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INTRODUCTION
Gunshot wounds to the lower extremities are the most 
common among all gunshot wounds in the war time 
and account for 70-75% according to various authors 
[1-3]. The frequency of lower limb injuries is twice as 
common as upper limb injuries. As extremity injuries 
are evaluated, each of the four functional components 
(nerves, vessels, bones, and soft tissues) must be con-
sidered individually and together [4]. To achieve the 
best treatment outcomes, a multidisciplinary approach 
involving vascular surgeons, orthopedics, plastic sur-
geons, and rehabilitation specialists is necessary. In 
modern medicine, limb salvage is preferred in cases 
of severe gunshot injuries [3]. While maximum efforts 
are directed towards avoiding amputation in cases of 
extensive upper limb injuries, severe lower limb injuries 
can pose a threat to life and dictate the necessity of 
amputation under such circumstances [1,2]. Measures 

for early return of limb function after reconstruction are 
necessary but may not always be implemented. 

THE AIM
To improve the diagnostics and treatment of the casu-
alties with gunshots of the extremities with extensive 
soft tissue injury. 

MATERIALS AND METHODS
From February the 24th, 2022 to March the 23d, 2023, the 
case-series 60 wounded male patients with gunshots of 
the lower extremities and extensive defects of the soft 
tissues were treated in the surgical department of the 
Zaporizhzhia Military Hospital. All sixty patients were 
men aged 21 to 63 years, with a mean age (mean (M) 
± standard deviation [SD]) of 36,2±9,7 years.

THE MANAGEMENT OF THE VICTIMS WITH GUNSHOT 
WOUNDS OF THE EXTREMITIES WITH EXTENSIVE DEFECTS 
OF THE SOFT TISSUES AT THE LEVEL OF QUALIFIED MEDICAL 
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ABSTRACT
The aim: To highlight the original experience of diagnosis and treatment of patients with gunshot wounds of the extremities with extensive defects of the 
soft tissues. 
Materials and methods: The total number of treated patients with massive gunshot wounds from February 2022 to March 2023 was 60 males. Basic labo-
ratory tests, X-rays of the affected limbs were performed to all patients. USS of the vessels with color Doppler was performed to those casualties who had no 
peripheral pulses on the wounded extremity. All injured persons underwent wound debridement and fasciotomy on the day of admission, 8 more casualties 
underwent surgical interventions on the major vessels and nerves. 
Results: Good treatment outcomes for patients with extensive soft tissue injury were achieved by early surgical intervention to remove non-viable tissue. 
Limb preservation was achieved in 98.3% of cases. 
Conclusions: The study’s conclusion emphasizes the importance of a multidisciplinary approach to treating patients with gunshot wounds to the limbs with 
extensive soft tissue injury. Early surgical interventions with the removal of non-viable tissues are necessary for good outcomes. Revascularization of the affected 
limb is essential in case of major vessel injury if there is no thread to the life.  

  KEY WORDS: gunshot wounds of the extremities, extensive soft tissue defects, injury to the neurovascular bundle, limb salvage surgery, vacuum-assisted 
wound therapy
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The general condition was considered severe in 19 
wounded patients, while the rest of the 41 were of 

moderate to severe condition. All the patients received 
initial medical aid on the battlefield, then at stabiliza-
tion points, and later medical assistance in advanced 
surgical groups (medical-surgical teams, advanced sur-
gical groups). Combined and associated injuries were 
accounted in 19 (32%) of the wounded militaries, while 
isolated limb injuries occurred in the rest of the 41. All 
patients gave consent for the processing of personal 
data. The types of associated injuries are presented in 
Table І. 

Isolated defects of the soft tissues were present in 41 
(68%) of cases, 11 (18%) were diagnosed with gunshot 
bones fractures, and in 8 (14%), there were gunshot 
fractures of large tubular bones with damage to major 
vessels and nerves (Figure 1).

Seventeen (28,3%) patients had comorbidities (Table ІІ).
Upon arrival of the casualties and the triage, an as-

sessment of their general condition and injuries was 
carried out. Urgent measures were taken according to 
the MARCH protocol. After physical examination and 
blood tests, the casualties underwent an X-ray examina-
tion of the affected limbs. Other additional diagnostic 
methods (FAST protocol, CT of the head, neck, chest, 

Fig. 1. Distribution of the wounded by 
injuries of different anatomical struc-
tures of the limb. 

Fig. 2. Histogram of the distribution of 
patients by age.

