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Цель. Оценить клиническое значение состояния эндотелия и агрегации тромбо-

цитов при развитии фиброза печени у детей с аутоиммунным гепатитом.  Материалы 

и методы. Обследовано 35 пациентов (19 девочек, 16 мальчиков) от 3 до 17 лет . 1-ая 

группа (n=17) – дети со степенью фиброза F 0-2 по Metavir; 2-ая группа (n=18) – F 3-4 
(по данным непрямой эластометрии). У детей 2-ой группы был диагностирован цирроз 

печени. Контрольная группа (n=15) – дети I или II групп здоровья. В качестве марке-

ров эндотелиальной дисфункции использовали эндотелин-1 и VWF. Концентрацию 

эндотелина-1 в сыворотке крови определяли методом иммуноферментного анализа 

(тест-система «Еndothelin 1-21»), VWF – на анализаторе гемокоагуляции ACL-ТОР 500 

(Instrumentation Laboratory Company, USA) с использованием набора фактора Виллеб-

ранда. Количество тромбоцитов определяли с помощью гематологического анализато-

ра Cell-Dyn 610 (Abbott Diagnostics, США), агрегационную активность тромбоцитов – 
на анализаторе агрегации тромбоцитов с использованием в качестве индуктора агрега-

ции аденозинфосфат (1,25 мг/мл) и коллаген (2,0 мк/мл). Результаты. В анализируе-

мой выборке детей с аутоиммунным гепатитом признаки формирования фиброза раз-

личной степени выявлены у ¾ обследованных. Пациенты 2-ой группы по сравнению с 

1-ой имеют более агрессивное течение: в дебюте заболевания чаще выражены жалобы 

астеноневротического характера (р=0,021), проявления синдрома желтухи (р=0,014), 

чаще диагностируется печеночно-клеточная недостаточность (р=0,045) и осложнения 

заболевания: гиперспленизм (р=0,014), варикозное расширение вен пищевода 
(р=0,003). У всех детей с аутоиммунным гепатитом зарегистрированы признаки дис-

функции эндотелия и повышения агрегационной активности тромбоцитов. Со степе-

нью фиброза коррелируют концентрация эндотелина-1 (r=0,4; p=0,004), активность 
фактора Виллебранда (r=0,5; p<0,001), количество тромбоцитов (r=-0,5; p=0,003). Вы-

воды. У детей с аутоиммунным гепатитом выявлены нарушения эндотелиального и 

тромбоцитарного звеньев системы гемостаза, коррелирующие с тяжестью патологиче-

ского процесса. Определение концентрации эндотелина-1, активности фактора Вил-

лебранда и количество тромбоцитов может быть использовано для оценки тяжести по-

ражения печени при аутоиммунном гепатите у детей. 
Ключевые слова: дети, фиброз, цирроз, эндотелий, тромбоциты, гемостаз. 
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Aim. To assess the clinical significance of the endothelial condition and platelet aggre-

gation in the development of hepatic fibrosis in children with autoimmune hepatitis. Materials 
and Methods. 35 patients aged from 3 to 17 years were studied, including 19 girls (54%) and 
16 boys (46%). The 1st group consisted of 17 children with F 0-2 degree of fibrosis acc. to the 
Metavir score; the 2nd group consisted of 18 children with F 3-4 degree of fibrosis acc. to the 
Metavir score (based on the indirect elastometry data). In children of the 2nd group hepatic cir-
rhosis was diagnosed. The control group consisted of 15 children of I or II health group. Con-
centration of endothelin-1 in blood serum was determined by ELISA method (Endothelin-1 
test-system), and of VWF – on hemocoagulation analyzer ACL-TOP 500 (Instrumentation 
Laboratory Company, USA) using Willebrand factor kit. Quantity of platelets was determined 
using hematological analyzer Cell-Dyn 610 (Abbott Diagnostics, USA), aggregation capacity 
of platelets was assessed on platelet aggregation analyzer with use of adenosine phosphate 
(1.25 mg/mL) and collagen (2.0 mg/mL) as platelet aggregation inducers. Results. In the ana-
lyzed sample of children with autoimmune hepatitis ¾ had signs of the various-degree fibrosis 
formation. Patients of the 2nd group had a more aggressive course as compared to the 1st 
group: more asthenoneurotic complaints at the onset of disease (p=0.021), manifestations of 
the jaundice syndrome (p=0.014), more cases of hepatocellular insufficiency (p=0.045), com-
plications of the disease: hypersplenism (p=0.014), varicose veins of the esophagus (p=0.003). 
All children with autoimmune hepatitis had signs of endothelial dysfunction and of enhanced 
platelet aggregation activity. The degree of fibrosis correlated with the concentration of 
endothelin-1 (r=0.4, p=0.004) and with activity of von Willebrand factor (VWF) (r=0.5, 
p<0.001) and with platelet count (r=-0.5, p=0.003). Conclusions. In children with autoim-
mune hepatitis the endothelial dysfunction and platelet disorders in the hemostasis system 
were revealed that correlated with the severity of the pathological process. Determination of 
endothelin-1 concentration, activity of von Willebrand factor and platelet count may be used 
to assess severity of liver pathology in children with autoimmune hepatitis.  

Keywords: children, fibrosis, cirrhosis, endothelium, platelets, hemostasis. 
______________________________________________________________________________ 

 
Autoimmune hepatitis (AIH) is an actual 

and socially significant problem in pediatrics 
with the incidence in European countries of 
0.1-0.9 cases per 100,000 population per year 
and prevalence of 2.2-17 patients per 100,000 
population. AIH accounts for 10-20% of 
chronic diseases of hepatobiliary system. With 

this, in recent two decades a considerable in-
crease in the incidence of autoimmune diseas-
es of the liver has been observed, among chil-
dren as well [1]. 

