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Motivation for choosing the theme

Increasing investigations in patients with chronic liver disease have made it possible to
diagnose their complications as early as possible.

It has been observed that some thrombotic and hemorrhagic complications are dependent
on the clinical form of chronic liver disease, and most are directly related to the degree of
impaired liver function. The correct recognition and interpretation of clinical and paraclinical
evidence suggesting liver dysfunction contribute to appropriate therapeutic decisions.
Knowledge of these changes is useful both in internal medicine, in the diagnosis of
complications, and in practitioners who treat patients with liver disease.

Chronic liver disease is one of the pathologies we frequently encounter in practice and is
associated with high rates of morbidity and mortality, especially among the active population.
Advanced liver disease is a challenge for the gastroenterologist and internist, being a complex
pathology, with progressive, unfavourable evolution, to irreversible liver failure and death, in
front of which we often witness helplessness in the absence of liver transplantation.

The originality of the study lies in the assessment of imbalances in the mechanisms of
coagulation and hemostasis in patients with chronic liver disease, detected by measuring
thrombin formation in plasma poor in platelets. We correlated the results obtained by
analyzing thrombin generation parameters in patients with chronic liver disease with
ultrasound signs of portal hypertension and liver stiffness, measured with Fibroscan, and
demonstrated the mechanism by which prothrombotic status in chronic liver disease promotes
liver fibrogenesis. Regarding the results, we believe that our study will be useful for medical
practice and for a better understanding of the risk factors involved in the occurrence of

thrombohemorrhagic complications in patients with chronic liver disease.




PART I
FRAMEWORK PRESENTATION
RESEARCH.

CURRENT STATE OF KNOWLEDGE




I.1. COAGULATION DISORDERS IN CHRONIC LIVER DISEASES

I.1.1. General data

The liver is the predominant site for the synthesis of multiple coagulation factors,
although factor VIII is also synthesized extrahepatically. All pro- and antifibrinolytic proteins
are synthesized in the liver by both liver cells and endothelial cells, with subsequent
fibrinolysis damage. In chronic liver diseases, beth the synthesis of procoagulant factors
(fibrinogen, factors VI, VII, IX, X, XI, XII, V, VIII), the procoagulant inhibitors (PAI-1
(plasminogen activator inhibitor-1), a2-antiplasmin) and the synthesis of anticoagulant
factors: antithrombin, protein C, protein S, tissue factor pathway inhibitor (TFPI), and
plasminogen are reduced [1,160,212].

The three major anticoagulant proteins - protein C, protein S and antithrombin - have a
low level in liver cirrhosis, both by decreasing the synthesis and by increasing consumption.
If the thrombotic stimulus is strong, thrombin will form despite the low level of procoagulant
proteins [1,8,160,212]. Both prothrombin and antithrombin are low in liver diseases, but the
plasma concentration of prothrombin is higher and its activation can lead to rapid
consumption of the remaining antithrombin [8,167]. The balance between haemorrhage and
thrombosis becomes precarious as the capacity for protein synthesis is lost, with the
paradoxical tendency of both phenomena, haemorrhage and thrombosis, to occur in liver

failure [1,8,160,163,212].

1.1.3 Coagulation

Regarding end-stage liver disease, another problem is that prothrombin time, expressed as the
International Standard Report (INR), is widely used as a prognostic index to calculate the
MELD score, which is used to give priority to patients proposed for liver transplantation.
However, INR and prothrombin time were used to monitor patients receiving anticoagulant
therapy with vitamin K antagonists (warfarin or acenocoumarol). INR cannot be used in

patients with chronic liver disease outside of a standardization system.




1.1.4 Platelets

Under normal conditions, platelets have a dual function. They adhere to the walls of damaged
vessels through an interaction with the adhesive multimeric protein of von Willebrand factor,
thus promoting the adhesion and, finally, the formation of the primary hemostatic plug.
Platelets also support the generation of thrombin by assembling activated clotting factors on
their surfaces. Thrombocytopenia, a typical feature of chronic liver disease, may be another

cause of bleeding.

I.1.5 Fibrinolysis

Fibrinolysis is the set of reactions that gradually leads to enzymatic lysis of the fibrin
thrombus, with the repermeabilization of the damaged vessel and the resumption of
circulation. The enzymatic key to this process is a blood protein called plasmin, which is

formed from a precursor - the circulating, inactive plasminogen (profibrinolysin).