Fig. 3. The outcomes of the soft tissue defects closure.
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abdomen, pelvis, and ultrasound examination with 
color doppler) were performed as indicated. Special 
attention was paid to ultrasound examination with 
color doppler using the VSCAN AIR device, which was 
performed on 48 patients. Arterial and venous blood 
flow in the distal parts of the limbs upon admission 
of the casualties were assessed. Before the closure of 
soft tissue defects with skin-muscle flaps, a thorough 
US examination of the vascular pedicles with marking 
was performed. 

Patients with severe general conditions were stabi-
lized in the intensive care room. All casualties under-
went surgical interventions on the day of admission 
after performing basic diagnostic tests and stabilizing 
severe conditions. The types of surgical interventions 
are presented in Table III.

The decision regarding salvage VS amputation of 
the injured limb with major vessels injury was made 

using Mangled Extremity Severity Score (MESS). Pri-
mary revascularization using autologous venous graft 
was performed in all eight cases of injuries to major 
vessels, with no use of temporary shunts. An external 
fixation device was applied to 12 (20%) of patients with 
gunshot fractures of long bones. Early closure of soft 
tissue defects was performed in 6 (10%) of patients, 
using split-thickness skin grafting in 4 cases, keystone 
flap reconstruction in 1 case, and a rotated flap on a 
vascular pedicle in 1 case. 

Negative pressure wound therapy (NPWT) was per-
formed in 5 (8.3%) of the patients at this level. After the 
completion of the surgeries, 31 (52%) of the injured 
militaries were sent to the next level of care within 24-
72 hours. The average length of stay for the remaining 
29 patients was 8 days. Further observation was carried 
out through telephone interviews with the patients and 
retrospective analysis of medical records.

Statistical data analysis was conducted in the program 
Statistica 13. The data were checked for normality of 
distribution according to the Shapiro-Wilk criterion. 
Quantitative variables were presented as M±SD, quali-
tative ones – as percentages. The statistical significance 
of the differences between the groups was established 
by the Student’s criterion. The level of statistical signif-
icance was p <0.05.

RESULTS
All sixty patients were men aged 21 to 63 years, with 
a mean age (mean (M) ± standard deviation [SD]) of 
36,2±9,7 years (Figure 2).

The figure 2 shows that the distribution has a positive 
asymmetry, that is, a shift towards older age, but the 
deviation from the normal distribution law has not 
acquired statistical significance (p>0.05 according to 
the Shapiro-Wilk criterion).

It should be noted that patients with comorbidities 
were statistically significantly older in age, their average 
age was 46,5±6.3 years (p = 0.0001 compared with the 
entire group of patients (36,2±9,7)). The average age 
of those who did not have comorbidities was 32.1±7.6.

After initial evaluation 34 patients had absent pulse 
on the dorsalis pedis and posterior tibial arteries, 
therefore injury to the major vessels was suspected. US 
doppler revealed the absence of the central blood flow 
(only collateral flow was present) in 8 patients. Injury 
to major vessels was confirmed intraoperatively in 7 of 
those, therefore the sensitivity of the USS was 87,5%. 
One patient whose USS of the vessels was normal was 
diagnosed intraoperatively with the side injury of the 
superficial femoral artery; thus, false negative result of 
the method was 12,5%.

Table І. Associated injuries in patients with gunshot wounds of the 
extremities with extensive soft tissue injuries

Associated injuries Number of patients

Head injury 5

Acustic trauma 6

Hemopneumothorax 2

Eardrum rupture 2

Injury to the ligaments of the limbs 2

Total 15

Table ІІ. Comorbidities in the patients with extensive soft tissue injury
Comorbidities Number of patients

High blood pressure 6

Coronary artery disease 4

Chronic obstructive pulmonary disease 3

Blood diseases 1

Peptic ulcer 1

Benign prostatic hyperplasia 1

Others 1

Total 17

Table ІІІ. Surgical procedures performed on the patients
Type of surgery Number of patients

Wound debridement 42

Wound debridement + NPWP 5

Wound debridement + External fixation 
of the fractures 6

Wound debridement + intervention to 
major vessels + External fixation of the 

fractures
6

Amputation 1

Total 60
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Surgical debridement, fasciotomy, and external 
fixation of the fractured bones were uneventful in all 
patients. 4 (66%) patients who underwent primary 
wound closure had no graft complications. The grafts 
were viable and the wounds healed by primary tension. 
One patient with split-thickness skin graft developed 
partial lysis of the graft. One patient developed mar-
ginal necrosis of the flap on the vascular pedicle. Both 
underwent secondary grafting with good outcomes. 
Outcomes of soft tissue defects closure in Figure 3.