AIH is characterized by aggressive 
course especially in childhood. With no treat-
ment, the pathological process rather rapidly 
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progresses to hepatic cirrhosis which is present 
in 36-78% of children at diagnosis [2]. With 5-
10-fold increase in the activity of transaminas-
es and 2-fold increase in the level of γ-
globulins mortality in adults may reach 90% 
within 10 years [3]. 

Damage to hepatic tissue influences 
coagulation processes, since the liver plays 
the central role in the system of hemostasis 
being the place of synthesis of numerous co-
agulation factors and their inhibitors, of 
components of fibrinolysis system and of 
stimulators of thrombocytopoiesis. In this 
context, liver pathology causes complex and 
multidirectional disorders in this system, 
which are often unpredictable and involve all 
aspects of hemostasis including platelet plug 
formation [4]. A significant role in mainte-
nance of the balance of the hemostasis sys-
tem is played by the functional condition of 
the endothelium. According to the data of 
I.A. Kurkina, et al. (2014), local dysfunction 
of the endothelium in chronic diseases of the 
liver may cause topical hypercoagulation de-
spite the laboratory signs of systemic 
hypocoagulation [5]. Data of histological 
examinations has been obtained showing that 
a disorder in blood circulation in an organ 
leads to secondary hepatic destruction, en-
hancement of fibrosis and to progression of a 
pathological process [6].  

Endothelium is an active endocrine or-
gan represented by a monocellular layer of 
specialized cells that lines the inner surface 
of the entire cardiovascular «tree». It per-
forms barrier, secretory, hemostatic, 
vasotonic functions, and plays an important 
role in inflammation and remodeling of the 
vessel wall [7]. First of all, normal endothe-
lium functions as a potent anticoagulant sur-
face that does not activate blood coagulation 
proteins and does not attract blood cells. But 
after stimulation or trauma endothelium 
transforms into a potent procoagulant surface 
due to synthesis and release of numerous 
procoagulant substances including von 
Willebrand factor and endothelin-1 [8]. 

Exposure of subendothelial structure in 
result of damage to the endothelial cells in-
duces changes in the morphology of platelets 
and leads to increase in their adhesion and 
aggregation capacity [9]. Platelets perform 
different functions: 1) launch of immediate 
hemostasis due to adhesion and aggregation 
with the result of formation of a platelet plug, 
2) local release of vasoconstrictors for reduc-
tion in the blood flow in the damaged area, 3) 
catalysis of reactions of humoral coagulation 
system with formation of a fibrin clot, 4) ini-
tiation of reparation of tissues, 5) control of 
the local inflammatory reaction and of im-
munity [8,10]. Thus, activation of aggregation 
of platelets, on the one hand, supports in-
flammation, and, on the other hand, influ-
ences processes of thrombus formation in 
vessels thus frustrating trophism of an organ 
and its function [11].  

Studies of the endothelium and platelet 
aggregation dysfunction in pathology of the 
liver mainly concerned adult patients with a 
chronic viral hepatitis and cirrhosis at the 
stage of outcome. The scientific and clinical 
interest is stimulated by the absence of scien-
tific publications on this topic concerning 
children with AIH and cirrhosis of the liver in 
the outcome, and the role of these disorders in 
progression of fibrosis of the liver. 

Aim of the given work was investigation 
of clinical significance of the condition of the 
endothelium and of platelet aggregation in de-
velopment of liver fibrosis in children with AIH. 

Materials and Methods 
Functional condition of the endothelium 

and of platelet plug formation was studied in 
35 patients of 3-17 years of age (among them 
16 boys) who underwent treatment at the de-
partment of gastroenterology of Research 
Medical University of Volga Region, and in 
15 conventionally healthy children. The work 
was performed in correspondence with the 
Governmental assignment to Research Medi-
cal University of Volga Region for 2017-
2019, on the topic «Development of Methods 
of Prophylaxis, Diagnosis and Treatment of 
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Digestive Organs in Children in Acute and 
Chronic Hypoxia». 

All participants underwent examination 
in compliance with the medical Standard of 
specialized medical assistance to children 
with AIH. The diagnosis of AIH was made 
after exclusion of viral hepatitis, cholestatic 
and autoimmune liver diseases, Wilson-
Konovalov disease, hemochromatosis, α1-
antitrypsin deficit, toxic forms of hepatitis. 

Blood for laboratory tests was taken in 
the morning, in fasting condition, by veni-
puncture of the basilic vein. 30 days before 
examination the patients did not receive prep-
arations influencing hemostasis. As markers 
of endothelial dysfunction, endothelin-1 and 
VWF were used. Concentration of 
endothelin-1 in blood serum was determined 
by ELISA method using Еndothelin 1-21 test 
system, and activity of VWF – on ACL-ТОР 
500 hemocoagulation analyzer (Instrumenta-
tion Laboratory Company, USA) with use of 
a kit of von Willebrand factor. 

The platelet count was determined us-
ing hematological analyzer Cell-Dyn 610 
(Abbott Diagnostics, США), and aggregation 
activity of platelets was assessed on a platelet 
aggregation analyzer with use of adenosine 
phosphate (ADP) in the concentration of 1.25 
mg/mL and of collagen in the concentration 
of 2.0 mg/mL as inductors of aggregation. In 
the course of study the degree and speed of 
platelets aggregation were assessed.  

The participants were divided into 
groups depending on the extent of evidence of 
hepatic fibrosis assessed by a method of indi-
rect elastometry on Fibroscan device 
(Echosens, France) with determination of the 
stage of fibrosis by Metavir score from F0 to 
F4, by magnetic resonance tomography (Sie-
mens, 1.5 Tesla), by ultrasound examination 
(Prosond F 75). Insix patients hepatobiopsy 
was conducted. 

