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ABSTRACT

BACKGROUND: A significant feature of military operations is the widespread use of unmanned aerial vehicles to carry explosive
devices, ensuring their targeted delivery and impact at different levels of the human axial skeleton. This factor significantly
impacts the anatomy and topography of blast injuries. This is evidenced by a greater diversity of injury patterns compared to
previous scenarios, wherein contact mine (contact) blast injuries resulting in lower extremity damage were more prevalent.
Consequently, investigating the injuring effects of abdominal blasts is of significant relevance.

AIM: The work aimed to determine the incidence of abdominal blast injuries and analyze their clinical and anatomical charac-
teristics using available experimental findings on the mechanogenesis of this type of combat injury.

METHODS: The study focused on the clinical and anatomical characteristics of abdominal blast injuries. A comparative analysis
of the clinical progression of traumatic syndrome and surgical outcomes between two patient groups was conducted. The main
and control groups included 52 wounded patients with blast injuries and 65 patients with shrapnel wounds, respectively. The
study groups were comparable in injury severity and baseline condition, with the abdomen being the primary localization of
injuries in all cases.

RESULTS: Clinical and anatomical signs of primary blast injury effects were found in 10.3% of patients with abdominal shrapnel
wounds. The study found that brisance and shock-wave injuries accounted for 46% of cases in the control group and 100%
in the main group. The overall complication rate was 48.1% and 38.5% in the main and control groups (p > 0.05) respectively,
with significant differences (p = 0.07) in Clavien—Dindo grades IlI-IV between the groups.

CONCLUSION: Primary blast injury effects have a significant negative impact on traumatic syndrome progression in patients
with abdominal blast injuries. This includes a higher incidence of pulmonary and soft tissue infections and an increased risk of
intestinal perforations caused by intestinal anastomotic leaks and acute ulcers.

Keywords: blast injuries; abdominal shrapnel wounds; intestinal perforations; primary blast injuring effects; mine injury;
acoustic barotrauma; traumatic syndrome; sepsis.
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KnuHuko-aHaToMuyeckue 0co6eHHOCTU B3PbIBHbIX
NnopaXeHH C BeyLMM NOBPEXAEHUEM OPraHOB XKMBOTA

A.A. CasoHos, [1.H. Pomawienko, H.A. Mainctpenko, H.®. ®omuH, U.A. Makapos, P.K. Anves

BoeHHo-MeaununHcKas akagemus uMm. C.M. Kuposa, CaHkT-Iletepbypr, Poccus

AHHOTALMUA

06ocHoBaHMe. BaxHas 0cobeHHOCTb COBPeMeHHbIX H0EBbIX AEACTBUIA — LUMPOKOE UCMOb30BaHWE B Ka4ecTBe HOCUTENeN
B3pPbIBHbIX YCTPOMCTB HECMMUNOTHBIX JIETaTeNbHbIX anmnapartoB, obecrneunBaloLLMX UX afpecHyl AO0CTaBKy W cpabatbiBaHue
Ha pa3sHOM YpOBHE OTHOCUTENIbHO OCEBOrO CKENETa YesoBeKa. 310, HECOMHEHHO, MOBMIUANO Ha aHaTOMO-ToMOrpaduyeckyto
CTPYKTYPY B3pbIBHbIX NoBpexaeHui. OHa cTana bosee pa3HooOpa3HoW No CpaBHEHUIO C NPELIECTBYOLLMMM BOOPYHEHHBLIMM
KOHMKTaMK, rae npeobnafana Knaccuyeckas (KOHTaKTHas) MUHHasA TPaBMa C paspyLUeHUEM HUMHIUX KOHeYHocTel. Mcxoas
W3 3T0r0, U3ydeHne 0cobeHHOCTEN BO3AENCTBUA MOpaalowmx GaKTopoB B3pbiBa Ha OPraHM3M MOCTPafaBLLMX C BefyLIMM
MOBPEXAEHNEM HMBOTA BECbMA aKTYaslbHO.

