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RÉSUMÉ

Dynamique des modifications histologiques dans les 
tissus hépatiques lésés en l’absence d’intoxication al-
coolique

Introduction. Les lésions hépatiques sont une cause 
importante de décès chez les patients présentant des 
lésions traumatiques.
Le but de la recherche. Étudier l’évolution des 
modifications des paramètres histologiques de tissus 
hépatiques endommagés lors de lésions mécaniques en 
fonction du type de la lésion en l’absence d’intoxica-
tion alcoolique.
Matériel et méthodes. Nous avons examiné le tissu 
hépatique de 52 hommes et femmes (38 hommes et 
14 femmes) âgés de 20 à 60 ans, décédés à une heure 
connue et inconnue en l’absence d’alcool dans le sang. 
L’étude a été réalisée à l’aide de méthodes histolo-
giques, histochimiques et d’analyses statistiques dans 

ABSTRACT

Introduction. Liver injury is an important cause of 
death in patients with traumatic injuries.
The objective of the study. To study the dynamics 
of changes in histological parameters of injured liver 
tissues in case of mechanical trauma, depending on 
the time of damages in the absence of alcohol intox-
ication.
Materials and methods. We examined liver tissue 
of 52 individuals (38 men and 14 women) aged 20-60 
years, who died at known and unknown time in the 
absence of alcohol in the blood in the Lugansk region 
of Ukraine. The cause of death was a mechanical trau-
ma. The study was conducted by means of histological, 
histochemical methods, statistical analysis.
Results. Regular histological changes were observed 
in the area of injured liver tissue. These changes direct-
ly depend on the time elapsed since the caused dam-
age. Usage of the histological method was proved to 
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INTRODUCTION

The steady increase of the number of military 
conflicts and man-made disasters has led to an annual 
increase by 1% of the number of injured and deaths 
from injuries among the population in Ukraine1-3. The 
Operation of the United National Forces for National 
Security and Defense, Resistance and Restraint 
of Armed Aggression of the Russian Federation 
in Donetsk and Lugansk Oblast was launched on 
March 30, 2018 in the format of the Anti-Terrorist 
Operation in the Region, which was introduced in 
2014. According to the UN Office report, more than 
2500 citizens were killed and more than 9000 were 
injured in eastern Ukraine over the past four years4-6. 
The number of dead and injured continues to in-
crease every day, therefore, the question of the nature, 
mechanism, time of injuries, the morpho-functional 
state of the internal organs of the injured, and the 
impact of alcohol intoxication remains relevant.

Liver is injured more frequently than other inter-
nal organs, and its closed damage is accompanied by 
difficulties in diagnosis and high mortality. The high 
frequency of liver injury is due to its close topographi-
cal position near the abdominal wall, from one side, 
and near the edge arch from the other side, its large 
size and weight, slight change in its position at the 
time of injury, degree of blood supply, durability of 
the ligament.

The formation of liver injury also depends on the 
intra-abdominal pressure, the tone of the abdominal 
muscles, the close placement of the diaphragm, the state 

of the stomach and intestines, etc 7-10. Information on 
the frequency of liver damage in case of mechanical in-
jury is controversial in literature sources. Some authors, 
when studying the features of blunt trauma, found out 
that the frequency of liver damage was 58.7% among 
other injuries of internal organs11-13. At the same time, it 
was noted that the right liver was damaged in 62.2% of 
the cases and its left lobe was injured in 10.7% of cases, 
both parts were simultaneously damaged in 15.5% of 
cases14-17. In 41.2% of the cases, the liver was damaged 
by blunt objects14-16. The shock-breaking mechanism re-
sult and the body compression were causes of the liver 
damage in 28.8% and 29.4% of cases, respectively18-20. 
The diaphragmatic surface of the liver was damaged in 
45.5% of the cases, the upper and lower surfaces were 
damaged in 37% of cases21-23 .

Thus, according to Sapozhnikova24, the frequen-
cy of liver injuries among closed abdominal traumas 
was 25%; according to other authors, liver injury oc-
curred in 35-50% of the cases25-27. Baramia et al27-30 
noted that liver damage was detected in 27.7% of 
closed blunt body injuries, 90.1% of them in people 
of working age32-34.