The 1st group (n=17) included children 
with AIH with F 0-2 Metavir score according to 
the data of indirect elastometry of the liver. The 
age of patients was 14.0 (11.0; 16.0) years. 

The 2nd group (n=18) included children 
with F 3-4 Metavir score according to the da-
ta of indirect elastometry of the liver, the 
children of this group were diagnosed with 
hepatic cirrhosis with the underlying AIH. 
The age of patients was 13.5 (9.0; 15.0) years. 

The control group (n=15) included chil-
dren referred to I or II health groups. The age 
of children of the control group was 13.0 
(10.0; 15.5) years. The studied groups were 
comparable in age and gender. 

The research work was approved by 
Ethic Committee of Research Medical Uni-
versity of Volga Region of Health Ministry 
of Russia, Protocol №16 of 05.12.2017. All 

participants of research signed Informed 
consent.  

Statistical hypotheses were tested using: 
Mann-Whitney Utest, Spearman’s correlation 

coefficient, F-test. The critical value of statis-
tical significance was assumed to be 0.05. 
The quantitative data were presented as medi-
an of the first and third quartile (Ме (Q1; 
Q3)), with the number of observations (in %). 
In parentheses the absolute numbers are 
shown (n). Statistical processing was per-
formed using Statistica 10.0 program (Stat 
Soft Inc., USA). 

Results and Discussion 
Signs of fibrosis of different degree 

(F1-F4 Metavir score) were identified accord-
ing to the data of indirect elastometry of the 
liver in ¾ of examined children: F1 fibrosis in 

8 (23%) patients, F2 – in 1 (3%), F3 – in 7 
(20%), F4 – in 11 (31%). Absence of fibrosis 
(F0) was determined in 8 (23%) patients. 

The 1st group included patients without 
fibrosis and its initial manifestations (F0-F2 
Metavir score). 18 Patients with F3-F4 fibro-
sis were diagnosed with hepatic cirrhosis, in 6 
patients the diagnosis was confirmed histo-
logically. On this basis these patients were 
included into the 2nd group. 

The mean parameter of elasticity of the 
liver according to elastometry data in the 1st 

group (F0-F2 Metavir score) was 6.05 kPa 
(4.6;7.0), in the 2nd group (F3-F4 Metavir 
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score) – 14.4 kPa (13.1;21.8 kPa, р<0.001). 
From the anamnesis, duration of the period 
from the moment of the first clinical manifes-
tations (asthenoneurotic syndrome, jaundice 
syndrome, low-grade temperature, pain in the 
abdomen) to the moment of making the diag-
nosis, was comparable in the 1st and 2nd 
groups: 7 (3;15) months in the 1st group and 8 
(4;15) months in the 2nd groups. It is im-
portant to note that at the onset of the dis-
ease16 of 18 children (88.9%) of the 2nd 
group presented with pronounced astheno-
neurotic complaints (weakness, enhanced fa-
tigue, lability of mood, troubled sleep), while 
most children of the 1st group (14 of 17; 
82.4%) had only weakness and enhanced fa-
tigue (р=0.021). Practically each second pa-
tient of the 2nd group (41.2%) had an evident 
jaundice syndrome (a combination of icteric 
discoloration of skin, sclera, oral mucosa, 
darkening of urine, light color of stools), 
while in the 1st group no such combination of 
symptom was noticed (р=0.014). 

On clinical examination «minor hepat-
ic» signs were predominating in the 2nd 
group: palmar erythema was stated in all chil-
dren of this group (100%), spider angiomas 
and pronounced venous pattern on the anteri-
or abdominal wall – in 18 of 22 children 
(81.8%), while in the 1st group these changes 
were recorded only in 4 of 17 (23.5%) and in 
3 of 17 (17.6%) patients, respectively 
(р=0.029 and р=0.025). 

The results of laboratory-instrumental 
examinations reveled predomination of the 
minimal biochemical activity in most patients 
of the 1st group (11 of 17; 64.7%) with the 
level of transaminases not exceeding the up-
per limit more than 3 times, while in 8 of 18 
children of the 2nd group (44.4%) moderate 
activity was noted (the level of transaminases 
was 4-5 times the upper norm) and 4 of 18 
patients (22.2%) had a high degree of bio-
chemical activity (the level of transaminases 
was10 times the norm). In the 1st group hepa-
tocellular failure was diagnosed in much few-
er cases that in the 2nd group – in 4 of 17 

(23.5%) and in 17 of 18 (94.4%) of the exam-
ined patients, respectively (р=0.045). 

Complications: hypersplenism (reduc-
tion in the amount of platelets, leukocytes and 
erythrocytes) and also esophageal varicose 
veins dilatation were not found in a single 
patient of the 1st group. In the 2nd group signs 
of hyperslenism were identified in 8 of 18 
children (44.4%, p=0.014), and esophageal 
varicose veins dilatation of 1-2 to 3-4 degree 
– in 11 of 18 children (61.1%, p=0.003). 

In patients of the 1st and 2nd groups the 
concentration of the marker of endothelial 
dysfunction – endothelin-1 – was increased in 
comparison with the control group (р=0.04 
and р<0,001, respectively), here, its concen-
tration in the 2nd group was reliably higher 
that in the 1st group (р=0.03, Tab. 1). Similar 
changes were recorded in one more parameter 
of the functional condition of endothelial cells 
– VWF: its activity in both groups increased 
above the physiological norm (р=0.01 and 
р<0.001, respectively), but in patients of the 
2nd group it activity was considerably higher 
than in the 1st (р=0.005, Tab. 1).  

