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FEATURES OF THE PATHOMORPHOSIS OF SEVERE GUNSHOT WOUNDS TO THE LIVER
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The purpose was to determine the features of the pathomorphosis of gunshot wounds of the liver.

Materials and methods. The study material was liver slices after gunshot shrapnel wounds to the colon (12
studies) from 1 hour to 6 days after the injury. Histological preparations were taken during primary surgical
interventions after gunshot wounds of the liver and during repeated interventions. All injured were male. The age of
the injured ranged from 27 to 58 years. The average age was 42.5+3.8 years. For histological examination, liver tissue
fragments were stained with hematoxylin and eosin.

Results. The most common were superficial cracks and subcapsular hemorrhages of various shapes and sizes,
which had a variety of colors from light red to dark blue and were located mainly on the anterior part of the
diaphragmatic surface and the anterior parts of the visceral surface of the liver. Almost all hemorrhages were multiple
in nature with detachment of the Gleason capsule from the parenchyma. In case of liver ruptures, violations of the
integrity of the liver parenchyma to different depths with the formation of a slit-like cavity were determined. The
tissue crushing had different degrees of depth and volume - from superficial, with damage to small subcapsular layers
of the parenchyma, to deep, with the transformation of entire liver lobes into a shapeless mass, consisting of crushed
cells, partially interconnected by remnants of connective tissue. Upon microscopic examination, the cytoarchitectonics
of the organ was completely destroyed and represented by homogeneous masses of necrosis, hemorrhages and
vascular contours. Multiple ruptures and crushing of liver tissue were usually accompanied by vascular damage with
subsequent formation of numerous hematomas, the size of which directly depended on the volume and nature of organ
tissue destruction, the caliber and type (arterial or venous) of vascular damage. In cases where the injury was more
than 2 days old, fibrin and signs of erythrocyte hemolysis appeared in the hematomas, leukocyte infiltration was
pronounced, and the zone of necrosis spread due to ischemic infarctions, which surrounded the injured area in a ring-
like shape, increasing the size of irreversible changes in the liver tissue. Vascular paresis, anemia with erythrocyte
stasis, and thrombus formation processes in the lumen of the vessels were detected in the preserved liver parenchyma
and portal tracts in the branches of the hepatic vein and artery.

Conclusions. Pathomorphological examination of liver injuries shows the following types of injuries: capsule
cracks and subcapsular hemorrhages, liver parenchymal ruptures, crushing, hematomas. In traumatic necrosis of the
liver parenchyma, the stromal component in the form of portal tracts remains preserved for the first few days. At the
edges of hematomas, on the first day after the injury, perifocal areas of necrosis of the liver parenchyma appear, which
are caused by the compressive factor of the hematoma itself. In wounds lasting more than 2 days, the zone of necrosis
progresses around the hematomas due to ischemic infarctions, which can be explained by thrombus formation in the
vessels and the phenomena of hypovolemic shock.
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MerTa - gusHauumu oco6.1ugocmi namomopg@o3sy 802HeNnaAbHUX NOPAHEeHb NEHiHKU.

MaTepiaiu Ta MeToau. Mamepiaiom docaidxceHHs: 6YAU YACMKU Ne4iHKU NicAs1 602HeNa/1bHUX 0CKO/IKOBUX
nopaHeHb moecmoi kuwiku (12 docaidxceHb) 8 mepMiHu 8id 1 200uHu do 6 0i6 nicass oMPUMAHHS NOPAHEHHS.
Ticmosioeiuni npenapamu 6y/1u 3a6paHi npu NepeUHHUX XIpypeiuHUX 8Mpy4aHHSX Nic/s1 602HENA/AbHUX NOPAHEHb
neyiHKU ma npu no8MopHUX 8Mpy4aHHsx. Bci nopaneHi 6yau yonosivozo noaa. Bik nopaHeHux ckaadas 8id 27 do
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58 pokis. CepedHili ik 6ys 42,5+3,8 pokie. []as 2icmoao2iyH020 00cAidxiceHHA MKAHUHHI opazmeHmu neviHKu, aKi
3a6ap8.1108aau 2eMAMOKCUATHOM I €03UHOM.

