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Summary

Introduction. In the structure of combat abdominal trauma during all periods of hostilities
(according to ATO/JFO data), gunshot wounds dominated, accounting for 87.1 %. An analysis of
the distribution of those injured with gunshot wounds by the type of projectile causing the injury
showed a prevalence of shrapnel injuries over bullet wounds — more than 80 %.

The aim of the research was to analyze the macroscopic and microscopic changes in firearm
penetrating abdominal injuries with damage to the appendix.

Materials and methods. Eight appendectomies were performed due to firearm penetrating
abdominal injuries with damage to the appendix. Complaints, medical history, examination data,
ultrasound examination according to the FAST protocol, and radiological examinations were studied
in all injured patients. To refine the diagnosis and determine the scope of surgical intervention, the
WOLF videoendoscopic system was used.

Histological examination of the removed appendices was performed, which were stained with
hematoxylin and eosin and with the Van Gieson stain. A complex of pathomorphological studies
was conducted using the Primo Star microscope (Carl Zeiss) at a magnification of x140.

Results. All injuries occurred while wearing a bulletproof vest and were characterized as blind,
with 1 (12.5 %) being gunshot wounds and 7 (87.5 %) being shrapnel wounds. The entrance wound
in firearm blind penetrating abdominal injuries with appendix damage was located in the right
hypochondriac region — 4 (50 %), right flank — 1 (12.5 %), right inguinal region — 2 (25 %), and
mesogastric region — 1 (12.5 %) cases. The average size of the entrance wound on the skin was
23.3+0.4x12.4+0.3 cm. All skin wounds were outside the bulletproof vest protection area.

The injuries to the appendix had an average size of 15.4+1.2x9.3+0.1 cm. All removed foreign bodies
were larger than 1 cm in their largest dimension.

Conclusions. In most cases of firearm penetrating abdominal injuries, damage to the appendix
is noted with an entrance wound predominantly on the right side. Macroscopically, in firearm
blind penetrating abdominal injuries with appendix involvement, the wound on the skin is larger
than on the appendix. All foreign metal bodies removed from the abdominal cavity after firearm
shrapnel blind abdominal injuries with appendix involvement were of large size. Contusional
injuries to the appendix tend to undergo destructive transformation, requiring surgical treatment —
appendectomy. The increased frequency of appendix injuries can be explained by the widespread
use of shrapnel ammunition in abdominal injuries when personal protective equipment does not
provide protection for this area.

Key words: firearm abdominal injury, appendix injury, pathomorphosis, gunshot fragment,
bullet wounds
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INTRODUCTION

The number of abdominal injuries in the overall
structure of combat injuries varies from 1.9 % t0 9.8 %,
according to data from the first year of the Anti-Terrorist
Operation (ATO), it accounted for 4-7 % (in different
directions and depending on the nature of military
operations). In the structure of combat abdominal trauma
during all periods of hostilities (according to ATO/
JFO data), gunshot wounds dominated, accounting for
87.1 %. An analysis of the distribution of those injured
with gunshot wounds by the type of projectile causing the
injury showed a prevalence of shrapnel injuries over bullet
wounds — more than 80 % [3, 5, 7, 9].

By their size, foreign bodies of gunshot origin are
divided into small, medium, and large [4]. The presence
of different body builds among military personnel leads to
the existence of areas that are not covered by body armor
[2, 10].

According to clause 5.2 of State Standards of
Ukraine 8782:2018, body armor, classified by strength
against means of injury, is divided into those with basic
and special protection classes classified from I to VI. By
size, body armor is divided into: M — torso height 44 cm;
L —torso height 45 cm; XL — torso height 45 cm; XXL —
torso height 48 cm. The use of body armor helps reduce
the number of injuries in military personnel [8].

The issue of gunshot wounds to the abdomen
with damage to the appendix is not well-documented
in the literature, so the study of the characteristics of
macroscopic and microscopic changes in the appendix
will be of interest to practicing surgeons.

THE AIM is to analyze the macroscopic and
microscopic changes in gunshot wounds to the abdomen
with damage to the appendix.