Thus, dysfunction of the endothelium in 
children with AIH was maximally expressed 
with development of hepatic cirrhosis. The 
obtained data were confirmed by a moderate 
positive correlation relationship between the 
degree of hepatic fibrosis and markers of the 
endothelial dysfunction – endothelin-1 (r=0.356, 
p=0.004) and VWF (r=0.605, p<0.001). 

Thus, in all children with AIH reduction 
in the quantity of platelet was found as com-
pared to the control group (group 1 – 
р=0.002, group 2 – p<0.001). Here, the 
amount of platelets in the 2nd group was reliably 
lower than in the 1st one (p=0.003, Tab. 1).  

Of note, reduction in the amount of 
platelets was accompanied by increase in the 
density of the liver, according to indirect 
fibroelastometry data (r=-0.5, p=0.003), and 
by increase in the concentration of markers of 
endothelial dysfunction – endothelin-1  
(r=-0.528, p<0.001) and VWF (r=-0.501,  
p<0.001). 



ОРИГИНАЛЬНЫЕ  ИССЛЕДОВАНИЯ 
  

DOI:10.23888/PAVLOVJ2018264500-510      ORIGINAL  STUDY 
 

505 РОССИЙСКИЙ  МЕДИКО-БИОЛОГИЧЕСКИЙ  ВЕСТНИК 
имени академика И.П. Павлова. 2018. Т. 26. №4. С. 500-510 

I .P .  P AV LOV   RUS SIAN  M EDICAL  
BIOLOGICAL HERALD. 2018;26(4):500-10 

 
Table 1 

Parameters of Functional Condition of Endothelium and of Aggregation of Platelets  
in Examined Children with Autoimmune Hepatitis 

 

Parameter 

Control, conven-
tionally healthy 

children 
n=15 

Children with AIH 

Group 1, 
F 0-2 Metavir score, 

n=17 

F 3-4 Metavir score, 
n=18 

Endothelin-1, fmol/mL 
0.55  

(0.22; 0.63) 
0.87  

(0.49; 1.74)* 
1.67  

(0.81; 5.08)*; ** 

VWF, % 
76.6  

(58.85; 105.4) 
134.0  

(111.0; 154.5)* 
167.5  

(148.0; 240.0)*; ** 

Platelets, thousands/µL 
311.0  

(266.0; 349.5) 
246.3  

(230.7; 254.75)* 
215.0  

(199.8; 237.1)*; ** 

ADP inductor of aggregation, degree, % 
22.3  

(14.8; 24.2) 
51.95  

(24.55; 61.95)* 
53.1  

(26.2; 69.1)* 

ADP inductor of aggregation, speed, %/min 
29.95  

(17.8; 36.5) 
36.9  

(35.2; 48.2)* 
39.6  

(29.6; 55.0)* 

Collagen inductor of aggregation, degree, % 
61.85  

(55.4; 70.3) 
77.6  

(75.15; 86.85)* 
71.6  

(66.9; 85.7)* 

Collagen inductor of aggregation, speed, 
%/min 

33.05  
(18.5; 58.4) 

61.4  
(50.0; 67.4) 

59.6  
(52.4; 75.0) 

 
Note: n – number of observations, *– statistically significant differences in comparison 

with the control group, **– statistically significant differences between groups 1 and 2 
 

Positive correlation relationships of 
moderate force were identified between 
markers of endothelial dysfunction, platelets 
and clinical peculiarities of the disease. Thus, 
the values of endothelin-1 at the onset of the 
disease were directly interrelated with the ex-
pressiveness of the asthenoneurotic syndrome 
(r=0.362, р=0.03), of ochrodermia of skin 
(r=0.437, р=0.008) and sclera (r=0.385, 
р=0.02). VWF directly, and the platelet count 
inversely correlated with expressiveness of 
vascular changes occurring in chronic diseas-
es of the liver – spider angiomas on the face 
in combination with dilatation of the venous 
network on the anterior abdominal wall 
(r=0.486, р=0.004 and r=-0.576, р=0.031,  
respectively). Besides, the platelet count in-
versely correlated with expressiveness of such 
complications of the pathological process as 
hypersplenism (r=-0.567, р=0.001) and esopha-
geal varicose veins dilatation (r=0.363, р=0.048). 

Study of aggregation of platelets with 
ADP and collagen showed increase both in 
the extent and speed of aggregation in chil-
dren with AIH irrespective of the stage of he-
patic fibrosis. The extent of aggregation of 
platelets induced by ADP in patients of the 1st 
and 2nd groups significantly exceeded this pa-
rameter in healthy children (р=0.003 and 
р=0.004, respectively). Along with this, with 
ADP induction, the speed of aggregation of 
platelets in both groups also increased in 
comparison with control values (р=0.008 and 
р=0.016, respectively). With use of collagen 
as a platelet aggregation inducer, both the ex-
tent and speed of aggregation in the 1st and 
2nd groups were increased in comparison with 
the control group (p<0.001 and р=0.021, re-
spectively), (р=0.021 and р=0.04, respective-
ly, Tab. 1). Expressiveness of aggregation of 
platelets with ADP and collagen directly de-
pended on the activity of VWF (Tab. 2). 
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Table 2 

Analysis of Correlation between Activity of von Willebrand Factor (VWF) and Parameters  
of Aggregation of Platelets in Examined Children (Spearman’s coefficient) 

 

Correlation Parameter  
Force and Statistical Significance  

of Correlation Relationship 

VWF/extent of aggregation of platelets with ADP r=0.467, р=0.001 

VWF/speed of aggregation of platelets with ADP r=0.312, р=0.039 

VWF/extent of aggregation of platelets with collagen r=0.302, р=0.046 

VWF/speed of aggregation of platelets with collagen r=0.366, р=0.016 

 
Note: r – force of correlation relationship, p – statistical significance of correlation rela-

tionship 
 

Thus, according to the results of the 
conducted study, autoimmune hepatitis in 
children is characterized by aggressive 
course. The first complaints and clinical 
manifestations often appear when the liver 
has already been deeply damaged. Rather 
rapidly, within 7-8 months after the first 
clinical manifestations, evident disorders in 
the structure of the liver start to occur caused 
by overgrowth of connective tissue. Only 
23% of children had no signs of fibrosis, in 
the rest of the patients – 77%, different de-
grees of fibrosis (from 1 to 4) were deter-
mined in Metavir score.  