Llenb — onpenenuTb YacToTy B3pbIBHLIX MOPaXXEHWN C BEAYLUMM MOBPEXEHUEM OpraHOB XWBOTA M MpoaHanW3upoBaTth
MX KJIMHUKO-aHaTOMUYecKue 0CODEHHOCTU C YYEeTOM 3KCMEPUMEHTaNbHBIX AaHHBIX 0 MEXAHOreHe3e [aHHoro Bupna 6oeBon
TpaBMbl.

MeToapl. M3yyeHbl KIMHMKO-aHaTOMMYeckue 0COOEHHOCTM MOBPEXLEHMIA Y paHEeHbIX C B3PbIBHLIM MOPAMEHUEM MUBOTA.
MpoBefeH CpaBHUTENbHBIN aHaNW3 TeYeHWUs TPaBMaTUYECKOW BOe3HN M pesyNbTaToB XMPYPrUYECKOro JIeYeHUs ABYX Mpynn
naumMeHToB. B 0CHOBHYH rpynmy BKITOYEHbI 52 paHeHbIX C B3pbIBHBIM MOpaXKEHWEM, KOHTPOJbHYIO Fpynny cocTaBuiM 65 na-
LIMEHTOB C OCKONOYHBIMM paHeHWaMU. MiccneiyeMble rpynnbl NaLMeHToB BbiIM CONOCTaBUMBI MO TAXECTU NOBPEXAEHMIA U UC-
XOAHOMY COCTOSIHUIO, NPY 3TOM BeAyLUEeWN JIOKanu3aLmei NOBPEXAEHMIA BO BCEX Clyyasx bbin UBOT.

Pe3ynbtatbl. KnMHUKO-aHaTOMUYECKME NPU3HAKKM BO3LENCTBUSA NEpPBUYHLIX GaKTOPOB B3pbiBa BbisBNeHsb! y 10,3% nauueHToB
C OCKOJIOYHBIMU paHeHWsMU 3kuBoTa. loBpexaeHus B pe3ynbTate BpM3aHTHOMO M yAApPHO-BOHOBOIr0 MeXaH13Ma 0TMeYeHbl
y 46 n 100% cooTBETCTBEHHO paHeHbIX OCHOBHOW rpynnbl. 06LLas YacToTa ocnoxHeHu coctaeuna 48,1% B ocHOBHOM rpynne
1 38,5% — B KoHTponbHoii (p >0,05), Npu 3TOM BbiSIBNEHa TEHAEHLMSA K CTaTUCTUYECKM 3HauUMbIM (p=0,07) pasnnuusmM B oT-
HoweHum ocnoxHenuii IlI-IV crenenm no Clavien—Dindo.

3aksnitoueHue. lNepBuyHbe GaKTOPbI B3pbIBHONM TPaBMbl OKa3bIBAKOT CYLIECTBEHHOE HEraTMBHOE BMSIHWE HA TEYEHUE TpaB-
MaTU4YecKoi BoMe3HW NpY B3PLIBHOM NOPAXEHUN XMBOTA, YTO NPOABISETCS YBEMYEHUEM YaCTOThl MHAEKLMOHHBIX OCIOXK-
HEHWUW CO CTOPOHBI NIETKUX M MSATKUX TKaHeW KOHEUHOCTEN, a TakKe TeHAeHuMen K bonee yactoMy passutuio nepdopaumii
KMLLEYHOr0 TpaKTa BCeACTBUE HECOCTOSATENIBHOCTU MEMKULLEYHbIX aHAaCTOMO30B M OCTpbIX f3B.

Kntouesble cnoBa: B3pbiBHbIE NOPAXKEHMS; OCKONIOYHbIE PaHEHUSA UBOTa; NephopaLMv KULIEYHOrO TPaKTa; NepBuYHble daK-
TOpbI B3pbIBHOW TPaBMbl; MUHHas TpaBMa; aKybapoTpaBMa; TpaBMaTM4ecKas bonesHb; cencuc.
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BACKGROUND

A distinctive feature of recent armed conflicts has
been the widespread use of explosive munitions, which
has influenced the pattern of combat trauma [1, 2]. Over
several decades, the proportion of blast injuries has steadily
increased, becoming one of the leading causes of sanitary
and irreversible losses [3, 4]. Blast injuries are characterized
by the multifactorial nature of their damaging effects on
the body, manifested by extensive tissue alteration and
a wide range of homeostatic disorders. Thus, blast injuries
are considered one of the most severe types of combat
trauma [1, 5, 6].

