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Abstract Not much time has passed since it was established that the coagulation balance is 

changed towards hypercoagulability in patients with chronic liver disease. The relationship 

between hypercoagulability and fibrogenesis in these patients can also be surprising, but it is 

a clinical reality. Microthrombi produced into intrahepatic vascular tree lead to ischemic 

lesions, followed by parenchymal extinction or hepatocytes collapse and hepatic stellate cells 

activation through a direct thrombin-mediated pathway or preceded by an inflammatory 

response. Hepatic stellate cells are the main effector cells involved in liver fibrogenesis, 

although they are also central regulators of liver immunology. Subsequently, a fibrous tissue 

remodeling occurs. Hepatitis C virus can produce direct endothelial lesions involved in tissue 

factor activation, alteration of fibrinolysis and augmented platelet activity and aggregability. 

The patients with chronic hepatitis C and detectable tissue factor microparticles activity had 

a higher mean liver stiffness score measured by transient elastography. Liver fibrosis 

progresses more rapidly in patients with chronic liver diseases who are carriers of some 

thrombophilic markers. Some of cryptogenic cirrhosis may be due to the presence of 

thrombophilic factors or their association with the blood group type non-O. The relationship 

between hypercoagulability and fibrogenesis provide new potential therapeutic targets. 
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Introduction 

The Rotterdam Study, that included 1055 subjects, 

analysed the relationship between the presence of proth-

rombin G20210A gene variant or factor V Leiden (FVL) 

mutation and the liver stiffness evaluated by transient 

elastography. The authors found that the presence of one  

of those two thrombophilic factors is associated with an 

increased risk of liver fibrosis – observation which is  

an argument for hypercoagulability involvement in hepatic 

fibrogenesis (E.P. PLOMPEN & al [1]). This means that 

some of cryptogenic cirrhosis may be due to the presence 

of thrombophilic factors or their association with the blood 

group type non-O. This combination increases the risk of 

liver fibrosis (E.P. PLOMPEN & al [1]). But thrombophilia 

is not the only prothrombotic factor. Such an increased 

thrombotic risk can be found in patients infected with 

hepatitis C virus, which can produce direct endothelial 

damage (followed by tissue factor activation), alter fibri-

nolysis, and raise platelet aggregation and activation  

(E. GONZÁLEZ-REIMERS & al [2]). Progression of 

chronic hepatitis C to liver cirrhosis is favored not only by 

the presence of factor V Leiden, but also by an increased 

expression of factor VIII and a protein C deficiency. 

How hypercoagulability influence the progression to liver 

cirrhosis? By tissue ischaemia followed by parenchymal 

extinction and direct stellate cell activation through PAR-1 

cleavage – a thrombin-mediated process (Q.M. ANSTEE 

& al [3]). Hepatic stellate cells (HSC) are the main effector 

cells involved in liver fibrogenesis, as they have the 

capacity to transdifferentiate into collagen-producing myo-

fibroblasts. But, their fundamental role is that of central 

regulators of liver immunology, as it was recently esta-

blished. They are a source of some cytokines, chemokines, 

can act as an antigen presenting cell, and have autophagic 

capacity. HSC respond to different immunological 

triggers and transduce signals involved in inflammation  

(R. WEISKIRCHEN & al [4]). The direct activation of  

the coagulation in the early phases of sepsis is well known 

and is due to macrophages, monocytes, and neutrophils, 

which contain tissue factor (K. OKAMOTO & al [5]).  

But inflammation can also activate HSC and contribute to 

liver fibrogenesis. This link between hypercoagulability 

and liver fibrosis offers a therapeutic target to prevent  

the formation or progression of hepatic fibrosis: the anti-

coagulant treatment. 

I performed a literature review studying the articles 

published in the last 5 years and available in PubMed, using 

the following search terms: “coagulation”, “coagulability” 

or “hypercoagulable state” AND “liver fibrosis” or 

“fibrogenesis”, “thrombi” AND “liver fibrosis”, “virus C” 

or “virus B” AND “liver fibrosis”, and “thrombin 

generation” AND “liver”, to synthesize the new knowledge 

in this field. 