The frequency of the liver damage caused under 
different circumstances was uneven. The most fre-
quent are domestic injuries, road accidents, and falls 
from the height, injuries at work, and others. Some au-
thors found that 45.1% of liver injuries were the result 
of an accident, 39.4% of cases were falls from height, 
15.5% happened in the household31-33. In cases of fall-
ing from height, abdominal organs were damaged in 
69.5% of cases, the liver was among them in 62.5% 

la région de Lougansk en Ukraine sur les victimes 
d’un traumatisme mécanique et qui était la cause de 
la mort.
Résultats. L’étude a démontré que des modifications 
histologiques régulières sont observées dans la zone 
du tissu hépatique lésé qui dépendent directement du 
temps écoulé depuis la lésion. Il est prouvé que l’utili-
sation de la méthode histologique pour déterminer le 
moment de la lésion dans le cas d’un trauma isolé du 
foie et dans le cas de lésions combinées des organes 
abdominaux, est justifiée car elle permet d’augmenter 
l’objectivité des résultats lors de la détermination de 
l’historique de la lésion.
Conclusions. L’étude a identifié des modifications 
des paramètres histologiques du tissu hépatique en 
fonction de l’historique de la lésion, du moment du 
décès, de la présence d’une maladie traumatique, ce 
qui peut aider à préciser l’historique de la lésion.

Mots-clés: foie, lésion, intoxication alcoolique, his-
toire de la lésion, paramètres histologiques.

be expedient for determining the time of injury, both 
in the isolated liver injury and in combined injuries of 
the abdominal organs. This method allows to increase 
the objectivity of the results determining the time of 
injury.
Conclusions. The study determined changes of his-
tological parameters of liver tissue depending on the 
time of injury, time of death, presence of traumatic 
illness, which can help in solving the question on the 
injury duration.

Keywords: liver, trauma, alcohol intoxication, time of 
trauma, histological parameters.
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of cases according to some authors and in 24.7% of 
case according to other authors34-36. The liver is of-
ten traumatized in transport accidents (19.5% of the 
observed), especially in car accidents. Kymbar et al34 
noted that the frequency of liver injuries was 28.4% 
among cases of mechanical injury, where falling from 
height occurred in 35.4% of cases, traffic accidents oc-
cupied 44.1%, blunt objects injuries comprised 8.3%. 
The authors noted that liver injuries were often com-
bined with damage to other organs of the abdominal 
cavity and retroperitoneal space. The peculiarity of 
liver injuries is determined by the prevalence of dam-
age to its parenchyma and the preservation of the cap-
sule, while the mechanism of injury development does 
not affect the damage so much.

THE OBJECTIVE OF THE STUDY was to evaluate the 
dynamics of changes in histological parameters of 
injured liver tissues in case of mechanical trauma, 
depending on the time of damages, in the absence of 
alcohol intoxication.

MATERIALS AND METHODS

We examined the liver tissue of 52 individuals 
(38 men and 14 women), aged from 20 to 60 years, 
who died at known and unknown time, in the ab-
sence of alcohol in the blood and were subject to 
an autopsy in the Department of Forensic Medical 
Examination of the Lugansk region in Ukraine. The 
cause of death was a mechanical trauma. The collec-
tion of tissues of traumatized organs was stored in 
the morgue at air temperature from +16 to 250 C, 
and relative humidity of 40-60%. In the course of re-
search we used histological and histochemical meth-
ods to detect the dynamics of regeneration processes 
of histological parameters of injured liver tissues and 
carried out statistical analysis of the obtained results.

The work was carried out in accordance with 
the requirements of the “Instruction on conducting 
forensic medical examination“ (Order of the Ministry 
of Health of Ukraine No. 6 dated January 17, 1995), 
in accordance with the requirements and norms, 
the standard provisions on ethics of the Ministry 
of Health of Ukraine No. 690 dated September 23, 
2009, “The procedure for the removal of biological 
objects from the dead, whose bodies are subject to 
forensic examination and pathological anatomical 
investigation, for scientific purposes“ (2018).

RESULTS

According to our data, the histological examina-
tion of liver damage in the victims of a mechanical 
trauma, in the absence of alcoholic intoxication, has 