A crucial aspect of modern warfare is the extensive
use of unmanned aerial vehicles as carriers of explosive
devices, enabling targeted delivery and detonation at various
levels relative to the axial skeleton [7, 8]. This has altered
the anatomic and topographic pattern of blast injuries. They
have become more diverse compared with previous armed
conflicts, wherein classical (contact) mine injuries with
predominant destruction of the lower limbs persisted [2, 9.
Therefore, studying the specific impact of blast injury factors
in casualties with predominant abdominal involvement is
highly relevant.

Notably, abdominal injuries caused by explosions are
often considered solely within the context of the monofactorial
action of wounding fragments [6, 10]. However, according
to contemporary concepts of combat trauma semiotics, this
interpretation is incorrect, as it corresponds to the criteria
for firearm-related fragment wounds rather than blast
injuries, whose characteristic feature is the impact of
primary (specific) blast factors—primarily the shock wave
and its derivatives [2, 7]. Thus, in some cases, firearm-
induced abdominal wounds solely caused by fragments
of explosive munitions are mistakenly classified as blast
injuries. Moreover, in true blast injuries, the signs of
exposure to the blast shock wave often remain overlooked
by specialists, who mainly focus on fragment-induced
damage [5, 9]. These circumstances distort statistical data
on the structure of combat trauma and create prerequisites
for inadequate clinical assessment of casualties and
tactical errors in implementing diagnostic and therapeutic
measures [6, 9].

A key prerequisite for the development of blast injuries
is the victim's presence within the radius of action of
the primary blast factors [2, 4]. In experimental studies,
the evaluation of this criterion presents little difficulty;
however, in real combat settings it is an extremely
challenging task, as the exact power of the explosive device
and distance to the epicenter of the blast are generally
unknown [7, 9]. Consequently, the diagnosis of abdominal
blast injury is difficult, and their prompt detection is the top

Vol. 27 (3) 2025

DOl https://doi.org/1017816/brmmabs0870

Bulletin of the Russian Military Medical Academy

priority. Equally important for substantiating treatment
strategies is determining the anatomic and topographic
characteristics of blast injury. Although evaluation of
the zone of primary tissue loss and alteration resulting
from high-explosive and blast effects is not problematic,
the identification of the nature and extent of distant injuries
remains unclear [6, 7]. The difficulty lies in the multifactorial
nature of their pathogenesis (shock-wave impact,
inertial mechanisms, cavitation, air embolism, etc.) and
in the gradual development of pathomorphological changes
in tissues and prolonged subclinical presentation [8, 11, 12].
Thus, an objective assessment of the full spectrum of
injuries in abdominal blast injury requires a comprehensive
approach with the implementation of additional diagnostic
algorithms and a clear understanding of the injury
mechanism and morphofunctional characteristics of blast
trauma.

The distant damaging effect of the primary blast factors
on the abdominal organs, as exemplified by mine injuries,
was first described in the late 20th century. This issue
was significantly studied by Russian specialists through
the synthesis of medical support experience from combat
operations in Afghanistan [2, 9]. However, the advancement
of explosive munitions and widespread use of unmanned
aerial vehicles for their targeted delivery indicate
the relevance of further investigations into the specifics of
this combat condition. Moreover, currently available studies
lack systematized data on the prevalence of blast injuries
with predominant abdominal involvement in modern armed
conflicts and on the clinical and anatomical characteristics of
this type of combat trauma.

This study aimed to determine the incidence of blast
injuries with predominant abdominal involvement and
analyze their clinical and anatomical characteristics in
relation to the mechanism of this type of combat injury.

METHODS

The primary clinical material included medical records of
507 patients with penetrating abdominal gunshot wounds who
were admitted for specialized surgical care 2-12 days after
injury. In all cases, the wounds were caused by fragments
of explosive munitions, with the leading sites of injury being
the abdominal and retroperitoneal cavities.