In blood of patients with AIH laboratory 
signs of damage to the endothelium were found 
– increase in highly specific markers of endo-
thelial dysfunction – endothelin-1 and VWF. 

One of the major functions of endothe-
lium is a balanced release of regulatory sub-
stances that determines integrated work of the 
circulatory system. With the «normal» func-
tion of the endothelium the balance is always 
shifted toward vasodilatation, inhibition of 
angiogenesis, antithrombotic, antiinflam-
matory and antioxidant effects. A disruption 
in the function or structure of the endothelium 
sharply changes the spectrum of released bio-
logically active substances with excessive 
synthesis of procoagulants: endothelin-1 and 
VWF [7,8]. High concentrations of 
endothelin-1 lead to persistent vasocon-

striction resul-ting in ischemia, necrosis of 
tissues, and support an inflammatory process 
in the organ. It was shown in the experiment 
that endothelin-1 participates in activation of 
stellate cells, thus promoting enhanced depo-
sition of the main components of the extracel-
lular matrix [12-14]. According to literature 
data, in adult people with chronic viral hepati-
tis and decompensated cirrhosis of viral etiol-
ogy, increase in endothelin-1 and VWF is 
noted [15]. It was shown that in severe hepat-
ic cirrhosis in adults, plasma level of VWF 
may rise more than 10-fold [16,17]. The data 
obtained by us do not contradict literature da-
ta: in children with the established hepatic 
cirrhosis as an outcome of AIH accompanied 
by moderate and high biochemical activity, 
hepatocellular insufficiency, hypersplenism, 
esophageal varicose veins dilatation, the 
markers of the endothelium dysfunction were 
maximally increased.  

Increase in the activity of VWF en-
hances adhesion-aggregation properties of 
platelets. This substance belongs to a group 
of early thromboregulators since it influ-
ences the process of thrombus formation be-
fore thrombin has been formed [18]. This 
was confirmed by positive correlation rela-
tionships between the activity of VWF and 
parameters of platelet aggregation obtained 
by us. With induction by ADP and collagen, 
an increased extent and speed of platelet ag-
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gregation were noted in all the examined pa-
tients. However, no reliably significant dif-
ferences between the studied groups were 
found. This may be probably associated with 
the tendency to reduction in platelet count in 
both groups. It is known that formation of 
small aggregates of platelets in case of 
thrombocytopenia may not influence light 
transmission through suspension of platelets 
in study of their aggregation which may lead 
to erroneously low results [19]. Both at the 
initial stages of fibrosis and at the stage of 
established cirrhosis in children with auto-
immune damage to the liver, the amount of 
platelets has a tendency to reduction in com-
parison with the control group. However, in 
our study the platelet count remained within 
the physiological norm in both groups. In 
studies with participation of adult patients 
with hepatitis and hepatic cirrhosis of viral 
etiology, similar data of disorders of the vas-
cular-platelet hemostasis in the form of in-
crease of aggregation and activation of plate-
lets were obtained [20].  

It is important to note that concentra-
tion of endothelin-1, platelets, activity of 
VWF have an important clinical significance 
in AIH in children. According to the results 
of our study, children having a more ex-
pressed asthenoneurotic syndrome and jaun-
dice syndrome at the onset of the disease, 
further develop a more expressed dysfunc-

tion of the endothelium and a more severe 
form of the disease characterized by for-
mation of hepatic cirrhosis, hypersplenism 
and esophageal varicose veins dilatation. 

Conclusions 
1. The onset of a severe form of auto-

immune hepatitis is characterized by an evi-
dent jaundice syndrome, a complex of 
asthenoneurotic complaints, a moderately 
high degree of biochemical activity, hepato-
cellular insufficiency, rapid development of 
hepatic cirrhosis and of complications 
(esophageal varicose veins dilatation, 
hypersplenism) against the background evi-
dent dysfunction of the endothelium. 

2. All children with autoimmune 
hepatitis have a dysfunction of the endo-
thelium (increased concentration of 
endothelin-1 and the activity of von 
Willebrand factor) dependent on the degree 
of hepatic fibrosis.  

3. Alteration of the functional condition 
of the platelet aspect of hemostasis (increased 
aggregation of platelets) is recorded in all 
children with autoimmune hepatitis without 
dependence on the degree of fibrosis.  

4. Determination of the parameters of 
the functional condition of the endothelium 
(endothelin-1, von Willebrand factor) and of 
the platelet count may be recommended for 
evaluation of the severity of damage in auto-
immune hepatitis in children. 

 
______________________________________________________________________________ 

 
Литература 

1. Костырко Е.В., Шумилов П.В. Современные 

методы лечения детей с аутоиммунными забо-

леваниями печени // Педиатрическая фармако-

логия. 2015. Т. 12, №6. С. 679-685. doi:10.15690/ 
pf.v12i6.1492 

2. Кляритская И.Л., Шелихова Е.О., Семенихина 

Е.В. Диагностика аутоиммунного гепатита со-

гласно рекомендациям EASL 2015 // Крымский 

терапевтический журнал. 2015. Т. 27, №4. С. 9-17. 
3. Шварц В.Я., Ногаллер А.М. Аутоиммунный 

гепатит // Клиническая медицина. 2013. Т. 91, 

№9. С. 57-61. 