found out that with liver injury up to 1 hour, there 
were primarily reactive changes in the periphery of in-
juries, namely, the Diss space was unevenly enlarged, 
the hepatic trabeculae were sometimes discoplexed, 
the part of hepatocytes was replaced by small round-
ed cavities in the center of particles, most hepatocytes 
had light fine-grained cytoplasm; there occurred 
small-focal dystrophy. We also observed small- and 
large-vacuolar hepatocyte hydropic dystrophy and 
moderate edema mainly in the central parts of the 
lobules. Characterizing the degree of liver blood flow, 
we observed the lack of blood supply in the tissues, 
uneven blood filling of blood vessels in the investigat-
ed sections, aggregation of erythrocytes, and leuko-
stasis in the lumen of individual vessels. It should be 
noted that most hepatocytes in the cytoplasm did not 
have deep raspberry color (glycogen), which was well 
observed during histochemical reactions. Regular 
changes developed after 1.5-2 hours: hepatic trabecu-
lae in many fields of view were compressed, interver-
tebral spaces were widespread, the intensification of 
degenerative changes in hepatocytes was manifested 
in the appearance of small and large-vacuolar hepato-
cyte hydropic dystrophy, not only in the central parts 
of the lobules, but also at the periphery, closer to the 
portal tract, there was increased the proportion of 
hepatocytes with light foamy cytoplasm. In addition, 
edema was increased, bilirubin began to accumulate 
in the cytoplasm of hepatocytes, there was a mild in-
filtration of portal paths by lymphocytes in the form 
of granules of brown color. Lack of blood supply in 
the tissues of the liver tissue still remained. Vessels 
had uneven blood filling, with red cell aggregation, 
plasma separation and leukostasis in the lumen of 
individual vessels, as shown in Figure 1. Two hours 
after liver damage, the histological picture was simi-
lar to the above, but with increases in swelling, dys-
trophic changes, and the accumulation of bilirubin 
hepatocytes in the cytoplasm. There was a discom-
plection of the hepatic trabeculae, and decreases in 
the amount of glycogen. There were isolated lym-
phocytes between the hepatic trabeculae (Figure 2). 
Morphological changes in the liver with 2-4 hours 
duration of damage were somewhat different from 
changes in the first hour after the injury. Dystrophic 
changes, edema, spasm of the arteries, and hepatic 
trabeculae discompletion were increased. Thus, along 
with the increasing of dystrophic changes, the partial 
structure of the liver was sharply disturbed, all hepat-
ocytes were virtually replaced by small ones, and in 
large part by large vacuoles. It means that there was 
a total small- and large-vacuolar hepatocyte hydropic 
dystrophy, both in the central parts of the lobes and 
in the portal tracts; with a dislocation of the hepatic 
trabeculae, increased edema and the appearance of 
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lymphocytic infiltration (insignificant) between the 
portal lobes, disturbance of circulation in the form 
of spasm of arteries, expansion of vessels of portal 
paths, with plasma separation in vascular lungs. In 
this time interval, injuries to the intradile capillar-
ies were enlarged, their walls were thickened due to 
edema accompanied by an erosion stasis in the lumen 
of capillaries, whereas in the lumen of large arter-
ies in portal tracts there was a lack of erythrocytes 
with only plasma present, indicating the appearance 
of this time interval vascular reaction to injury. The 
hepatic trabeculae were discomplexed, the intra lobu-
lar spacing was expanded, hepatocytes were replaced 
by rounded haze of various sizes (Figure 3). In addi-
tion, there were other manifestations of mechanical 

damage to the liver, in the center of damage, in many 
fields of view, the numerous small focal hematoma 
areas in the form of aggregates of erythrocytes with 
clear contours and an admixture of single leukocytes 
are determined. On the periphery of hematomas, 
the partial structure of the liver was disturbed: inter-
stitial spaces were unevenly distributed, the hepatic 
trabeculae were discomplexed, and more hepatocytes 
were replaced by small and large rounded vacuoles.

Vessels had uneven blood filling with aggrega-
tion of erythrocytes and leukostasis in the lumen of 
some of them. In the area of portal tract, small infil-
trates were observed in the form of accumulation of 
lymphocytes (Figure 4). In addition to such hemato-
mas in the liver parenchyma, there were parenchyma 

Figure 1. Growth of edema, intracellular accumulation of 
bilirubin pigment, small-vacuolic hepatocyte dystrophy of 

a 40-year-old man who died from mechanical trauma. 
The duration of the injury is 1.5 hours. 

Colored with hematoxylin-eosin. Scale: 400

Figure 3. In the lumen of large arteries, the absence of 
erythrocytes with only plasma present, expressed vacuous 

dystrophy of hepatocytes of the liver tissue of a woman, 
38 years old, who died from mechanical trauma. 