The main objective of the first stage of the study was
to analyze the clinical and anatomical characteristics
of injuries in blast trauma with predominant abdominal
involvement. Fifty-two patients (mean age: 38.2 + 4.9 years)
whose injury patterns corresponded to blast trauma (main
group [MG]) were selected from the total cohort. The limited
informativeness and ambiguity of the data obtained during
earlier stages of medical evacuation required the identification
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of clinical and anatomical signs of the impact of primary blast
factors, which were considered the key diagnostic criteria for
blast trauma.

As a fundamental basis, the concept (model)
of the mechanogenesis of mine-blast injury developed
by the Department of Operative Surgery and Topographic
Anatomy of the S.M. Kirov Military Medical Academy
was applied [2]. Its main provisions were extrapolated
to the previously presented clinical group of patients
to establish causal relationships between the observed
injuries and presumed primary blast factors. Two principal
biophysical mechanisms of blast injury formation were
considered: brisant (crushing) action and blast-wave impact.
The consequences of the former mechanism included
traumatic amputations of extremities and/or extensive tissue
destruction. The manifestations of the latter mechanism
encompassed a broader spectrum of injuries caused by
direct blast-wave (high-explosive) impact on body tissues
and the blast-wind effect. Notably, blast-wave impact is
attributed to primary mechanisms, whereas the blast wind
is considered a tertiary mechanism of blast injury. However,
a reliable differentiation between the origins of injuries
caused by the abovementioned mechanisms is possible only
in experimental settings. Furthermore, the blast-wind effect
is specific to blast injuries, and its severity, similar to that
of the blast-wave impact, depends on the characteristics of
the blast wave [2, 7]. Therefore, for the selection of patients
in the MG, alterations of blast-wave and blast-wind origin
were combined into a common category of injuries caused
by blast-wave exposure, which involved a wide spectrum of
clinical manifestations—from classical blast barotrauma to
visceral ruptures and the formation of distant contusion foci.

At the second stage of the study, the clinical course
of traumatic syndrome in blast injuries with predominant
abdominal involvement and the treatment outcomes in
this type of combat trauma were examined. A comparative
analysis of the results of surgical treatment in the two

Table 1. Age and clinical characteristics of patients in both groups (p >0,05)
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groups of patients was conducted. The MG included patients
with blast injuries, namely, abdominal fragment wounds
accompanied by signs of exposure to specific (primary) blast
factors. The control group (CG) comprised 65 patients (mean
age: 36.7 + 4.2 years) with a monofactorial mechanism
of injury, such as abdominal fragment wounds caused by
firearms. To increase the reliability of the comparative
analysis, pseudorandomization was applied to ensure
comparability of the study groups regarding the nature of
abdominal fragment wounds, severity of combat trauma,
and patients’ condition [13]. The main inclusion criterion for
the CG was the penetrating character of fragment wounds of
the abdomen with multiple internal organ injuries.

The groups were comparable in terms of the main clinical
characteristics (Table 1). They predominantly comprised
young and middle-aged patients with combined fragment
wounds, with the predominant localization of injuries within
the abdominal and/or retroperitoneal cavity.

Evaluation of the nature of injuries and patients’ condition
according to the Military Gunshot Wound Injury and Military
Condition in Specialized Centers scales yielded high scores,
corresponding to severe and extremely severe grades in
their qualitative classification. At the time of admission, most
patients in both groups showed signs of peritonitis, whereas
abdominal sepsis was diagnosed in 36.5% and 33.8% of
cases, respectively.

In the structure of combined fragment wounds, lower-
and upper-extremity injuries predominated; however,
the abdomen was the leading localization regarding prognosis
and its impact on surgical strategy in all cases (Fig. 1).

All patients sustained penetrating abdominal fragment
injuries, with the most common target organs being the small
and large intestines (Fig. 2). Notably, injuries to two or more
organs were diagnosed in 83% of patients in the MG and
100% of those in the CG.