4. Leonardi F., Maria N., Villa E. Anticoagulation in 
cirrhosis: a new paradigm? // Clinical and molecu-
lar hepatology. 2017. Vol. 23, №1. Р. 13-21. 
doi:10.3350/cmh.2016.0110 

5. Куркина И.А., Маевская М.В., Силаев Б.В., и 

др. Гиперкоагуляционный синдром у больных 

циррозом печени // Российский журнал гастро-

энтерологии, гепатологии, колопроктологии. 
2014. Т. 24, №6. С. 36-44. 

6. Mancuso A. The ischemic liver cirrhosis theory and 
its clinical implications // Medical Hypotheses. 
2016. Vol. 94. Р. 4-6. doi:10.1016/j.mehy.2016. 
06.008 

https://doi.org/10.15690/pf.v12i6.1492
https://doi.org/10.15690/pf.v12i6.1492
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mancuso%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27515188
https://www.ncbi.nlm.nih.gov/pubmed/27515188


ОРИГИНАЛЬНЫЕ  ИССЛЕДОВАНИЯ  
  

ORIGINAL  STUDY         DOI:10.23888/PAVLOVJ2018264500-510 
 

508 
РОССИЙСКИЙ  МЕДИКО-БИОЛОГИЧЕСКИЙ  ВЕСТНИК 
имени академика И.П. Павлова. 2018. Т. 26. №4. С. 500-510 

I .P .  P AV LOV   RUS SIAN   M EDICAL  
BIOLOGICAL HERALD. 2018;26(4):500-10 

7. Eelen G., De Zeeuw P., Treps L., et al. Endothelial 
Cell Metabolism // Physiological Reviews. 2018. Vol. 
98, №1. Р. 3-58. doi:10.1152/physrev.00001.2017 

8. Шиффман Ф.Дж. Патофизиология крови. М.: 
БИНОМ; 2017.  

9. Malerba M., Nardin M., Radaeli A., et al. The po-
tential role of endothelial dysfunction and platelet 
activation in the development of thrombotic risk in 
COPD patients // Expert Review of Hematology. 
2017. Vol. 10, №9 P. 821-832. doi:10.1080/ 
17474086.2017.1353416 

10. Holinstat M. Normal platelet function // Cancer and 
Metastasis Reviews. 2017. Vol. 36, №2. P. 195-
198. doi:10.1007/s10555-017-9677-x 

11. Козловский В.И., Ковтун О.М., Серпухова О.П., 
и др. Методы исследования и клиническое зна-

чение агрегации тромбоцитов. Фокус на спон-

танную агрегацию // Вестник ВГМУ. 2013. 
Т. 12, №4. С. 79-91.  

12. Шифф Ю.Р., Соррел М.Ф., Мэддрей У.С. Болезни 

печени по Шиффу. Цирроз печени и его ослож-

нения. Трансплантация печени. 10-е изд. М.: 

ГЭОТАР-Медиа; 2012.  
13. Poisson J., Lemoinne S., Boulanger C., et al. Liver 

sinusoidal endothelial cells: Physiology and role in 
liver diseases // Journal of Hepatology. 2017. Vol. 
66, №1. P. 212-227. doi:10.1016/j.jhep.2016.07.009 

14. Wereszczynka-Siemiatkowska U., Swidnicka-
Siergiejko A., Siemiatkowski A., et al. Endothelin 
1 and transforming growth factor-β1 correlate with 
liver function and portal pressure in cirrhotic pa-
tients // Cytokine. 2015. Vol. 76, №2. Р. 144-151. 
doi:10. 1016/j.cyto.2015.05.025 

15. Щёкотова А.П., Котельникова Л.П., Мугатаров 

И.Н., и др. Эндотелиальная дисфункция, воспа-

ление и фиброз при гепатобилиарной патологии 

// Фундаментальные исследования. 2013. №5-2. 
С. 451-455. 

16. Куркина И.А., Маевская М.В., Ивашкин В.Т. 

Гиперкоагуляция и тромбоз у больных циррозом 
печени // Поликлиника. 2015. №4-2. С. 20-26. 

17. Wu H., Yan Sh., Wang G., et al. von Willebrand 
factor as a novel noninvasive predictor of portal 
hypertension and esophageal varices in hepatitis B 
patients with cirrhosis // Scandinavian Journal of 
Gastroenterology. 2015. Vоl. 50, №9. Р. 1160-
1169. doi:10.3109/00365521.2015.1037346 

18. Папаян Л.П. Болезнь Виллебранда: структура и 

функция фактора Виллебранда, классификация, 

клиническая картина и основные принципы ди-

агностики. Лекция // Вопросы гематологии / он-

кологии и иммунологии в педиатрии. 2012. 
Т. 11, №4. С. 5-10. 

