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The physiology of the hemostasis system is closely related to the function of the liver, 

because liver cells produce most of the factors of the coagulation and fibrinolytic system. 

As a result, chronic or acute diseases of this organ have a profound effect on the 

hemostasis system. Symptoms such as bleeding from varicose veins of the esophagus, 

hematoma, hemorrhagic purpura, nasal bleeding, odontorrhea, menorrhagia are among 

the actual clinical problems for patients with liver cirrhosis [9]. 

Among the pathogenetic changes of hemostasis, the pathology of vascular-platelet 

hemostasis associated with angiotrophic, adhesion, aggregation activities of platelets, 

microcirculatory disorders leads to the exacerbation of this disease, the emergence of 

severe complications, the formation of chronic forms of liver diseases [ 1]. Histological 

activity and development of fibrosis increase endothelial damage, decrease the number 

and function of platelets [6]. 

Platelets, which are a component of the vascular-platelet stage of hemostasis, are 

damaged quantitatively and qualitatively in chronic diffuse liver diseases (CDLD). In 

CDLD, thrombocytopenia, which is a characteristic pathology of cellular hemostasis, 

develops thrombocytopathy, manifested by impaired adhesion and aggregation 

functions [19]. 

Thrombocytopenia is a decrease in the number of platelets from 150 x109/l, which can 

occur in chronic and acute liver failure. The main cause of thrombocytopenia in patients 

with liver cirrhosis is hypersplenism, in which increased sequestration of platelets in the 

spleen is observed. In addition, intoxication of the body, impaired synthesis of platelets 
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due to folic acid deficiency, decreased production of thrombopoietin in the liver, 

disseminated intravascular coagulation syndrome in CDLD, production of 

autoantibodies can be the main causes of thrombocytopenia. In patients with 

decompensated liver cirrhosis, 90% of platelets are sequestered in the spleen [8]. 

In a study by Fusegawa H. and co-authors (2002), patients with chronic hepatitis C and 

liver cirrhosis found a significant decrease in the number of platelets. Also, the study of 

various forms of liver disease associated with chronic hepatitis B virus (chronic hepatitis 

8.4%, cirrhosis 27.5% and hepatocellular carcinoma - 34.5%) showed a decrease in the 

number of platelets. In conclusion, thrombocytopenia in CDLD is one of the main 

problems leading to the development of major bleeding [19]. 

Platelets are not only involved in blood clotting, but also produce many growth factors 

necessary for the development of organs and tissue regeneration. At the same time, it 

suppresses the activity of hepatic stellate cells, which produce collagen and reduce liver 

fibrosis. The regenerative effect of platelets is directly on hepatocytes, liver sinusoidal 

endothelial cells and Kupffer cells. It plays an important role in platelet repair of liver 

damage and is used as an antifibrotic therapy [21]. Another study found that platelet 

transfusion improved liver function in patients with liver cirrhosis [18]. But in recent 

years, the treatment of hemostasis pathology reduces the transfusion of blood 

components, which in many cases helps to prevent the complications of 

hemocomponent therapy and the risk of hemotransmissible infections [10]. 

The main disturbance of hemostasis in liver diseases is associated with adhesion and 

aggregation dysfunction of platelets [17]. According to M.N. Ustinova, the increase in 

the aggregation function of platelets is observed with an increase in the activity of 

organospecific enzymes and transaminases. An increase in the activity of transaminases 

is a sign of cytolytic syndrome, in which a decrease in platelet aggregation is observed 

[7]. 

In patients with severe cytolysis and mesenchymal inflammatory syndrome, a decrease 

in the activity of cyclic adenosine monophosphate, cyclic guanosine monophosphate, P-

thromboglobulin, platelet factor 4 and cyclic adenosine monophosphate leads to a 

decrease in platelet aggregation ability. In the decompensation phase of liver cirrhosis, 

profound changes in platelet function are observed [6]. The amount of alpha granules, 

beta-thromboglobulin and platelet factor 4 in the blood serum is up to 7 times higher 

than in healthy people. In chronic liver diseases, the megaplatelet fraction increases in 

the morphological parameters of platelets. In the studies of Sayed D., it was found that 

active platelets, active monocytes, aggregation of monocytes and platelets are high in 

liver cirrhosis [21]. 

At the same time, the effect of antioxidant protective enzymes on platelets, the role of 

lipid peroxidation products in the destabilization of erythrocyte and platelet 

membranes is known. Disturbances of platelet aggregation function in patients with 

CDLD determine the degree of impairment of the antioxidant defense system [10]. 
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Hemostasis disorders in end-stage liver disease have a major impact on the prognosis 

of liver transplantation. Liver transplantation can cause profound changes in the 

hemostasis system. Depletion of clotting factors and platelets can cause massive 

bleeding during surgery, and ischemia and tissue injury can aggravate coagulopathy 

[13]. 