Pe3yabTaTu. Hatluacmiwe 3ycmpivuaaucs nosepxHesi mpiuHu ma cyb6kancyAspHi Kpogoeu/augu pi3HuXx
¢opm ma po3mipis, siKi Maau pi3HOMaHIMHUI Ko/ip 8i0 c8iM/10-4ep8oH020 0 MEMHO-CUHbO20 3 PO3MAUY8AHHAM
nepeeaxcHo Ha hepedHboi yacmuHi diagppazmosoi nosepxHi i nepedHix giddinax eicyepasbHOi NOGepPXHI NeviHKU.
IIpakmuvHo 8ci kKpogosuIUBU MAAU MHOMCUHHUL Xapakmep 3 gidwapyeaHHamM kancyau [nicoHa eid napenximu. [Ipu
po3pusax neviHku BU3HAYA/AUCS NOPYWEHHS Yiaocmi napeHXiMu neviHKU Ha pi3Hy 2/AUOUHY 3 YMEOPEeHHAM
WUAUHONOOIOHOT NOpoXxcHUHU. Po3mpouwjeHHsT MKaHUHU Manao pi3Huilli cmyniHb 2Au6uUHU ma o06’emy - 8id
nogepxHes020, 3 ypa#CeHHM He8eAUKUX CYOKancyAsipHUX wapie napeHximu, do 21Uu60K020, 3 nepemeopeHHsIM Yiaux
4acmok neviHku Ha 6e3¢opMHY Macy, Wo ck1adaemuvcsl 3 po34asieHuUx ocepedKis, YacmKo8o No8’siI3aHUX Midc CO6010
3aAUWKAMU CROJYYHOT mKaHUHU. [Ipu MIKpOCKONTYHOMY 00CAI0MNCEeHHI YUMOoapXimeKkmoHIiKa op2aHy 6y/1a NnO8HIicmM#o
3pyliHo8aHa ma npedcmasieHd 20MO2eHHUMU MACAMU HEKPO3Y, KPOBOBUAUBAMU MA KOHMYpPamu cyOuH. MHOMCUHHI
po3pusu ma po3mpowys8aHHs MKAHUHU Ne4iHKU 3a38u4all cynpo8oodxHcysanucs yuWKOOHCeHHAM CyOUuH 3 N00aAbWUM
YMBOPEHHSAM YUCAEHHUX 2eMamoM, po3Mipu SKUX Hanpsimy 3asexcanu eid o6’emy iU xapakmepy pyUHY8aHHS
MKAHUHU Op2aHa, kaaibpy ma eudy (apmepianbHe abo 8eHO3He) CYOUHHO20 YWKOOXdCeHHs. B sunadkax, koau
nopaHeHHio 6y/10 Ginvuie 2 Jib, 8 cemMamomMax 3’a64s14uUcs Pi6pUH ma 03HAKU 2eMO1i3y epumpoyumis, supaxceHa
JelikoyumapHa iH@inbmpayis, nowupreanacs 30Ha HeKpo3y 3d paxyHoK iwemMiuHux iHgpapkmis, siKi Kiibyenodi6Ho
omouysa/u mpasMo8aHy 30Hy, 306i1bWYHYU pO3MIipU He380POMHUX 3MIH y MKAHUHI neviHKu. Y 36epesceHill
napeHximi ne4iHKU ma nopma/ibHUX MpaKkmax 8 2iJikax neviHkogoi eeHu ma apmepii 6y./10 8usie/eHO nape3 cyOduH,
Ma/10Kpig’s 31 cmasom epumpoyumis, npoyecu mpom60ymeopeHHs: 8 Npoceimax cyouH.