19. Gabbasov Z.A., Popov E.G., Gavrilov I.Yu., et al. 
Platelet aggregation: the use of optical density fluctua-
tions to study microaggregate formation in platelet 
suspension // Thrombosis Research. 1989. Vol. 54, 
№3. P. 215-223. doi:10.1016/0049-3848(89) 90229-6 

20. González-Reimers E., Quintero-Platt G., Martín-
González C., et al. Thrombin activation and liver 
inflammation in advanced hepatitis C virus infec-
tion // World Journal of Gastroenterology. 2016. 
Vol. 22, №18. Р. 4427-4437. doi:10.3748/wjg.v22. 
i18.4427 

References 
1. Kostyrko EV, Shumilov PV. Contemporary Methods 

of Treating Children with Autoimmune Nephric 
Diseases. Pediatric Pharmacology. 2015;12(6): 
679-85. (In Russ). doi:10.15690/pf.v12i6.1492 

2. Kliaritskaia IL, Shelihova EO, Semenihina EV. 
Diagnosis of autoimmune hepatitis according to 
EASL Clinical Practice Guidelines 2015. Crimean 
Journal of Internal Diseases. 2015;4(27):9-17. (In 
Russ). 

3. Shvarts VYa, Nogaller AM. Autoimmune hepatitis. 
Clinical Medicine. 2013;91(9):57-61. (In Russ). 

4. Leonardi F, Maria N, Villa E. Anticoagulation in 
cirrhosis: a new paradigm? Clinical and Molecular 
Hepatology. 2017;23(1):13-21. doi:10.3350/cmh. 
2016.0110  

5. Kurkina IA, Mayevskaya MV, Silayev BV, et al. 
Hypercoagulation syndrome at liver cirrhosis. 
Russian Journal of Gastroenterology, Hepatology, 
Coloproctology. 2014;6:36-44. (In Russ). 

6. Mancuso A. The ischemic liver cirrhosis theory and 
its clinical implications. Medical Hypotheses. 
2016;94:4-6. doi:10.1016/j.mehy.2016.06.008 

7. Eelen G, De Zeeuw P, Treps L, et al. Endothelial 
Cell Metabolism. Physiological Reviews. 2018; 
98(1):3-58. doi:10.1152/physrev.00001.2017 

8. Shiffman FDzh. Patofiziologiya krovi. Moscow: 
BINOM; 2017. (In Russ). 

9. Malerba M, Nardin M, Radaeli A, et al. The poten-
tial role of endothelial dysfunction and platelet ac-
tivation in the development of thrombotic risk in 
COPD patients. Expert Review of Hematology. 2017; 
10(9):821-32. doi:10.1080/17474086.2017.1353416 

10. Holinstat M. Normal platelet function. Cancer and 
Metastasis Reviews. 2017;36(2):195-8. doi:10.1007/ 
s10555-017-9677-x 

11. Kozlovsky VI, Kovtun OM, Seroukhova OP, et al. 
Methods of investigation and clinical significance 
of thrombocytes aggregation with emphasis on 
spontaneous aggregation of platelets. Vestnik of Vi-
tebsk State Medical University. 2013;12(4):79-91. 
(In Russ). 

https://doi.org/10.3109/00365521.2015.1037346
https://doi.org/10.1016/0049-3848(89)90229-6
https://doi.org/10.3748/wjg.v22.i18.4427
https://doi.org/10.3748/wjg.v22.i18.4427
https://pf.spr-journal.ru/jour/article/view/1373
https://pf.spr-journal.ru/jour/article/view/1373
https://pf.spr-journal.ru/jour/article/view/1373
https://doi.org/10.15690/pf.v12i6.1492
http://crimtj.ru/Journal-engl.html
http://crimtj.ru/Journal-engl.html
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mancuso%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27515188
https://www.ncbi.nlm.nih.gov/pubmed/27515188
http://vestnik.vsmu.by/archive-en/2013-en/vol12-n4/2013-4-79-91.html
http://vestnik.vsmu.by/archive-en/2013-en/vol12-n4/2013-4-79-91.html
http://vestnik.vsmu.by/archive-en/2013-en/vol12-n4/2013-4-79-91.html


ОРИГИНАЛЬНЫЕ  ИССЛЕДОВАНИЯ 
  

DOI:10.23888/PAVLOVJ2018264500-510      ORIGINAL  STUDY 
 

509 РОССИЙСКИЙ  МЕДИКО-БИОЛОГИЧЕСКИЙ  ВЕСТНИК 
имени академика И.П. Павлова. 2018. Т. 26. №4. С. 500-510 

I .P .  P AV LOV   RUS SIAN  M EDICAL  
BIOLOGICAL HERALD. 2018;26(4):500-10 

12. Schiff ER, Sorrell MF, Mjeddrej WC. Shiff’s dis-
eases of the liver. 10th ed. Moscow: GJeOTAR-
Media; 2012. (In Russ). 

13. Poisson J, Lemoinne S, Boulanger C, et al. Liver 
sinusoidal endothelial cells: Physiology and role in 
liver diseases. Journal of Hepatology. 2017; 
66(1):212-27. doi:10.1016/j.jhep.2016.07.009 

14. Wereszczynka-Siemiatkowska U, Swidnicka-Sier-
giejko A, Siemiatkowski A, et al. Endothelin 1 and 
transforming growth factor-β1 correlate with liver 
function and portal pressure in cirrhotic patients. 
Cytokine. 2015;76(2):144-51. doi:10.1016/j.cyto. 
2015.05.025 

15. Schekotova AP, Kotelnikova LP, Mugatarov IN et 
al. Endothelial dysfunction, inflammation and fi-
brosis in the presence of hepatobiliary pathology. 
Fundamental Research. 2013;5-2:451-5. (In Russ). 

16. Kurkina IA, Maevskaya MV, Ivashkin VT. 
Hypercoagulation and thrombosis in patients with 
liver cirrhosis. Polyclinic. 2015;4(2):20-6. (In 
Russ). 