The duration of injury is 4 hours. 
Colored with hematoxylin-eosin. Scale: 100

Figure 2. Significant discomplexation of hepatic tra-
beculae, edema, small-focal fat dystrophy of hepatocytes 
(centrolobular) of liver tissues of a 22 year-old man, who 
died from mechanical trauma. The duration of injury is 
2 hours. Colored with hematoxylin-eosin. Scale: 200

Figure 4. Multiple areas of hematomas in the liver paren-
chyma of a woman, 28 years old, who died from mechani-

cal trauma. The duration of injury is 4 hours. 
Colored with hematoxylin-eosin. Scale: 100
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ruptures filled with agglutinated red blood cells with 
clear contours of orange color in some cases. When 
colored according to Mallory, the protein masses were 
determined in the vessels, the blue-purple striped 
structures (fibers) were clearly seen in the cells of the 
ruptures, as shown in Figure 5.

When the duration of injury was 6-12 hours, we 
observed regular changes in the liver tissues. We also 
observed the lack of blood supply in the liver tissues, 
no erythrocytes in the liver vessels, only plasma, and 
vessels with uneven blood filling. Intratrabeculae 
spacing was expanded. Hepatocytes were with ex-
pressed dystrophic changes in the form of predomi-
nantly large-vacuolar hepatocyte hydropic dystrophy, 
foamy places (with fat coloring it gave a positive 

reaction). We observed the accumulation of lympho-
cytes in the sinusoids. Morphological changes in the 
liver, with 5 hours duration of mechanical trauma, 
were primarily characterized by the appearance of 
necrosis in hepatic parenchyma (Figure 6).

6 hours after the trauma, hepatocytes almost 
completely lost glycogen, intra trabeculae spacing 
was expanded. We also observed severe discompen-
sation of hepatic lobules, hepatocytes with small- and 
large-vacuolar cytoplasm, foamy places, uneven filling 
of blood vessels along with the anechoic regions with 
full-blooded areas. In the necrosis zone, there was a 
release of individual erythrocytes from the capillaries 
into the necrosis area, and focal intracellular choles-
tasis. Lymphocytic infiltration was scanty, accumula-
tion of 5-6 lymphocytes or chains of lymphocytes in 
some places are observed. The glycogen granules in 
the cytoplasm of hepatocytes were not determined 
during the periodic acid Schiff (PAS) reaction. After 
1-2 days of liver tissues damage, there were clear cells 
of necrosis with a large number of hepatocytes in the 
state of necrobiosis in the sites of necrobiosis and 
between them. After 1-2 days of injury, there were 
hepatocytes in neighboring with damaged areas, with 
marked dystrophic changes in the form of small- and 
large-vacuolar hydropic dystrophy, with pronounced 
diffuse cholestasis, and insignificant infiltration (in 
the form of chains from 2 to 7), mainly from small 
lymphocytes (Figure 7).

In the next 2-3 days, the proliferation of the 
histo-fibroblast cell elements at the edge of the he-
matoma on the border with unscathed tissues began, 
the organization of thrombocytes in vessels, with the 
appearance of fibroblasts and vessels in the thrombus 

Figure 6. Along with pronounced dystrophic changes in 
hepatocytes (vacuolic dystrophy) there is a necrosis of 

individual hepatocytes in a man, 42 years old, who died 
from mechanical trauma. The duration of injury is 

6 hours. Colored with hematoxylin-eosin. Scale: 400

Figure 5. Multiple liver tissue ruptures with the accumu-
lation of erythrocytes in blood vessels, fatty dystrophy 

of liver hepatocytes in a 34 year-old man, who died from 
mechanical trauma. The duration of injury is 5 hours. 

Colored according to Kedrovskii. Scale: 100

Figure 7. Hepatocytes on the periphery of the necrosis 
center with small- and large-vacuolar hydropic dystrophy, 
expressed cholestasis, and slight infiltration of lympho-
cytes of the liver tissues, in a 48 year-old woman, who 
died from mechanical trauma. The duration of injury is 
2 days. Colored with hematoxylin-eosin. Scale: 400
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was observed, histiofibroblasts – expressed cellular el-
ements were clearly detected in torus demarcationis, 
which led to formation of collagen fibers with a high 
number of hemosiderophages. After, the hepatocytes 
with signs of regeneration (dual-core) on the 4-6th 
days after injury appeared and the repair processes 
began. Cells with hypochromic nuclei and decrease 
of circulatory disorders signs and altered processes 
proofs were detected.