MATERIALS AND METHODS

From the available and studied material, the
appendix was damaged in 0.18 % of cases. All the injured
individuals were male, with an average age of 32+0.4 years.
All injuries occurred in the presence of body armor, and
they were of a blind nature, with 1 (12.5 %) being gunshot
wounds and 7 (87.5 %) being shrapnel wounds. In all
the injured cases, complaints, medical history, physical
examination data, ultrasound examination following the
FAST protocol (SONOSITE MICROMAXX, 2017),
and radiological examinations (X-ray diagnostic complex
OPERA RT20, 2018) were evaluated. A videoendoscopic
system WOLF (Germany, 2021) was used to refine the
diagnosis and determine the scope of surgical intervention.

Eight appendectomies were performed due to
gunshot abdominal penetrating injuries with damage to
the appendix. Appendectomies were performed using
laparotomy in 6 (75 %) of the injured individuals and
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laparoscopy in 2 (25 %) of them. The duration of surgical
interventions, depending on the complexity of the injury,
averaged 6010 minutes.

Tissue fragments from the thick intestine were fixed
in 40 % neutral formalin for histological examination
and underwent paraffin embedding using the standard
technique employed by pathological anatomy laboratories
[1]. After paraffin embedding, 5-6 um thick sections
were prepared, stained with hematoxylin and eosin, and
Vin-Hizon staining was also performed. The complex
of pathomorphological studies was conducted using
a Primo Star microscope (Carl Zeiss) at a magnification
of x140. For image documentation, a high-resolution
8-bit digitizing digital camera AxioCam (ERc 5s) with
a pixel size of 2.2 pm and Carl Zeiss AxioCam (ERc5s)
Configuration Tool software was used.

Data analysis and statistical processing were
performed on a personal computer using the software
packages «Statistica 10.0» and «Microsoft Excel 2010» [6].

The complaints, medical history, and examination
findings were specific for gunshot penetrating abdominal
injuries and not specific for appendicular injuries. All
injuries were transported to the level II medical facility
within 1 hour after the injury.

The entry wound locations for gunshot blind
penetrating abdominal injuries with appendicular
involvement were as follows: right hypochondriac area —
4 cases (50 %), right flank — 1 case (12.5 %), right inguinal
area — 2 cases (25 %), and mesogastric area — 1 case
(12.5 %). The average size of the entry wound on the skin
was 23.3+0.4x12.44+0.3 mm. All skin entry wounds were
located outside the area protected by the body armor.

The external skin entry wound following a gunshot
fragment penetrating abdominal injury with involvement
of the appendicular area is shown in Figure 1.

The injuries to the appendix had an average size of
15.4+1.2x9.3£0.1 mm, indicating that the majority of
kinetic energy, when the projectile passed through the
body, was absorbed by the soft tissues of the abdominal
wall. All removed foreign bodies were larger than 1 cm in
their largest dimension.

In cases of appendix injuries, microscopic
examination reveals hemorrhagic infiltration of the
appendix wall with total necrosis of all layers and tissues,
along with the presence of soot and debris (Figure 3).

Macroscopically, the changes in gunshot wounds
to the appendicular area correspond to gunshot injuries
of various sizes with dissemination of contents and tissue
necrosis of the appendix (Figure 2).

Contusional injuries to the vermiform appendix tend
to undergo destructive transformation (Figure 4) due to
microcirculation disturbances and the presence of necrotic
foci, justifying radical surgical treatment — appendectomy.
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Fig. 1. Injured patient, 33 years old. The first day after the injury. Gunshot fragment penetrating abdominal injury with involvement of the
appendicular area. Entry wound in the right lateral abdominal region

Fig. 2. Patient D, 35 years old. The first day after the injury. Gunshot wound to the abdomen with damage to the appendix. Damage to the tip
of the appendix

2
B

Fig. 3. Appendix infarction. Hemorrhagic infiltration of the appendix wall with total necrosis of all layers and tissues. In a few glands devoid
of epithelial lining, wall necrosis is evident. In the upper right corner, there is fibrinoid necrosis, and at the bottom, the presence of soot and

debris. Van Gieson staining. x140
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Fig. 4. Contusion of the vermiform appendix. Disorganization and dissociation of the appendix glands. Total fibrinoid necrosis of the wall,
marked dilation of capillaries and small vessels. Hematoxylin-eosin staining. x140

DISCUSSION

In recent years, the majority of cases of fircarm
penetrating abdominal injuries with vermiform appendix
involvement consist of shrapnel injuries, which are
associated with the more frequent use of explosive
projectiles [3, 5, 7, 9]. According to statistics, the
vermiform appendix is more frequently located in the
right iliac region, and its injuries are also associated with
trauma to this abdominal area or adjacent areas [3, 7]. The
use of individual protective gear significantly reduces the
number of injuries [8], but this does not occur in cases of
damage outside the protection zone of the body armor. An
analysis of the size of the entry wound, foreign bodies, and
the wound on the vermiform appendix has allowed us to
establish that injuries occur due to large foreign bodies with
greater skin damage than the vermiform appendix itself.