The presented data indicate that the study groups were
homogeneous with respect to all previously described clinical

Parameter Main group Control group

Mean age, years 382+49 367 £ 4.2
Type of fragment wounds: isolated/combined, % 9/91 6/94
Mean MGWI scale score:

— abdomen 852 9725

- total score 138+25 124 +2
Mean MCPS scale score 67 £6.3 62 £ 7.4
Peritonitis, % 63.5 66.2
Sepsis, % 365 338
Mean SOFA* score 78+15 71+1

Note: MGWI scale, Military Gunshot Wound Injury scale; MCPS scale, Military Condition in Specialized Centers scale; SOFA, Sequential Organ Failure Assessment.

*For patients with sepsis at admission.

DOl https://doi.org/1017816/brmmabs0870
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criteria, except for the impact of primary blast factors, which
was observed only in patients in the MG.

Statistical analysis was performed using GraphPad
Prism 8 and IBM SPSS Statistics 27. Comparisons were
conducted using Fisher's exact test for categorical variables
and Student's t test for continuous variables. The significance
of differences was assessed using Student’s t test. In cases
of non-normal distribution, the Mann-Whitney test was
applied. A p value of <0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

Comprehensive analysis of anamnesis and clinical data
and evaluation of the anatomic and topographic characteristics
of the injuries identified signs of exposure to primary blast
factors in 52 wounded patients who were included in
the MG, as previously indicated. Thus, the incidence of blast
injury among patients with fragment-induced penetrating
abdominal wounds was 10.3%. In the remaining 89.7% of
cases, injuries resulted from the action of secondary blast
factors, including munition fragments, corresponding to
typical gunshot trauma.

Head
Neck
Spine
Chest

Upper extremities
Lower extremities
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When assessing the role of blast-specific mechanisms
of injury formation, signs of brisant action were noted
in 24 patients, accounting for 46% of the MG. The direct
consequences included traumatic amputations of the upper and
lower extremities, which were observed in 14 and 10 cases,
respectively (Table 2). In addition, three patients sustained large
abdominal wall defects caused by massive tissue destruction
following a close-range explosion (Fig. 3).

The blast-wave effect of munitions was diagnosed in all
patients of the MG. Its manifestations were highly diverse.
Within the framework of distributional analysis, they were
categorized by topographic—anatomical principle into
abdominal organ injuries and non-abdominal injuries. Among
the latter, the most common findings were blast barotrauma
and pulmonary contusion, often accompanied by hemothorax
and/or pneumothorax (Table 3).

Certain challenges were associated with determining
the genesis of abdominal injuries, as in all patients, they had
a multifactorial nature and could have resulted from fragment
wounds, blast-wave impact, or a combination of these
mechanisms. To differentiate them, criteria such as fragment
localization, wound tract direction, and the morphological
characteristics of the injuries were applied.

CG MG

%

Fig. 1. Distribution of combined fragment wounds of the abdomen (p > 0.05). CG, control group; MG, main group (used in subsequent figures).

Spleen
Ureter
Pancreas
Rectum
Stomach

Small intestine

C6 MG

Fig. 2. Distribution of fragment wounds of the abdomen (p >0,05).

Table 2. Distribution of injuries resulting from the brisant effect in injured patients of the main group

Type of injury | n | %
Traumatic amputation (destruction) of the upper extremity: 14 26.9
- hand b 115
- forearm 4 17
- upper arm 4 17
Traumatic amputation (destruction) of the lower extremity: 10 19.2
— foot 4 17
- lower leg 4 17
— thigh 2 3.8
Destruction of abdominal wall tissues 3 58

DOl https://doi.org/1017816/brmmabs0870
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An interesting pattern was found in the comparative
analysis of mechanisms of alteration with reference to
specific organs. Hollow organ injuries were significantly
more often caused by secondary blast factors (projectiles).
Moreover, differences in the frequency of fragment
wounds versus blast-wave effects in parenchymal organ
injuries did not reach statistical significance (Table 4).
Owing to the polymorphic nature of modern blast trauma,
the findings do not claim absolute validity; however, they
illustrate the substantial role of the brisant mechanism in
the pathogenesis of abdominal blast injuries.