In old injury (more than 7 days), the hematoma 
was represented by hemolysed erythrocytes with a 
large number of destroyed leukocytes, densified col-
lagen fibers, which clearly distinguished hematoma 
from damaged tissues. It was characterized by the 
presence of multiple grafts in the tissue of the pa-
renchyma, which included histologic regions, delicate 
collagen fibers that began to form a capsule. The pro-
cess of forming a capsule is quite long, it can last 1-2 
months. It should also be noted that in the histologi-
cal examination of liver damage in its various parts 
(from the site of the capsule damages, from the place 
of the capsule break, intact parts of the liver) there is 
a characteristic morphological picture, the origin of 
which must be thoroughly differentiated when evalu-
ating the results35,36.

DISCUSSION

Despite the large number of studies dealing with 
the abdominal cavity damage, the questions of time 
of liver injury in the absence of alcohol intoxication, 
as a result of simultaneous damage of one or more 
abdominal organs was not thoroughly studied. At 
histological examination, there were regular changes 
in parenchymal organs despite various injury time. 
Histological methods allow to establish the time of 
both one-stage and two-stage liver ruptures, in par-
ticular, the term of hematoma formation under its 
body capsule or in the depths of its parenchyma with 
a rupture or without apparent rupture of parenchy-
ma, which begin to appear at the moment of capsule 
rupture in the place of the hematoma, and gradually 
accumulate in remote periods after an injury, which 
leads to diagnostic errors in medical practice. These 
methods are also helpful in determining the absence 
effect of alcohol intoxication4-16. It is necessary to dif-
ferentiate the characteristic morphological picture 
which is revealed by the histological study of liver 
catarrhal hematomas (from the region of subcapsular 
lesions, from the places of hematomas and the cap-
sule rupture in accordance with the location of the 
subcapsular hematoma, intact parts of the liver out-
side its primary and repeated rupture)37. This allows 
to exclude or confirm the term and circumstances of 
caused abdominal trauma, especially in the unclear 

situation and in the case of repeated injury on the 
liver area, and also to determine the absence of alco-
hol intoxication26-30.

In the scientific literature32-34,38-39, we found data 
on the following changes: in the first hours and the 
first day after the trauma, at the capsule rupture 
blood stasis appears under the capsule, hematoma was 
formed with well-marked red blood cells; until the end 
of the second day, stasis of leukocytes in sinusoids and 
fibrin appear. On the 3rd day after the injury, signs of 
hemolysis with the erosion of the erythrocyte contours 
in the center of hematoma and division of blood into 
plasma and unstructured detritus were observed. On 
the 5th-6th days, in the edges of the hematoma there 
were signs of organization of the fibroblasts prolifera-
tion with the wall of capillaries, which began to form 
a capsule. Nonetheless, the capsule was not detected 
2-3 weeks after the trauma occurred.

A slightly different picture was described in 
sub-capsular hematomas and ruptures. In the first 
hours after the trauma, the contours of the hepato-
cytes were clear, the nuclei were preserved, the cy-
toplasm was well-painted; on the 2nd-3rd days, there 
were signs of necrosis with nucleus picnosis, weak 
coloration of the cytoplasm, eruptions of contours 
of hepatocytes and their melting. There were frag-
ments of the Glisson capsule up to 2-3 weeks in the 
center of hematoma. There were areas of necrosis of 
hepatocytes on the hematoma edges in the liver. In 
the preserved parenchyma, there increased edema of 
the lobules center with the lumen enlargement of the 
central veins and sinusoids, and the uneven glycogen 
distribution in the hepatocyte cytoplasm. By the end 
of the week, there were signs of regeneration in pa-
renchyma, in the form of hyperchromia of nuclei or 
binuclear hepatocytes.

CONCLUSIONS

The research results showed that the morpholog-
ical features of the liver capsule breakdown allowed 
us to decide whether this rupture occurred directly at 
the moment of the injury, or it was a consequence of 
non-fibrotic changes in the region of accumulated he-
matoma. The obtained results indicate the existence 
of natural dynamics of the histological parameters 
changes in the dead who died from injuries in the 
absence of alcoholic intoxication, and the possibility 
of developing a set of criteria for assessing the estab-
lishment of time of injury to the internal organs of 
the abdominal cavity, in particular, the liver, in the 
injured and the deceased at various types of injuries 
taking into account the syndrome of mutual obstruc-
tion, traumatic illness, individual characteristics of 
the organism.
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Further research on the study of liver damage, in 
particular the diagnosis of the mechanism, the nature 
and timing of the onset of injury, in the absence of 
alcohol intoxication, is necessary for the development 
and application of prophylactic methods for injuries.
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