Microscopic changes in the vermiform appendix
in cases of injury are characterized by hemorrhagic
infiltration and necrosis of all layers, microcirculation
disturbances, which cannot be restored in this organ,
justifying its removal.

CONCLUSIONS

1. In most cases of gunshot penetrating abdominal
injuries, vermiform appendix injuries are characterized by
an entrance wound on the right side.

2. Macroscopically, in gunshot blind penetrating
abdominal injuries with vermiform appendix involvement,
the wound on the skin is larger than on the vermiform
appendix itself.

3. All foreign metallic bodies removed from
the abdominal cavity after gunshot fragmentary blind
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abdominal injuries with vermiform appendix involvement
were of large sizes.

4. Contusion injuries to the vermiform appendix
tend to undergo a destructive transformation, necessitating
surgical treatment — appendectomy.

5. The increased frequency of vermiform
appendix injuries can be explained by the widespread
use of fragmentary ammunition in abdominal injuries
when individual protective equipment does not provide
protection for this area.

The prospects for further research lic in a more in-
depth study of changes in the vermiform appendix wall in
gunshot injuries.
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Pestome
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3 YLWWKOAKEHHEM YEPBOMOAIEHOIO BIAPOCTKY
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Tamapa . Skumosa?, Cepriit B. TepTULLHWMif*

1 — BilicbkoBO-MeanyHWIA KniHivHuiA LieHTp MiBHiyHoro periony KMC 3CY, m. Xapkis, YkpaiHa
2 — XapKiBCbkWiA HALLIOHANBHUI MEAVYHWIA YHIBEPCUTET, M. XapkiB, YkpaiHa
3 — lMonTascbkuin fepXaBHUiA MeanyHIiA yHiBepeuTeT, M. MonTasa, YkpaiHa
4 — BilCbkoBO-Mean4YHNI KNiHiYHWA LenTp MNisoenHoro periony KMC 3CY, m. Opeca, YkpaiHa

Beryn. Y crpykTypi 60710B01 TpaBMM KMBOTa 3a Bci Iepioan 607i0Bux Ali (3a aarmmu ATO/OOC) nepeBakaan
BOTHeIIaAbHI HOpaHeHHs, sKi cTaHOBYAMU 87,1 %. AHaAi3 pO3MOAiAY TOpaHeHNX 3 BOTHEITaALHIMY ITOpaHeHH:I-
MI 3a TUIIOM CHapsIAQ, 110 CIIPUYMHMB [IOpaHeHHs], ITI0Ka3aB IlepeBaXkaHHsI OCKOAKOBMX IIOpaHeHb HaA KYAbO-
BUMM — 110HAA 80 %.

MeTta po6oTyu — mpoaHaAisyBaTy MaKpo- Ta MiKpOCKOIIIYHi 3MiHM IIpY BOTHEIIAABHUX ITOPAHEHHX KIBOTA
B YIIIKOAKEHOMY Y€pPBOIIOAIOHOMY BiAPOCTKY.

Marepiaau Ta MeTOAM. byAO BUKOHAHO 8 alleHAEKTOMil 3 IIPMBOAY BOTHEIIAABHOTO ITPOHMKAIOYOIO IOpa-
HEHHsI XXMBOTA 3 YIIKOAXKEHHSIM 4epPBOIIOAIOHOTrO BiApOCTKY. Y BCiX IIOpaHeHUX BUBYAAUCS CKapTy, aHaMHe3,
AQHHi OTASIAY, YABTPa3ByKOBOTO AOCAiAXeHHs 3a FAST-IIpOTOKOAOM Ta peHTTeHOAOTiuHi obcTeXxeHHs. AAs
YTOYHEHHsI AlaTHO3y Ta BU3HAYeHH: 00’ €My OIlepaTVBHOIO BTPYYaHHS OyAd BUKOPMCTaHA BiA€OEHAOCKOII YHa
cucrema WOLF. [IpoBeAeHO ricToAOrivHe AOCAIASKEHHST BUAAAEHNX Y€PBOIIOAIOHIX BIAPOCTKIB, 5IKi 3a6apBATO-
BaAl TeMaTOKCMAIHOM i eo3uHOM Ta 3a Bin-T'isoHoM. KoMIiAeke TaTOMOP POAOTITHIX AOCAIASKEHD ITPOBOAVBCS
Ha Mixpockori Primo Star (Carl Zeiss) 3i 36iabinerssim x140 pasis.

