN MAriCTPAIbHUX apTEPiil (30HA PEKOHCTPYKLl AKUX Majld YCKIAJAHECHHA) i aKTUBHUM
BUKOPHCTAHHAM POTALMHUX MIKiPHO-(PACIIAIBHUX T4 M’SI30BUX KIANTIB I 3aKPUTTA Je(PEKTIB MIKHIX TKA-
HUH y 30Hi CyJMHHOI PEKOHCTPYKILLil), y I'PyIli OPiBHAHHA (N=41) Nali€eHT OTPUMYBAJIN JIIKYBAHHA 34 CTAH-
JAPTHOIO METOJUKOIO (€TarHi Xipypriuni o6po6xu, NPWT-Tepamnis, eTanHe ylmuBaHHA PaH). YCi NalieHTu —
YOJIOBIKU BiKOM Bif] 23 710 57 POKIB.

PesyiasraTH. OCHOBHUMU IPUHIUITAMH BIOCKOHAJIEHOT'O AJITOPUTMY € Bifidip MAIi€HTIB i3 MaCUBHUM Jie(DEK-
TOM M’SIKUX TKAHHH Y 30Hi BifHOB/IEHOI apTepii (> 100 cM?), 30Kpema i3 CYIIyTHIM BOTHEAIBHUM IIEPEIOMOM
kictku Il1c Tuny 3a kiacudgikaniero Gustilo-Anderson, SIKOMOTA PaHille 3aKPUTTS PAHH 3 BUKOPUCTAHHSM POTa-
iIMHUX MIKipHO-(PACIHAIBHUX i M’I30BHUX KJIAIITIB, 110 326€311e4y€e HAIMHE YKPUTTS CYIMHHO-HEPBOBOTI'O ITYYKA4,
MPH yCKIAJHEHHAX Y BiTHOBJIEHII apTepil (apo3is, TPOMO03, POrpeCyBaHHsA iH(PEKIIMHOIO IPOLIECY) — 34CTO-
CYBaHHA METOJIB €KCTPAaHATOMIYHOIO IIYHTYBAHHHA, 34 HEMOMJIMBOCTI €KCTPAAHATOMIYHOIO BiJHOBJIEHHSA
KPOBOIIOCTAYaHHA — IIEPEB’I3KA MAriCTPAIbHOL apTeEPii 3 AMHAMIYHUM CIIOCTEPEXKEHHAM 34 CTAHOM KiHLIIBKU
imanienTa. ITpy 33J0BUIBHII TOEPAHTHOCTI O i€ Mii MiC/IA 3aBEPIIEHHA AKTUBHOT'O iH(PEKIIIHHOIO IPOLIECY —
BiITEPMiHOBAHE BiTHOBJIEHHA MATiCTPAJIBHOI'O KPOBOIIOCTAYAHHS, IIPU IIPOIPECYBAHHI ileMii Ha 'TJ1i JIIrOBaHO1
aprepii Ta 3arub6esti M’A3iB — aMITyTallisl KiHI[iBKH. YCTAHOBJICHO, 1110 YACTOTA 30€PEKEHHS KiHIiBKU Oy/1a 3HAYHO
BHIIOIO B OCHOBHIM Ipytii: 17,2 % amrryrartiit i 82,8 % 36epeKCHUX KiHIIIBOK, TO/I SIK y TPyIIi MOPIBHAHHST — 46,3
Ta 53,7 % BignoBimHO. CTATUCTUYHUI AHAII3 OTPUMAHHNX JAHUX BUABHUB CTATUCTUYHY 3HAYYIIICTb YIOCKOHA-
JICHOT'O AITOPUTMY XiPypriqHOrO JiKYBAHHS I1i€l KOTOPTH MOPAHCHUX AL 30EPEKEHHS KIHIHBOK (x2=5,16;
p=0,023, Tounui tect Pimepa p=0,02).

BuCHOBKH. YIIPOBA/PKEHHA BIOCKOHAJIEHOI'O XiPYPTi9HOIO AJITOPUTMY B JIiIKyBAHHA BOTHENIAIbBHUX IIOPAHEHD
MATiCTPAIPHUX APTEPiF HWKHIX KiHIIBOK i3 MACMBHHUMH AE(PEKTAMH M'SIKMX TKAHUH JAJIO 3MOLY 3HU3UTH
YACTOTY AMITYTALH TP LHX TSDKKUX BUAAX OOMOBOI TpaBmiu 3 46,3 1o 17,2 % (p=0,02).

KIr0490Bi €10Ba: BOTHECHAIbHI OPAHEHHS, BOTHEMAIbHI Ta BHOYXOBi MOIIKO/KEHHS apTEpil HIDKHIX
KiHITiBOK, €KCTPaaHATOMIUHE IIYHTYBAHHS, PEBACKY/IAPHU3ALLid HIDKHIX KiHI[IBOK, aMIIyTallis, BrparTa KiHIIiBOK,
30€pEKEHHS KiHIIiBOK.
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