 

Coagulation dysfunction in chronic liver 

diseases (Table 1) 
 

Table 1. Coagulation dysfunctions in chronic liver diseases 

Factor Mechanism Ref 

von Willebrand factor increased levels of von Willebrand factor [6] 

tissue factor increased tissue factor activity in circulating microparticles [7] 

endothelial lesions endothelial lesions produced by HCV involved in tissue factor 

activation 

 

[36] 

thrombin-antithrombin complexes increase of thrombin-antithrombin complexes [7] 

leucocyte high leucocyte count [7] 

platelet indices high plateletcrit, platelet distribution width, and mean platelet volume [8] 

platelet activity and aggregability augmented platelet activity and aggregability [36] 

fibrinogen molecule oxidation and hypersialylation of fibrinogen molecule involved in a 

defective conversion of fibrinogen into fibrin 

 

[10] 

fibrinolysis alteration of fibrinolysis [36] 

exposed phosphatidylserine exposed phosphatidylserine present on activated or injured blood and 

endothelial cells favors increased levels of factor Xa and thrombin, and 

higher fibrin formation 

 

 

[12] 

acquired or inherited 

thrombophilia 

increased levels of factor VIII, MTHFR 677TT and or PAI-1 4G-4G or 

MTHFR TT polymorphism, the presence of FII 20210 G/A, factor XIII 

Val34Leu mutation, factor V Leiden or reduced protein C, protein S 

and antithrombin III levels 

 

[13, 14, 15, 

23, 24, 30, 

54, 56, 59] 

thrombomodulin  thrombomodulin resistance was shown in patients with liver cirrhosis [17] 

protein Z the anticoagulant role of protein Z is inadequate in severe cirrhosis [18] 

thrombin a higher thrombin generation present in liver cirrhosis is a predictor for 

portal vein thrombosis 

 

[19] 

the ratio between pro- and anti-

coagulants factors 

the ratio between pro- and anti-coagulant factors is most often 

changed in favor of the former 

 

[32] 

portal microcirculation disorders portal microcirculation disorders can determine thrombin activation [36] 

Legend: HCV: Hepatitis C virus. 
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The patients with chronic liver diseases have increa-

sed levels of von Willebrand factor that counteract defects 

in primary hemostasis (J.L. KUJOVICH [6]). 

The role of tissue factor 

The role of tissue factor in inducing hipercoagulant 

status in liver diseases was underlined in a wild-type 

mice model with bile duct ligation for 12 days. In this 

experimental model, tissue factor activity in circulating 

microparticles, thrombin-antithrombin complexes and 

the number of leucocytes were increased (P.E. RAUTOU 

& al [7]). 

The role of platelet indices 

Increased platelet indices are other factors involved in 

hypercoagulable state present in liver cirrhosis, although 

the patients are frequently thrombocytopenic. It was shown 

that plateletcrit, platelet distribution width, and mean 

platelet volume are higer in patients with portal vein 

thrombosis (I. GÎRLEANU & al [8]). Thrombocytopenia of 

cirrhotic patients is the result of the disrupted balance 

between platelet production and their splenic sequestration 

and destruction and consumption during thrombotic com-

plications (Y. IKURA  & al [9]). It was found a correlation 

between platelet count and number of megakaryocytes, 

spleen weight, and thrombotic events in patients with 

chronic liver disease (Y. IKURA & al [9]).  

The clot formation 

Oxidation and hypersialylation of fibrinogen mole-

cule are described in patients with chronic liver diseases.  

In addition, permeability assays shown a thrombogenic 

nature of thrombus in these patients, which is due to hyper-

sialylation of the fibrinogen molecule, that explains the 

defective conversion of fibrinogen into fibrin (T. LISMAN 

& al [10]). Despite this, clot formation in plasma from  

31 cirrhotic patients was found to be preserved, using the 

thrombodynamics assay, that evaluated the spatial clot 

growth, in agreement with data obtained with thrombin 

generation assay (W. POTZE & al [11]). Exposed phos-

phatidylserine present on activated or injured blood and 

endothelial cells is an important factor involved in 

hypercoagulability of cirrhotic patients. It favors increased 

levels of factor Xa and thrombin, and higher fibrin 

formation. The higher exposed phosphatidylserine on 

blood cells of patients with liver cirrhosis, the higher 

Child-Pugh class of the disease (X. WU & al [12]). 