Disruption of intrahepatic hemodynamics, which is of great importance in the 

development of liver cirrhosis, leads to endothelial dysfunction and is the basis of the 

pathogenesis of chronic hepatitis [1]. Endothelial cells of the liver sinusoids not only 

act as a barrier between the sinusoids and the liver parenchyma, but also actively 

participate in the inflammatory reaction, enhance adhesion and antigen production, 

destroy anti-inflammatory substances or, on the contrary, produce inflammatory 

mediators emits [3]. At the same time, the effect of the endothelium on aggregation is 

related to the production of prostacyclin, nitric oxide. The mechanism of action of 

prostacyclin and nitric oxide is the release of calcium ions from platelets, which 

reduces the aggregation function of platelets. The anticoagulant effect of the 

endothelium is associated with the production of endogenous heparins, tissue 

thromboplastin inhibitor, tissue plasminogen activator, thrombomodulin, 

antithrombin III. Endothelial dysfunction predicts the pathogenesis of a number of 

diseases. Today, the pathogenetic role of endothelial dysfunction is recognized and is 

an important link in the development of cardiovascular diseases, diabetes, bronchial 

asthma, oncological diseases, intoxication infections. The activity of single-layer 

vascular endothelium is important in treatment and prevention practices, which is the 

reason for the emergence of a new strategic concept of vascular medicine [4]. 

Endothelial cells are damaged under the influence of immune complexes, 

inflammatory mediators, and viruses [9]. Coagulation factors of the hemostasis system 

are produced by endothelial cells and hepatocytes, which ensure the interdependence 

of liver function and vascular endothelium. Endothelial dysfunction develops in liver 

diseases, which is considered the cause of many pathological processes. Endothelial 

damage leads to the production of biologically active substances, which disrupts the 

balance between the synthesis of coagulation and anticoagulant factors. In endothelial 

dysfunction, the balance between vasodilation, production of angioprotective, 

prothrombotic and proliferative factors is disturbed [18]. 

Violation of the functional state of the endothelium leads to an increase in the cytolytic 

process in the liver. Von Willebrand factor, which is an indicator of the hemostasis 

system, increases in liver cirrhosis [14]. In the study of M.J. Hollestelle, it was shown 

that the amount of von Willebrand factor in the plasma increases more than 10 times 

during the decompensation stage of liver cirrhosis. This number of platelets helps to 

compensate for their reduced adhesion function [15]. In patients with liver cirrhosis, 

binding of platelets to Willebrand factor decreases by 50%, which increases the risk of 

hemorrhagic complications [12]. Regardless of the etiology, the activity of the 

Willebrand factor is much higher in CDLD [13]. 
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Many factors of blood coagulation are synthesized by endothelial cells and 

hepatocytes, so the liver and endothelium have an effect on hemostasis. In CDLD, the 

spectrum of biologically active substances produced by the endothelium changes, 

which leads to an imbalance between the synthesis of prothrombogenic and 

antithrombotic, dilatant and spastic factors. As a result, the synthesis of 

vasoconstrictors and procoagulants increases, which leads to vessel spasm. As a result 

of long-term exposure to a harmful factor, the endothelium begins to cause a number 

of systemic pathological processes (inflammation, thrombosis, etc.) [9]. Prostacyclin, 

increased synthesis of nitric oxide releases calcium ions from smooth muscles and 

platelets, which prevents spasm of blood vessels and aggregation of platelets, helps to 

activate defective platelets under natural conditions [11]. 

Thrombomodulin, which acts as a thrombin receptor, is also synthesized in vascular 

endothelium. It determines the direction and speed of the hemostasis process. This 

protein, which binds thrombin and removes it from the blood clotting system, 

activates protein C up to a thousand times and forms antithrombotic complexes 

together with anticoagulant proteins VIIIa, C and S to prevent clotting. Thus, 

thrombin, the most active factor of coagulation, is synthesized by the liver and blocked 

by the endothelium through thrombomodulin receptors [22]. 

Death and fibrosis of the liver parenchyma in patients with liver cirrhosis with 

repeated thrombosis or hypercoagulation thrombotic complications (in the portal vein 

system, mesenteric veins, liver veins, veins of limbs, pulmonary embolism); causes the 

development of portopulmonary syndrome (lung endothelial dysfunction, 

microvascular thrombosis in the lungs). Portal vein thrombosis occurs in 0.6–26% of 

patients with liver cirrhosis. The prevalence of portal vein thrombosis increases with 

advancing liver disease [16]. 

Hypercoagulation associated with chronic liver disease can lead to liver parenchymal 

damage and death [5]. In the last ten years, laboratory diagnostics of hemostasis and 

fibrinolysis system in CDLD have undergone significant changes. Standard complex 

tests for the detection of hemostasis disorders lose their diagnostic value in this group 

of patients [4]. The problem of predicting hemorrhagic syndrome in liver cirrhosis 

with the help of modern laboratory tests remains open. There is no standard strategy 

for the treatment and prevention of hemorrhages in CDLD. Randomized controlled 

trials are needed to evaluate laboratory tests in predicting bleeding or thrombosis in 

patients with cirrhosis. 
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