The most characteristic pathomorphological changes
in parenchymal organs under the influence of blast-wave
mechanisms were capsule disruptions with formation of
subcapsular and intraparenchymal hematomas. In one
wounded patient, this resulted in a two-stage splenic
rupture with massive hemorrhage (Fig. 4). Among hollow
organ injuries of brisant origin, contusion foci in the walls
of the small and large intestines and their mesentery
predominated, which were accompanied by hematoma
formation (Fig. 5).

When analyzing the specifics of surgical treatment,
the operative interventions showed to be diverse,
reflecting the combined nature of injuries with multi-organ
involvement. Furthermore, the distribution of the main

Tom 27 N8 3, 2025
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stages of abdominal operations was comparable between
the two groups. However, the need for limb amputations
and thoracic procedures was significantly higher in the MG,
which was associated with the impact of primary blast
injury factors (Table 5).

The severe character of multi-organ injuries, combined
with pronounced infectious and inflammatory changes in
the abdominal cavity, warranted the implementation of
an open-abdomen strategy with repeated programmed
revisions in 61.5% of MG patients and 56.9% of CG patients.
The main indications for its use were the prevention of
abdominal compartment syndrome, repeated macroscopic
assessment (second look), and control of the infectious
focus (source control) (Fig. 6). A specialized peritonitis
progression risk scale was applied to refine the latter
criterion [14].

Vacuum-assisted or vacuum-instillation laparostomy was
used as a temporary abdominal closure technique within
the framework of infection source control (Fig. 7).

The overall complication rate was 48.1% in the MG
and 38.5% in the CG (p > 0.05). Analysis of complication
distribution according to the Clavien-Dindo classification [15]
demonstrated significant differences (p = 0.07) in the incidence
of grade Il and IV complications, which occurred in 28.8%
and 15.5% of cases, respectively (Fig. 8). Moreover, more

Table 3. Distribution of non-abdominal injuries resulting from blast-wave exposure in injured patients of the main group

Type of injury n %
Blast barotrauma 34 65.4
Closed traumatic brain injury: 19 36.5
— cerebral contusion 11 212
— concussion 8 15.4
Pulmonary contusion: * 25 48.1
— hemathorax 11 212
— pneumothorax 6 11.5
— hemothorax + pneumothoraxc 8 15.4
Note: *A combination of two or more injuries was observed in 16 patients.
Table 4. Distribution of abdominal injuries depending on their mechanism in patients of the main group, n (%)
Parameter Fragment wounds High-explosive effect p=
Parenchymal organs: * 17 (32.6) 9(17.3) 0.0724
- spleen 6(11.5) 3(6.7) 0.3081
— liver 6 (11.5) 3(6.7) 0.3064
— kidneys 509.6) 2(38) 0.2462
— pancreas 3(.7) 1(1.9) 0.3183
Hollow organs: * 37(71.2) 17 32.7) 0.001
— stomach 50.6) 2(38) 0.2421
— duodenum 3(5.8) - 0.0831
— small intestine 24 (42.3) 11(21.2) 0.01
— large intestine 19 (36.5) 7(13.5) 0.01

Note: *Injuries in two or more organs were observed in combination in 46 patients.
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than one complication was identified in 28 MG patients and  in the MG and 6.2% in the CG (p > 0.05). The triggering
31 CG patients. mechanisms of this complication in all cases were intestinal

The most severe complication in terms of its impact on  tract perforations resulting from acute perforated ulcers
patient condition and clinical course of traumatic syndrome  of the small intestine and/or anastomotic leakage. Their
was peritonitis progression with abdominal sepsis: 11.5% incidence was 9.6% and 7.6% and 3.1% and 4.6% in the MG

Fig. 3. Patient, 45 years old. Consequences of primary blast factors on the abdominal wall tissues: extensive defect with a perifocal zone of thermal burn.

a b

Fig. 4. Patient, 38 years old. Consequences of primary blast factors in the form of splenic rupture: a, abdominal computed tomography scan at admission;
b, removed gross specimen.

a b

Fig. 5. Consequences of primary blast factors on hollow organs: a, 34-year-old patient with contusion focus in the wall of the sigmoid colon; b, 37-year-
old patient with extensive hematoma of the small bowel mesentery.
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Table 5. Distribution of the main types of surgical interventions, %