The role of thrombophilia 

Genetic thrombophilia markers were found in 54%  

of patients with liver cirrhosis, 66% of those with 

hepatocellular carcinoma, and 36% of healthy controls. 

The most frequently found thrombophilia markers in post-

hepatic splanchnic vein thrombosis were MTHFR 677TT 

and PAI-1 4G-4G (L. PASTA & al [13]). Between 100 liver 

cirrhotic patients, those with portal vein thrombosis had 

also more frequently hepatocellular carcinoma, MTHFR 

TT status, and hyperhomocysteinemia. The presence of 

mild hyperhomocysteinemia in liver cirrhotic patients may 

be involved in portal vein thrombosis occurrence. MTHFR 

TT polymorphism may be implicated in the connection 

between hepatocellular carcinoma and portal vein throm-

bosis (P. VENTURA & al [14]). Factor V Leiden is the 

second most frequently found thrombotic risc factor, after 

primary myeloproliferative neoplasms, in patients diagno-

sed with Budd-Chiari syndrome. They can also have more 

thrombotic risk factors, including some thrombophilic 

ones, as a reduced protein C level (S. KARLETI [15]). 

How to explore the coagulation dysfunction? 

The classical coagulation tests do not entirely reflect 

the hemostatic disorder present in these patients and can  

not accurately estimate the risk of bleeding or thrombosis 

(J.L. KUJOVICH [6]). The study of plasma samples from 

40 cirrhotic patients by rotational thromboelastometry 

shown hypocoagulability which was correlated with hepatic 

dysfunction, but the plasma samples from the same patients 

examined with thrombin generation test indicated a poten-

tial for hypercoagulability. Therefore, rotational thrombo-

elastometry may not be adequate for haemostasis estima-

tion in cirrhotic patients (C. LENTSCHENER & al [16]). 

The study of thrombin generation provides the most 

accurate assessment of global coagulation cascade, consi-

dering the action of procoagulant and anticoagulant factors, 

in the same extent, and that of platelets and fibrinolytic 

system (J.L. KUJOVICH [6]).  

The study of thrombin generation in chronic liver 

diseases 

The patients with liver cirrhosis generated a higher 

thrombin quantity after thrombomodulin addition and 

presented thrombomodulin resistance compared to those 

with non-cirrhotic portal vein thrombosis and healthy 

controls. Between hypercoagulability and splanchnic vein 

thrombosis was no correlation (R. CHAIRETI & al [17]). 

Indeed, other authors have also found that the ratio between 

endogenous thrombin potential with thrombomodulin and 

endogenous thrombin potential without thrombomodulin 

was significantly higher compared to control in a study 

made on 158 cirrhotic patients and 59 healthy controls.  

In addition, this ratio was not correlated with liver cirrhosis 

severity. At thrombin generation assays, the ratio between 

the lag time with protein Z and the lag time without protein 

Z and the ratio between peak thrombin with protein Z and 

peak thrombin without protein Z were associated with 

thrombotic complications (S.Y. KIM & al [18]). The anti-

coagulant role of protein Z, that physiologically accelerates 

the inhibitory effect of protein Z-dependent protease 

inhibitor on factor Xa is inadequate in severe cirrhosis 

(S.Y. KIM & al [18]). The augmented thrombin generation, 

explored through its marker – thrombin-antithrombin 

complexes, was associated with higher cirrhosis severity 

and was a predictor for portal vein thrombosis, in a study 

made on 81 patients (G.N. KALAMBOKIS & al [19]). 