Surgical revascularization was successful in 7(87,5%) 
cases. One patient developed thrombosis of the popli-
teal artery distal to the anastomosis developed, which 
required reoperation, vascular exploration and throm-
bectomy. Below knee amputation was performed in 
one case due to massive soft tissue loss. All 5 patients 
who received NPWD tolerated the procedure well and 
continued at the next level. There were no mortality 
cases during the treatment period in our facility.

DISCUSSION
Fast diagnostics of the injuries in wounded militaries with 
gunshots to the extremities is essential in achieving the 
best outcomes, limb selvage and good functionality. A plain 
X-ray of the injured limb and basic laboratory tests is enough 
for diagnosis unless an injury to the neuro-muscular bundle 
or associated injury is suspected. In our study ultrasound 
scan with colored doppler was performed in case of absent 
pulses on the dorsalis pedis/posterior tibial artery in 34 pa-
tients. The sensitivity of the method was high (87,5%). The 
false negative result was in one case, therefore USS with 
color doppler is highly useful in case of a gunshot wound of 
the extremities with extensive soft tissue injury if an injury 
to the major vessels is suspected. Speed, noninvasiveness, 
and accessibility of the USS make the diagnosis quick and 
lead to improvement of the limb selvage.

The urgent surgical removal of non-viable tissue is a nec-
essary condition for achieving best treatment outcomes in 
patients with extensive soft tissue injury [13]. In our study, all 
patients underwent surgery on the day of hospitalization, 
including critically ill patients after stabilization of their gen-
eral condition. Application of external fixation device (EFD) 
in case of associated fracture of the long bones is necessary 
not only for restoring bone integrity but also for preventing 
soft tissue injury to the affected limb [4,5], creating more 
favorable conditions for faster wound healing, regardless 
of whether plastic closure of defects was performed or not. 
We performed wound debridement and fasciotomy to all 
patients on the day of admission including those in severe 
condition after the stabilization in intensive care room. In 
our study, external fixation device was applied to all twelve 
patients with gunshot fractures, allowing us to focus on 

treating soft tissue defects during the postoperative period. 
Revascularization of the limb in case of damage to major 
arteries is a priority if limb selvage surgery is feasible (less 
than 7 points according to the MESS scale) [7]. In our study, 
temporary vascular shunts were not used as the patient’s 
stable general condition, absence of mass casualty situa-
tion, available equipment, and qualifications of vascular 
surgeons allowed for primary revascularization, which is 
a necessary condition according to most authors [8,9]. 
Amputation of the lower limb was performed in one case. 
The indication was extensive soft tissue loss and a negative 
prognosis for the functional state of the limb. We agree with 
the majority of authors’ opinion [10, 14, 15] that prosthetic 
replacement of the lower limb provides better functional 
outcomes than limb salvage surgery when there is exten-
sive muscle loss and significant nerve injury. Early closure 
of the soft tissue defects has reduced the time for wound 
healing and expedited the return to military duty despite of 
minor complications (33% of cases) like split-thickness graft 
lysis and partial necrosis of the rotated flap on the vascular 
pedicle. NPWT is a highly effective method of treating exten-
sive soft tissue defects in the absence of contraindications 
[11,12]. In our study, NPWT was performed in five patients, 
and the vacuum dressing was applied on the second day 
after surgery - we believe that the immediate use of a vac-
uum dressing after surgery is not safe due to the increased 
risk of bleeding from the “fresh” wound. In cases of extensive 
extremities soft tissue injury due to gunshots the efforts are 
made to avoid amputation. Good outcomes were achieved 
in 93% of cases as a result of chosen diagnostic plan and 
surgical strategy in gunshot wounds of the extremities 
with extensive soft tissue injury. Most of the patients were 
evacuated in stable condition, and vacuum dressings were 
used on further levels of care.

 

CONCLUSIONS
1.  Management of patients with gunshot wounds to 

extremities and extensive defects of soft tissues is a 
challenging problem that requires a multidisciplinary 
approach. Basic diagnostic methods are sufficient for 
making a treatment plan. USS with colored doppler 
is sensitive (87,5%) in diagnostics of injury to major 
vessels; false negative results are rare (12,5%).

2.  Extensive soft tissue injury and gunshot bone 
fractures made the use of external fixation devices, 
NWPT, and early wound closure with a flap necessary 
to speed up the recovery time and the time to return 
to military duty.

3.  Good outcomes were achieved in 93% of cases as a 
result of chosen diagnostic plan and surgical strategy 
in gunshot wounds of the extremities with extensive 
soft tissue injury at the level of qualified medical care. 
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