17. Wu H, Yan Sh, Wang G, et al. von Willebrand fac-
tor as a novel noninvasive predictor of portal hyper-
tension and esophageal varices in hepatitis B pa-
tients with cirrhosis. Scandinavian Journal of Gas-
troenterology. 2015;50(9):1160-9. doi:10.3109/0036 
5521.2015.1037346 

18. Papayan LP. Von Willebrand disease: Structure and 
function of von Willebrand factor, classification, 
clinical manifestations, and diagnosis. Pediatric 
Hematology/Oncology and Immunopathology. 2012; 
11(4):5-10.  

19. Gabbasov ZA, Popov EG, Gavrilov IYu, et al. 
Platelet aggregation: the use of optical density fluc-
tuations to study microaggregate formation in plate-
let suspension. Thrombosis Research. 1989;54(3): 
215-23. doi:10.1016/0049-3848(89)90229-6 

20. González-Reimers E, Quintero-Platt G, Martín-
González C, et al. Thrombin activation and liver in-
flammation in advanced hepatitis C virus infection. 
World Journal Gastroenterology. 2016;22(18): 
4427-37. doi:10.3748/wjg.v22.i18.4427 

 
 

______________________________________________________________________________________________________________________ 
 

Дополнительная информация [Additional Info] 
 

Источник финансирования. Бюджет ФГБОУ ВО Приволжский исследовательский медицинский университет Минздрава России. Fi-
nancing of study. Budget of Research Medical University of Volga Region. 
 
Конфликт интересов. Авторы декларируют отсутствие явных и потенциальных конфликтов интересов, о которых необходимо сооб-

щить, в связи с публикацией данной статьи. [Conflict of interests. The authors declare no actual and potential conflict of interests which should 
be stated in connection with publication of the article.] 
 
Участие авторов. Коновалова Е.Ю. – дизайн исследования, сбор и обработка материала, статистическая обработка, написание текста, 

Лаврова А.Е. – концепция и дизайн исследования, редактирование, Преснякова М.В – сбор и обработка материала, написание текста. 
[Participation of authors. E.Y. Konovalova – design of the study, acquisition and processing of the material, statistical processing, writing the 
text, A.E. Lavrova – concept and design of the study, editing, M.V. Presnyakova – acquisition and processing of the material, writing the text.] 
 
______________________________________________________________________________________________________________________ 

 
Информация об авторах [Authors Info] 

 
*Коновалова Екатерина Юрьевна – м.н.с. отдела «Клиника гастроэнтерологии и нарушений обмена веществ» ФГБОУ ВО Приволж-

ский исследовательский медицинский университет Минздрава России, Нижний Новгород, Россия. Ekaterina Yu. Konovalova – Junior 
Researcher of Department «Clinic of Gastroenterology and Metabolic disorders», Research Medical University of Volga Region, Nizhny Novgo-
rod, Russia. 
SPIN: 4437-3176, ORCID ID: 0000-0003-1059-6293, Researcher ID: H-1099-2018. E-mail: ekaterinapashkina@yandex.ru  
 
Лаврова Алла Евгеньевна – д.м.н., г.н.с. отдела «Клиника гастроэнтерологии и нарушений обмена веществ» ФГБОУ ВО Приволжский 

исследовательский медицинский университет Минздрава России, Нижний Новгород, Россия. Alla E. Lavrova – МD, PhD, Leading Re-
searcher of Department «Clinic of Gastroenterology and Metabolic disorders», Research Medical University of Volga Region, Nizhny Novgorod, 
Russia. 
SPIN: 1040-2836, ORCID ID: 0000-0002-0447-214X, Researcher ID: H-5209-2018. 
 
Преснякова Марина Владимировна – к.б.н., с.н.с. лаборатории биохимии ФГБОУ ВО Приволжский исследовательский медицинский 

университет Минздрава России, Нижний Новгород, Россия. Marina V. Presnyakova – PhD in Biological sciences, Senior Researcher of 
Department «Clinic of Gastroenterology and Metabolic disorders», Research Medical University of Volga Region, Nizhny Novgorod, Russia. 
SPIN: 2188-3549, ORCID ID: 0000-0002-3951-9403, Researcher ID: H-4567-2018. 
 

https://elibrary.ru/author_items.asp?authorid=528257
https://elibrary.ru/author_items.asp?authorid=353972
https://doi.org/10.3109/00365521.2015.1037346
https://doi.org/10.3109/00365521.2015.1037346
https://doi.org/10.3748/wjg.v22.i18.4427


ОРИГИНАЛЬНЫЕ  ИССЛЕДОВАНИЯ  
  

ORIGINAL  STUDY         DOI:10.23888/PAVLOVJ2018264500-510 
 

510 
РОССИЙСКИЙ  МЕДИКО-БИОЛОГИЧЕСКИЙ  ВЕСТНИК 
имени академика И.П. Павлова. 2018. Т. 26. №4. С. 500-510 

I .P .  P AV LOV   RUS SIAN   M EDICAL  
BIOLOGICAL HERALD. 2018;26(4):500-10 

 
 
Цитировать: Коновалова Е.Ю., Лаврова А.Е., Преснякова М.В. Дисфункция эндотелия и нарушение тромбоцитарного звена гемостаза 
при развитии фиброза печени у детей с аутоиммунным гепатитом // Российский медико-биологический вестник имени академика 

И.П. Павлова. 2018. Т. 26, №4. С. 500-510. doi:10.23888/PAVLOVJ2018264500-510 
 
To cite this article: Konovalova EY, Lavrova AE, Presnyakova MV. Endothelial dysfunction and platelet function disorder in hemostasis in de-
velopment of hepatic fibrosis in children with autoimmune hepatitis. I.P. Pavlov Russian Medical Biological Herald. 2018;26(4):500-10. 
doi:10.23888/PAVLOVJ2018264500-510 

 
 
 

Поступила/Received: 13.04.2018 
Принята в печать/Accepted: 12.12.2018 