The study of thrombin generation is the most useful 

method for the study of balance between pro- and 

anticoagulant factors. The endogenous thrombin potential 

is the most useful parameter and it measures the net amount 

of thrombin that can be generate by the tested plasma  

(A. TRIPODI [20]). Thrombin generation assay with 
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thrombomodulin addition can highlight the presence of 

hypercoagulability in patients with liver cirrhosis, even 

when prothrombin time is long (N. YOUNGWON & al 

[21]). In other words, if International Normalized Ratio in 

patients with liver dysfunction is prolonged, they are not 

“autoanticoagulated”, but rather prone to thrombotic events, 

du to their hypercoagulability (E. SCHADEN & al [22]). 

Changes during chronic liver disease progression 

It is known that thrombosis is favored by hemody-

namic changes (and especially the decrease of portal 

venous flow velocity), endothelial injury and hypercoa-

gulable state of patients with chronic liver disease. 

Hypercoagulability of these patients increases during the 

progression of liver cirrhosis from the class A to C Child-

Pugh. This increase is a consequence of the decrease of 

protein C (W. TANG & al [23] and A. TRIPODI & al [24]), 

protein S and antithrombin III levels, while that of factor 

VIII does not change. Thus, the ratio between the pro- and 

anti-coagulants factors changes in favor of the former. It is 

interesting that this coagulation balance disorder is not 

associated with the presence of portal hypertension, but 

with liver cirrhosis progression (C W. TANG & al [23]).  

It follows that hypercoagulability is mainly the consequence 

of hepatocytes failure. 

Protein S is not only a cofactor for protein C, but also 

of tissue factor pathway inhibitor. Despite an aquired lower 

level of protein S in cirrhotic patients, their levels of tissue 

factor pathway inhibitor were comparable to those of 

healthy controls (W. POTZE & al [25]). This functionally 

impaired mechansim is an other explanation for hypercoa-

gulability of cirrhotic patients. 

Soluble fibrin complexes are a more significant diag-

nostic and prognostic factor of disseminated intravascular 

coagulation in cirrhotic patients, compared to fibrin degra-

dation product or D-dimer, and can help differentiate this 

condition from coagulation dysfunction present in liver 

cirrhosis (S.Y. KIM & al [26]). 
 

Liver fibrosis and fibrogenesis 

Today, liver biopsy is more often replaced with 

noninvasive techniques for liver fibrosis assessing, as  

it is an invasive procedure which offer a nondynamic 

evaluation of the hystopatological aspect, with differences 

of interpretation depending on the observer, and, some-

times, with sampling errors (A. COPPOLA & al [27]).  

It has also contraindications, as in the case of hemophilic 

patients or of those with other congenital bleeding. More 

and more studies use methods as transient elastography, 

magnetic resonance elastography, or acoustic radiation 

force impulse imaging elastography (A. COPPOLA & al 

[27]) to noninvasively quantify the hepatic fibrosis. 

Liver fibrogenesis supposes a dynamic action, with 

possible evolutions towards recovery and remodeling. 

Various stimuli can cause repeated hepatocyte injury, 

followed by inflammatory response and hepatic stelate 

cells (HSC) (also known as Ito cells) activation (R.J. CHEN 

& al [28]). They are the main cell type involved in liver 

fibrogenesis by extracellular matrix components production 

and transdifferentiation in myofibroblasts. New pathways 

involved in hepatic fibrogenesis were recognized: epigenetic 

regulation of Ito cells, peroxisome proliferator-activated 

receptor gamma and leptin mechanisms, autophagy (R.J. 

CHEN & al [28]) and hypercoagulability (R.J. CHEN & al 

[28] and A. AGGARWAL & al [29]).  
 

Thromboses in the portal venous system 

The patients with chronic liver diseases can frequently 

have recurrence of thrombosis in the portal venous system, 

a serious complication that can endanger patients' lives  

(J. TREBICKA & al [30]), or non-portal thrombosis due  

to their hypercoagulable state (A. AGGARWAL & al [29]). 

But microthrombi can appear more often, with conse-

quences on the evolution of chronic liver disease, through 

their relationship with liver fibrogenesis. 