Tom 27 N8 3, 2025
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Type of operation Main group Control group p
Abdominal operations*

Resection and/or suturing of small bowel injuries 40.4 43.1 0.2032
Resection and/or suturing of large bowel injuries 365 354 0.0911
Formation of intestinal stoma 26.9 29.2 0.5643
Suturing of gastric injuries 13.4 10.8 0.1921
Suturing of duodenal injuries 5.8 17 0.8431
Obstructive rectal resection 58 b6 0.4911
Drainage of the retroperitoneal space 231 18.5 0.0644
Resection and/or suturing of liver injuries 153 16.9 0.6133
Splenectomy 173 10.8 0.0324
Nephrectomy 17 9.2 0.9533
Resection of the bladder and/or ureter 3.8 3.1 0.7822
Suturing of inferior vena cava defect - 15 0.3732
Suturing of superior mesenteric vessel defect 1.9 15 0.8724
Suturing (repair) of iliac vessel defect 38 15 0.2102
Amputations:

— upper limbs 10 (19.2) 1(1.5) 0.001

— lower limbs 14(26.9) 1 0.001
Thoracic interventions:

— pleural puncture 18 (34.6) 7(10.7) 0.001

— thoracoscopic sanitation 7(13.5) 2(3.1) 0.0423

Note: *In 92% of patients in the MG and 94% in the CG, >2 types of abdominal operations were performed.

and CG, respectively (p > 0.05). In the absence of these
complications, peritonitis, which was diagnosed in >60% of
patients in both groups upon admission, was successfully
managed in all cases.

When analyzing non-abdominal complications,
a significantly higher incidence of pneumonia and suppuration
of soft tissues of the extremities was observed in patients
in the MG, which was associated with the effects of primary
blast injury factors. The incidence of these complications in
the MG was 38.5% and 48.1%, compared with 21.5% and
26.2% in the CG, respectively (p < 0.05).

In-hospital mortality was 5.8% and 3.1% in both
groups (p > 0.05). In all cases, the principal mechanism
of thanatogenesis was multiple-organ failure progression
in the setting of abdominal sepsis.

As previously noted, assessing the prevalence of
blast injuries with predominant abdominal involvement in
the context of the active use of modern explosive munitions
is of considerable interest. However, such assessment is
complicated by difficulties in differential diagnosis, determined
by the polymorphic nature of injuries, severity of patient
condition characteristic of this type of combat trauma, and
lack of information about the circumstances of injury [2, 9].
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Analysis of studies on this subject indicated that, in several
cases, abdominal fragment gunshot wounds are classified
as blast injuries without considering the contribution of
primary blast mechanisms; therefore, the reported statistical
indicators are often overestimated [6, 10]. Moreover, Wani
et al. [5] and Minnullin [7] revealed the opposite tendency:
a low rate of antemortem diagnosis of the full spectrum of
blast injury sequelae, with abdominal organ injuries most
frequently unrecognized.

Given the difficulties of clinical diagnosis of abdominal
blast injuries, data from forensic medical examinations may
be used as a reference point. Thus, the results of a large
Russian study are of particular interest, wherein the structure
of fatal trauma in a modern armed conflict was analyzed.
Blast injuries accounted for 74.5% of all deaths, with
abdominal and pelvic injuries identified in 31.1% and 13.6% of
cases, respectively [4]. Most deaths were caused by fragment
wounds; however, signs of gas-detonation effects were
recorded in 28.7% of cases, indicating the role of primary
mechanisms in the overall structure of thanatogenesis of
blast trauma. Additionally, according to the vulnerability
index for blast injury, the abdomen ranked third, following
the head and neck [4].
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The results of the present study demonstrate that
the detection rate of blast injuries in fragment wounds
with predominant abdominal involvement at the stage of
specialized medical care was 10.3%. Thus, primary blast

Prevention of ACS ~ Repeat assessment
of macroscopic

changes
MG

factors significantly affect the condition of every tenth patient
with abdominal fragment injuries sustained in explosions,
which should be considered when implementing diagnostic
and therapeutic algorithms. The consequences of the brisant

Control Combination
of the infectious of indications
focus
CG

Fig. 6. Indications for implementing the open-abdomen strategy (p >0.05): ACS, abdominal compartment syndrome.