BucHoBKM. [Ipu namomopgoaoziunomy docaidxiceHHi mpasm neviHKU cnocmepieaiomsbcsi HacmynHi eudu
YWKOOI}CEeHb: MpiWuHU Kancyau ma cy6kancyAspHi Kpoeoeu/augu, po3pusu NApeHXiMu NeviHKU, po3mpOoujeHHS],
2emamomu. [Ipu mpagmMamuyHuUx HEKpo3ax NAPeHXiMU NeYiHKU CMpPOMAAbHUL KOMNOHEHM Y 8U2/510i NOpma/abHUX
mpaxkmie nepwi OHI 3aauwiaemscsi 36epexceHUM. B kpasix zemamom, nepwoi dobu nicass mpasmu, GUHUKAOMb
nepugoka/bHi JiITHKU HEKpO3y NapeHXiMu NeviHKu, sKi 06yMo8/4eHI cCmUckarnyum akmopom camoi 2emamomu.
IIpu nopaHeHHsIx 3 mepMiHOM 6inbe 2 0i6 HABKO0 2eMAMOM NpPo2pecye 30HA HeKpo3y 3d PAXYHOK iWeMidtHuX

iHpapkmis, AKI MOXCHA NOSICHUMU MPOMOGOYMBOPEHHSAM 8 CYOUHAX MA A8UWAMU 2iN080A1EMIYHO20 WOKY.
Kiio4oBi ci1oBa: sozHena/bHi nopaHeHHs, neyinka, namomopgpos.

Introduction. The frequency of gunshot
wounds to the abdomen during World War II
ranged from 2 to 5%, in modern military conflicts
- 6.6 to 9%, and during the ATO/JFO in eastern
Ukraine - 7%. A characteristic feature is that
despite improvements in individual protective
equipment for military personnel, the proportion
of abdominal injuries has not decreased [1, 3, 7].
The frequency of liver damage among abdominal
injuries ranges from 8.4% to 29.3% [5].

The American Association for the
Advancement of Trauma Surgery (AAST) has
developed a generally accepted injury
classification scale for classifying the severity of
liver injuries. It uses radiological, intraoperative,
and pathomorphological criteria for assessment.
Higher grades are more serious and associated
with a higher likelihood of failure of conservative
treatment, requiring surgical intervention. The
degree of injury does not necessarily indicate
whether surgical or non-surgical treatment
should be performed, but provides a standardized
systematic assessment. However, a higher degree
of injury is associated with higher morbidity and
mortality [12, 14].

Successful surgical treatment of liver
injuries depends on the appropriateness of the
surgical intervention for the involvement of
certain organ structures. There are deep and

superficial wounds, localized on the periphery or
in the central part of the organ, with moderate or
massive bleeding. Basically, all liver injuries are
divided into three groups: injuries that do not
require surgery, or injuries that require surgery
within one segment; injuries that require surgery
involving two or more segments; any injuries
combined with damage to the hepatic veins. In
severe liver injuries, the problem is profuse
bleeding, massive hemoperitoneum, pulpification
of liver tissue, metabolic and hematological
disorders [5, 10].

The aim was to determine the
pathomorphological features of gunshot wounds
to the liver.

Materials and methods. The study
material consisted of liver fragments after gunshot
shrapnel wounds of the colon (12 studies) within
1 hour to 6 days after the injury. Histological
specimens were taken during primary surgical
interventions after gunshot wounds to the liver
and during repeat interventions. All patients were
male. The age of the patients ranged from 27 to 58
years. The average age was 42.5+3.8 years.

For histological examination, liver tissue
fragments were fixed in 40% neutral formalin and
subjected to paraffin embedding according to the
method accepted in the work of pathological
laboratories [2, 9, 13]. After paraffin embedding,
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5-6 um thick sections were prepared and stained
with hematoxylin and eosin. A complex of
pathomorphological studies was performed on a
Primo Star (Carl Zeiss) microscope with x40 and
x100 magnification. For image documentation, a
high-resolution 8-bit AxioCam (ERc 5s) digital
camera with a pixel size of 2.2 um and Carl Zeiss
AxioCam (ERc5s) Configuration Tool software
was used.