The thrombotic occlusion of portal vein is frequently 

found in chronic liver disease; its prevalence varies 

between 1% and 16% of population (C.R. DEBNATH & al 

[31]). The main risk factor for portal vein thrombosis  

is the presence of progressive chronic liver diseases  

(J. TREBICKA & al [30]) and especially liver cirrhosis 

(C.R. DEBNATH & al [31]), which involves a change of 

the ratio between pro- and anti-coagulant factors, most 

often in favor of the former, and a decrease of portal venous 

blood velocity (M. SCHULTHEIß & al [32]). Other risk 

factors can be: acquired or inherited thrombophilia, 

processes localized to the epigastrium (J. TREBICKA & 

al [30]) and malignant liver or choledocus diseases.  

But idiopathic forms of thrombosis can also be found  

(M. SCHULTHEIß & al [32]). Increased liver resistance in 

cirrhosis is the cause of the deterioration in portal vein 

outflow present in portal vein thrombosis, which is the 

overt manifestation of liver fibrogenesis process, but  

a link between portal vein thrombosis appearance and the 

progression of chronic liver disease was not proved yet 

(F.R. PONZIANI & al [33]). 

Portal vein thrombosis was found in 16.3% of those 

380 consecutive patients subsequently subjected to primary 

orthotopic liver transplantation. Only obesity was found  

to be an independent risk factor for this pretransplant 

complication, which had no influence in the overall 

survival of patients (R. AYALA & al [34]). 
 

Hypercoagulability and liver fibrogenesis 

The hipercoagulable state of patients with chronic 

liver diseases may increase hepatic fibrosis progression  

(F. ABERG & al [35]). 

What is the mechanism by which coagulation is 

involved in liver fibrogenesis? The most often formulated 

hypothesis is the following: microthrombi into the intra-

hepatic vascular tree lead to ischemic changes which favor 

the loss of hepatic tissue (F.R. PONZIANI & al [33]) or 

parenchymal extinction (J. TREBICKA & al [30] and  

E. GONZÁLEZ-REIMERS & al [36]), followed by collapse 
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of hepatocytes (E. GONZÁLEZ-REIMERS & al [36]) and 

fibrotic tissue remodeling [30, (F.R. PONZIANI & al [33]), 

G. PIERI & al [37], I.R. WANLESS & al [38] and I.R. 

WANLESS & al [39]). According to this hypothesis, there 

is a link between coagulation activity and liver fibrogenesis 

(J. TREBICKA & al [30] and F.R. PONZIANI & al [33]). 

What are the consequences of a thrombotic obstruction of 

the portal venous system? Studies show that these patients 

have a higher mortality rate than their MELD score and  

a decreased posttransplant survival (J. TREBICKA & al 

[30], M.J. ENGLESBE & al [40] and A. DOENECKE & al 

[41]), which depends on the extent of the thrombosis  

(J. TREBICKA & al [30] and A. DOENECKE & al [41]). 

A higher thrombotic risk was shown in hepatitis C 

virus (HCV) infected patients. HCV can produce direct 

endothelial lesions, which are involved in tissue factor 

activation, alteration of fibrinolysis and augmented platelet 

activity and aggregability. When the disease caused by 

HCV attains the stage of liver cirrhosis, the portal micro-

circulation disorders can determine thrombin activation, 

increase the platelet aggregability, and thrombi formation, 

which have a high prevalence in intrahepatic portal vein 

system. The high quantity of new-formed thrombin may be 

involved in HSC activation - the main cells responsible for 

liver fibrogenesis (E. GONZÁLEZ-REIMERS & al [36]) 

(Fig. 1). HCV liver cirrhosis has the faster evolution to end-

stage hepatic disease (E. GONZÁLEZ-REIMERS & al [36]). 