Fig. 7. Patient, 44 years old. Formation of a vacuum-instillation laparostomy.

MG CG

Grades of complications

Fig. 8. Structure of complications according to the Clavien-Dindo classification.
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mechanism of alteration are observable; however, according
to Ritenour et al. [6] and Kovalov et al. [11], the diagnosis of
injuries resulting from blast-wave exposure is associated with
considerable challenges owing to the gradual development of
pathomorphological changes and related functional disorders.
This feature should be considered when selecting a surgical
strategy. In particular, the presence of contusion injuries in
abdominal organs, especially in the small and large intestines,
should serve as an argument for performing second-look
operations for the timely diagnosis of irreversible ischemic
changes and as a counterargument to the creation of primary
entero-enteric anastomoses.

The indicators presented in the current study demonstrate
the considerable impact of primary blast injury factors on
the clinical course of traumatic syndrome in abdominal blast
injury. This is confirmed by the higher rate of complications
in the MG than in the CG, despite comparable baseline
injury severity and patient condition. Of particular note are
pneumonias and infectious complications of the soft tissues
of the extremities, which were significantly more common in
patients exposed to the brisant and high-explosive effects of
munitions. However, the higher incidence of intra-abdominal
complications, primarily intestinal perforations, should not
be overlooked. Differences in this parameter did not reach
statistical significance, which may be associated with
the relatively small sample size. Nevertheless, these findings
indicate the negative influence of primary blast injury factors
on intestinal circulation.

The findings of this study regarding the clinical and
anatomical features of blast injuries with predominant
abdominal involvement do not encompass the full spectrum
of morphofunctional disturbances specific to this type of
combat trauma. A promising direction in this context is
considering the cavitation effect and air embolism as two
of the most important yet insufficiently studied mechanisms
of blast injury [2, 7]. Of particular interest is the assessment
of the impact of these pathogenetic factors on the circulation
of the abdominal and retroperitoneal organs.

CONCLUSION

Clinical and anatomical signs of blast injury in fragment
wounds with predominant abdominal involvement were
identified in 10.3% of patients at the stage of specialized
medical care.

Primary blast factors induce a significant adverse effect
on the clinical course of traumatic syndrome in abdominal
blast trauma, primarily manifested by an increased frequency
of infectious complications of the lungs and soft tissues of
the extremities and by a tendency of more frequent intestinal
perforations resulting from anastomotic leakage and acute
ulcers.

Tom 27 N8 3, 2025
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Evaluation of the impact of primary blast factors on
the body is critical in managing patients with abdominal
fragment wounds, as these factors should be considered
when selecting therapeutic strategies.
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3TMyecKas akcnepTu3a. VccneoBaHue 0406peH0 NOKabHbIM TUYECKUM
KomuTeToM BoeHHo-MeauumHeKo akapgemmum uM. C.M. Kuposa (npoTokon
N® 304 ot 24.06.20251.).

Cornacue Ha nybnuKaumio. ABTOpbI NONYYNIM MUCBMEHHOE MHPOPMMPO-
BaHHOe J06POBOSILHOE COrnacue NaLMEHTOB Ha NybAMKaLMI0 NepCoHanbHbIX
AaHHbIX, B TOM yucne poTtorpadui.

WcTouHuk duHaHcupoBaHmua. ABTOpbI 3aABNAKT 06 OTCYTCTBUM BHELLHEMO
(MHAHCMPOBaHWA NpW NPOBEAEHM UCCNEL0BaHUA.

PackpbiTie nHTepecoB. ABTOpbI 3asBNAIOT 06 OTCYTCTBUM OTHOLLIEHWI, Aesi-
TeNbHOCTU U WHTEPECOB 3a MOC/ieAHWe TpW roAa, CBA3aHHbIX C TPETbYMM
JMLAMM (KOMMEPYECKUMU U HEKOMMEPYECKMMM), MHTEPECH! KOTOPbLIX MOryT
BbITb 3aTPOHYTHI COAEPMKAHNEM CTaTbM.
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