Research results. According to our data,
the frequency of gunshot wounds to the abdomen
with liver damage is 14% of cases.

L

parenchyma (Flg 1)
%,

Pathomorphological examination revealed
the following types of liver damage: capsule tears
and subcapsular hemorrhages, liver parenchyma
ruptures, crushing, and hematomas.

The most common were superficial cracks
and subcapsular hemorrhages of various shapes
and sizes, ranging in color from light red to dark
blue, located mainly on the anterior part of the
diaphragmatic surface and the anterior sections of
the visceral surface of the liver. Almost all
hemorrhages were multiple in nature with
detachment of the Glisson capsule from the

Figure 1. Subcapsular hemorrhages w1th detachme‘rlt'of the Glisson capsule from the parenchyma.
Hematoxylin-eosin. x40

Liver ruptures were characterized by
varying degrees of damage to the integrity of the
liver parenchyma, with the formation of a slit-like
cavity. Depending on the depth of the damage, the
ruptures were superficial deep, or through, with
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ruptures, among the foci of necrosis, multiple
small bridges were found, which, upon histological
examination, were represented by connective
tissue of the portal tracts, surrounded by a small
layer of intact parenchyma, with preserved bile
d_uctsiand Vessels (F1 .

Figure 2. Portal tracts eurrounded by a small layer of intact parenchyma with preserved bile ducts and
vessels. Hematoxylin-eosin. x100
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eosin. x40

In cases where surgical treatment was
performed within the first 24 hours after the
injury, hematomas were identified in the form of
cavities filled with clearly visible erythrocytes.
Perifocal areas of necrosis were found at the edges
of the hematomas in the liver. In preserved
hepatocytes located at a distance from the
hemorrhage focus, the nuclei were clearly
distinguishable and the cytoplasm was stained
(Fig. 4).

In cases where the injury was more than 2
days old, fibrin and si gns of er hocyte he

AR

molysis

appeared in the hematomas, there was
pronounced leukocyte infiltration, and the zone of
necrosis spread due to ischemic infarcts that
surrounded the injured area in a ring, increasing
the size of irreversible changes in the liver tissue
(Fig. 5).

In the preserved liver parenchyma and portal
tracts in the branches of the hepatic vein and
artery, vascular paresis, anemia with erythrocyte
stasis, and thrombosis processes in the lumen of
the vessels were detected (Fig. 6).

)
ythrocytes. Hematoxylin-eosin.

x40
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Figure 6. Vascular paresis, anemia with erythrocyte stasis, thrombosis processes in the branches of
the hepatic vein and artery. Hematoxylin-eosin. x40

Discussion

The pathomorphosis of gunshot wounds to
the liver is diverse and depends on the extent of
damage, the kinetic energy received by the organ,
and damage to the structural units of the organ,
which affects the body's response to trauma [4, 6,
9].

With an increase in the severity of liver
damage and the presence of damage to two or
more segments of the liver, areas of necrosis
border on areas of hypoperfusion [5, 10], and the
presence of an inflammatory process leads to an
increase in the extent of damage, as determined by
histological studies.

Understanding the pathomorphosis of
gunshot wounds to the liver allows us to
determine the diagnosis, treatment tactics, and
prognosis [8, 11].

Conclusions

1. Pathomorphological examination of liver
injuries reveals the following types of damage:
capsule tears and subcapsular hemorrhages, liver
parenchyma ruptures, crushing, and hematomas.

2. In traumatic necrosis of the liver
parenchyma, the stromal component in the form
of portal tracts remains intact during the first few
days.

3. At the edges of hematomas, during the
first day after trauma, perifocal areas of liver
parenchyma necrosis occur, which are caused by
the compressive factor of the hematoma itself.

4. In wounds older than 2 days, a zone of
necrosis progresses around the hematomas due to
ischemic infarcts, which can be explained by
thrombus formation in the vessels and
hypovolemic shock.
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