Among 865 Caucasian liver cirrhotic patients, 243 

developed portal vein thrombosis during 5 years and 8 

months. But we have to note that 339 from 865 patients 

presented at least one thrombophilic genetic factor; the 

most frequently found factors were PAI-1 4G-4G and 

MTHFR 677TT. Statistical analysis showed that these 

factors could be involved in liver cirrhosis development, 

especially in patients without HCV and HBV, and portal 

vein thrombosis (M. D'AMICO & al [42]). The presence of 

prothrombin 20210 mutation in hepatitis C virus-infected 

patients is able to increase the rate of hepatic fibrosis in 

these patients (N. MAHARSHAK & al [43]). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Liver fibrogenesis in HCV infected patients 
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In a nonhomogeneous group of patients with chronic 
noncirrhotic nontumoral portal vein thrombosis (but 32% 
of them had thrombophilic disorder, 32% presented a 
local factor, and 36% had no evident etiological factor) 
had higher endogenous thrombin potential with thrombo-
modulin, increased levels of some coagulant factors (as 
factor VIIa), and fibrinolysis markers (S. RAFFA & al 
[44]). Further studies are needed to clarify the pathogenetic 
mechanism of thrombosis, if this hypercoagulability was 
also present in the subgroup of patients with idiopathic 
portal vein thrombosis. 

Protease-activated receptor (PAR-2) is present inclu-
ding in HSCs, liver macrophages, and endothelial cells 
and is involved in the connection between coagulation – 
inflammation – liver fibrogenesis. The progression of 
experimental hepatic fibrosis induced by CCl(4) in PAR-2 
knockout mice decreased, as liver collagen gene expres-
sion, and hepatic hydroxyproline quantity. In human beings 
PAR-2 also has profibrogenic actions on HSC: it augments 
the production of collagen and some profibrogenic 
cytokines (as transforming growth factor beta) in vitro 
and in vivo (V. KNIGHT & al [45]). 

Protein C is not only the strongest anticoagulant 

factor, involved in activated factor VIII and V inhibition, 

but it is able to regulate tight junction molecules and 

promote intestinal mucosa healing. Thus, protein C system 

is implicate in intestinal permeability control (S. D’ALESSIO 

& al [46]). If the level of protein C decreases, as in throm-

bophilic patients, intestinal permeability may increase.  

As it is known that endotoxaemia is frequently found in 

cirrhotic patients and is relevant within the pathogenesis of 

their disease (H. LIEHR & al [47]), we can speculate that 

endotoxins might be absorbed in larger amount from the 

intestinal lumen and may contribute to fibrogenesis in 

patients with chronic liver diseases – another possible 

fibrogenetic pathway related to protein C. 
 

Liver sinusoids and fibrogenesis 

Sinusoidal fenestration disappear, vasoconstriction 

and angiogenesis can be found and some molecular 

changes are reported to be induced by hepatic injury. It is 

well known the communication relationship between 

sinusoidal endothelial cells and HSC. Thus, the reduced 

endothelial nitric oxide synthase activity or augmented 

PDGF and TGF-β production is involved in HSC activation 

and migration. Sinusoidal dilatation and liver fibrogenesis 

can also be produced by noninflammatory pathways and be 

associated with the presence of sinusoidal thrombi, as in 

congestive liver disease (T. GREUTER & al [48]). 
 

Coagulation peculiarities in some fibrotic 

liver diseases 

Viral hepatits may be invloved in venous thrombo-

embolism development and especially in portal vein 

thrombosis (A. SQUIZZATO & al [49]).  

Chronic hepatitis C 

The role of hepatitis C virus in the blood clotting is 

underlined by the presence of tissue factor microparticles 

activity in 40% of patients with chronic hepatitis C, 

compared to only 7% of those infected with HIV and 

HCV cleared or 14% in those with HIV / HCV coinfection. 

The patients with detectable tissue factor microparticles 

activity had a higher mean liver stiffness score measured  

by transient elastography (and therefore a more advanced 

liver fibrosis) compared to those without this detectable 

activity (A.C. HODOWANEC & al [50]). This catagory of 

patients had also CD4 + HLADR+ immune activation 

(A.C. HODOWANEC & al [50]), which argue for a 

pathogenetic link between coagulation – immunity – liver 

fibrogenesis. 

Protein C activity was decreased in early liver fibrosis 

stage in patients with chronic hepatitis C. The more severe 

protein C deficiency the more severe liver fibrosis. It is 

believed that protein C can have an imporatnt role in the 

connection between the hypercoagulable state and liver 

fibrogenesis. Not only protein C activity but also anti-

thrombin III was associated with advanced hepatic fibrosis 

in these patients (A. SARAY & al [51]). 