PesyabTaTn. Bci mopaHeHHs1 OyAu py HAsIBHOCTI OpOHEXMAETa Ta XapaKTepoM Oyan caimi, 3 stkmx 1 (12,5 %) —
KyAboBe Ta 7 (87,5 %) — 0OCKOAKOBMX. BXiAHMIT OTBip Ipy BOTHENTAABHMX CAINVX IPOHMKAIOUMX ITOPaHEHHSIX
JKVMBOTA 3 YIIKOAKEHHSIM YepBOIIOAIGHOTO BiApOCTKY OYB B IIpaBiit 3AyXBUHHII AiasHIl —4 (50 %), B IIpasiit 60-
KoBiii ToBepxHi XmBoTa—1 (12,5 %), TpaBint maxosiit AiastHIT — 2 (25 %) Ta Me3oracTpaAbHil AlasaEITI—1 (12,5 %)
Bunaakis. CepeaHiii po3mip BXiAHOrO OTBOpY Ha mikipi ckaaB 23,3+0,4x12,4+0,3 cm. Bcei oTBopy Ha mikipi 6yan
I103a 30HOIO 3aXMCTy OpOHEXUAETY. YIIIKOAKEHHS YePBOIIOAIOHOI0O BIAPOCTKY 6yAl B CepeAHBOMY pO3Mipamu
15,4+1,2x9,3+0,1 cm. Bci BuaaAeHi CTOpOHHi TiAa 6yAM 3a po3mipaMy BEAMKUX pO3MipiB 6iabi 1 cM B HatibiAb-
IIIOMY BUMIPpi.

BucHOBKU. Y GiABIIOCTi BMITAAKIB IIpY BOTHEIIAABHVX IIPOHMKAIOUMX IIOPAHEHHSX KVBOTA YIIKOAKEHHS
YepBOIIOAIGHOTO BiApOCTY BiaMidaeThCsI BXiAHMIT OTBip IIpaBobivHOI AoKaAisamii. MaKkpoCKOmiYHO Ipy BOTHe-
ITAABHOMY CAIIIOMYy IIPOHMKAIOUYOMY IIOpaHEeHH] XXMBOTA 3 YIIIKOAKEHHIM YepBOIIOAIGHOTO BiAPOCTKY paHa 3a
po3MipaMm 6iABII Ha IIKipi, HIX Ha 4epBOIOAIOHOMY BiapocTKy. Bei cTopoHHI MeTaAeBi TiAa, ki 6yAn BuAa-
AeHi 3 YepeBHOI IIOPOXXHIHM ITiCASI BOTHEIIAABHOT'O OCKOAKOBOTI'O CAIIIOro IMOpaHeHHsI XMBOTa 3 YIIIKOAKeHHIM
YepBOIIOAIGHOTO BIAPOCTKY, 6YAM BeAMKMX po3MipiB. KOHTY3iiiHI yIIKOAXEHHSI 4epBOIIOAIGHOTO BiaApoCTKa
MaIOTb CXVMABHICT AO AeCTPYKTMBHOI TpaHCGOpMaLIil, 1110 IOTpebye ONepaTUBHOIO AiKyBaHHS — AlleHACKTOMIl.
36iABIIIEHHSI YaCTOTY IIOpaHEHHS YepPBOIOAIGHOIO BIAPOCTKY MOXKHA IIOSICHUTM MAacCOBMM 3aCTOCYBaHHIM
OCKOAKOBYMX OO€IpMITAciB IIpy IIOpaHeHHi KMBOTA, KOAM 3aCO0M iHAMBIAYaABHOTO 3aXMCTY He 3a0e3edyIOTh
3aXMCT ITi€l AIASTHKIA.

Kntouoei cn1o6a: BorHeIIaAbHe IOPaHEHHS JXMBOTA, YIIKOAXKEHHsI alleHAUKYASIPHOTO BiApOCTKY, IaTo-
MOp¢d03, 0CKOAKOBi IOpaHEeHH s, KYAbOBi IOpaHEeHH 51
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