The fibrinolytic pathway is also involved in liver 

fibrogenesis. In a group of 146 patients with chronic 

hepatitis C, mean fibrinolysis-associated soluble urokinase 

plasminogen activator receptor levels were significantly 

higher in F3 and F4 stages of hepatic fibrosis. Thus, this 

marker can differentiate mild/moderate from severe fibrosis, 

and noncirrhotic from cirrhotic disease. Moreover, this 

serum fibrinolysis marker correlated to transient elasto-

graphy, and aspartate aminotranspherase to platelets ratio – 

a noninvasive marker of hepatic fibrosis (M.L. BERRES & 

al [52]). 

Liver fibrosis progresses more rapidly in chronic 

hepatitis C patients who are carriers of the following 

thrombophilic markers: PAI-I -675 5G/4G (mainly the 4G 

allele), FII 20210 G/A (in particular the polymorphic 

marker GA), and FV 1691 G/A (especially the A allele). 

The presence of more of these genes in a patient, the faster 

fibrosis progression rate (E.F. STAROSTINA & al [53]). 

Liver stiffness was measured in 17 patients with chronic 

hepatitis C virus infection and inherited bleeding disorders 

before antiviral treatment and after a median time of  

2.5 years since this treatment. It significantly decreased in 

82% of patients, from a median value of 10.3 to that of  

6.1 kPa. This means that eradication of hepatitis C virus 

would result in a significant decrease in liver fibrosis, even 

if the period of viral infection was long (D.E. FRANSEN 

VAN DE PUTTE & al [54]). 

The presence of factor XIII Val34Leu mutation with 

or without PAI-1 4G/5G mutation was proved to be a risk 

factor for a higher rate of hepatic fibrosis development in 

chronic hepatitis C or B patients (K. DIK & al [55]). 

Patients coinfected with HCV and HIV and with 

higher median levels of proinflammatory markers (IL-6 

and CD14) also had increades hyaluronic acid values –  

a hepatic fibrosis marker, but their coagulation profile 

was not influenced (L. PETERS & al [56]). 

Non-alcoholic fatty liver disease 

Non-alcoholic fatty liver disease (NAFLD) patients 

have an augmented risk of thrombotic events (W. POTZE 

& al [57]). Plasma levels of factor VIII increased while 

those of protein C decreased from the stage of steatosis to 
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that of cirrhosis in patients with NAFLD. This imbalance 

in coagulation state towards hypercoagulation might be 

involved in liver fibrogenesis (A. TRIPODI & al [58]). 

However, there are researchers who found a comparable 

overall hemostatic profile of non-cirrhotic NAFLD patients 

with that of controls. They observed only a decreased clot 

permeability and hypofibrinolysis in NAFLD patients, 

probably due to obesity, which means that their hemostasis 

is hyperactive (W. POTZE & al [57]). Indeed, the presence 

of obesity and metabolic syndrome is involved in the 

change of thrombogenic properties of the fibrin clot in 

NAFLD patients (T. LISMAN & al [10]). 

Thrombophilia in chronic liver diseases 

MTHFR 677TT and PAI-1 4G-4G polymorphisms 

were more frequently found in patients with no viral liver 

cirrhosis, compared to those with viral liver cirrhosis, and 

could be regarded as thrombotic risk factors invloved in 

the rise of inflammatory response and liver fibrogenesis 

(L. PASTA & al [59]). 

Experimental fibrosis model 

In a mice model of fibrin-mediated fibrosis, inducible 

nitric oxide synthase, induced by IFN-gamma, produced 

bile duct hyperplasia and hepatic fibrosis. It was proved 

that fibrin(ogen)-αMβ2 interaction was able to inhibit 

inducible nitric oxide synthase and reduce biliary fibrosis 

(N. JOSHI & al [60]). 

Liver resection or transplant 

Intraoperative practiced thromboelastography shown 

high net clot strength values and short reaction times in 

liver transplant recipients. These two parameters were 

correlated with thrombotic events, but the link between 

them is unclear. The hypercoagulable state was higher 

especially in patients with cholestatic diseases, as primary 

biliary cirrhosis or primary sclerosing cholangitis, but also 

in nonalcoholic steatohepatitis or fulminant liver failure  

(D. KRZANICKI & al [61]). Other authors have also found 

a hypercoagulable condition after liver resections, using 

thrombin generation assay with thrombomodulin addition, 

that may be explained by lower levels of antithrombin, 

protein C, and S, and by higher levels of factor VIII  

(W. POTZE & al [62]). 

 

Conclusions and practical consequences 

The identification of all individual risk factors 

involved in the progression of chronic liver disease is 

required for a personalized treatment aimed to stopp its 

progression and induce its regression, including that of liver 

fibrosis. It is accepted that liver cirrhosis would regress if 

the cause of liver damage was removed. This regression 

would be more likely to be realized if liver cirrhosis occur-

red recently, the regeneration capacity did not disappear 

and vascular thromboses were not present. There are no 

validated markers or scoring sistem to evaluate the possi-

bility of this process, at the moment (P. BEDOSSA [63]).  

Regression of liver fibrosis, and of their hyper-

coagulable state to, can be achieved in patients with chronic 

hepatitis C with an antiviral treatment able to eradicate  

the virus. 

The study of thrombophilic profile of the patient with 

chronic liver disease of known or unknowed etiology can 

contribute to better understand the fibrogenetic pathways 

and choose a more appropriate treatment. If thrombophilic 

profiling is too expensive, it can be replaced by the study 

of thrombin generation, which would also quantify the 

thrombotic risk of each patient, in the future. 

According to the recommendations formulated by the 

Japanese Society of Gastroenterology which revised the 

guidelines for liver cirrhosis in 2015, anticoagulant drugs 

are proposed only for patients with recently appeared or pro-

gressive portal vein thromboses and for those who will be 

subjected to liver transplant (evidence level C, strength 2) 

(H. FUKUI & al [64]). This attitude is justified as the 

presence of portal vein thrombosis in a cirrhotic patient 

favors liver disease decompensation and worses its prog-

nosis (F. ABERG & al [35]). Indeed, anticoagulant therapy 

is indicated in acute portal vein thrombosis and in chronic 

portal vein thrombosis if the patient has a concurrent 

thrombotic risk factor. Several experimental and human 

clinical studies shown that anticoagulant therapy was able 

to decrease the fibrogenesis rate and the disease progres-

sion (F.R. PONZIANI & al [33] and E.P. PLOMPEN & al 

[65]). Thus, some cirrhotic patients could benefit from anti-

coagulant therapy, but there is no guide recommendation  

or contraindicatation for chronic anticoagulant treatment  

in chronic liver diseases, as each recommendation should 

be cautiously made and will account for the risk / benefit 

ratio in each patient. 

Treatment with low molecular weight heparins should 

be done with caution in cirrhotic patients, as they have an 

increased response to these drugs. It was shown that 

endogenous thrombin potential ratio at enoxaparin 0.35 U 

anti-Xa mL was significantly reduced in these patients than 

in controls and the lowering was higher as the disease was 

more advanced, despite their antithrombin and anti-Xa 

diminished activity (M. SENZOLO & al [66]). They also 

require a drug-specific dose adjustments as the anticoa-

gulant potency of various drugs differs. It has been proven 

that rivaroxaban and fondaparinux had a lower anticoa-

gulant effect in cirrhotic patients compared to dabigatran, 

heparin and low molecular weight heparin (W. POTZE & 

al [67]). 

The relationship between hypercoagulability and 

fibrogenesis in chronic liver diseases is a fascinating area 

of research, which is focusing on HSC, with their multiple 

functions (immune regulator, involved in synthesis of 

collagen and extracellular matrix elements and capacity of 

transdifferentiation into myofibroblasts). As the research in 

this area will progress, they will provide new therapeutic 

targets for the scientific world, which could substantially 

improve the results of antifibrotic therapy. The research in 

this field will serve as a model for other diseases in which 

the relationship inflammation – fibrogenesis, or thrombosis 

– inflammation – fibrogenesis is present. 
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