I.2. PROCOAGULANT IMBALANCE IN CHRONIC LIVER DISEASES

1.2.1 General characteristics

In general, the above observations do not suggest that patients with chronic liver
disease are naturally 'self-anticoagulated', as previously thought. This concept is reinforced by
clinical evidence that these patients are unprotected and may be at increased risk of
thrombosis, especially in the portal venous system, especially in the presence of inherited
prothrombotic mutations [129].

Laboratory signs of a procoagulant imbalance were not found in previous studies
[129,162], but were reported in association with chronic liver disease [22,138]. As mentioned
above, thrombin generation in vivo and in vitro has been regulated by thrombomodulin, which
effectively slows thrombin generation when plasma is added to healthy subjects, but is less
effective when added to plasma in patients with chronic liver disease. This indicates that in
such cases the patient's plasma is partially resistant to thrombomodulin-mediated

anticoagulation.




1.2.2 Clinical implications of procoagulant imbalance

Patients with cirrhosis of the liver under the age of 45 are at higher risk of developing venous
thromboembolism than those without liver disease and prophylactic treatment for venous
thromboembolism should be considered [75,158]. Deep vein thrombosis and pulmonary
embolism occur in cirrhotic patients with an incidence reported by various authors between
0.5% and 2.7% [155,157]. There is also a high incidence of inherited thrombophilic defects in
cirrhotic patients. A thrombophilic genotype is detected by some authors in 69.5% of cirrhotic
patients with portal vein thrombosis [129].

Occult thrombotic phenomena may contribute to the progression of stable liver disease to
decompensated liver atrophy and pulmonary microthrombosis, with the appearance of porto-

pulmonary hypertension [138].

I.2.3 Liver fibrosis

Another consequence of procoagulant imbalance in chronic liver disease is liver
fibrosis and its progression. Currently, two hypotheses are involved in the pathogenesis of this
condition. Both involve coagulation, and these could be synergistic. One hypothesis is
focused on the role of microemboli. Obstructive lesions in the portal vein and hepatic veins
occur frequently in patients with liver cirrhosis, due to the formation of microthrombi leading

to tissue ischemia, cell death and fibrosis by parenchymal extension [23,64, 92].

I. 3. 1. 3. CORRELATION BETWEEN PROTHROMBOTIC STATUS
AND LIVER FIBROGENESIS

1.3.1 General data

In the mechanism of liver tissue repair, stellate liver cells (CHS) are recruited at the site
of the lesion, and the changes they undergo reflect the paracrilin stimulation of all types of
cells (sinus endothelial cells, Kupffer cells, hepatocytes, platelets and leukocytes). Thrombin

converts circulating fibrinogen into fibrin. It helps platelet aggregation, it is a powerful




activator of endothelial cells, it acts as a chemotransmitter for inflammatory cells and it is a
mitogen and chemotransmitter for fibroblasts and vascular smooth muscle cells. Most cellular
effects were caused by thrombin and are mediated by a family of G protein-coupled receptors
called protease-activated receptors (PARs). All known members of the PAR family stimulate
the proliferation / activation of CHS cells [23].

Thrombin receptors are constitutively expressed in the liver, and their expression
increases in parallel with the severity and / or duration of hepatopathy. In humans, studies
have been performed on thrombotic risk factors, and these have been independently
associated with the spread of fibrosis. Some studies have shown that anticoagulants or
antiplatelet agents prevent liver necrosis and fibrosis through their action on CHS. These
drugs could be considered as therapeutic agents in patients with chronic liver disease and
specific studies should be initiated.

Hepatic fibrogenosis is a dynamic process involving complex cellular and molecular
mechanisms. CHS changes reflect paracrine stimulation by all neighboring cell types,
including sinusoidal endothelium, Kupffer cells, hepatocytes, platelets, and leukocytes. [63]

Platelets are the first cells recruited at the site of injury. They play a key role in healing
them, as they limit blood loss by forming aggregates on damaged blood vessels and act as a

platform for fibrinogen formation.

1.3.2 Overview of coagulation cascade and fibrinolysis

Extrinsic coagulation is initiated immediately after tissue injury. The extravascular
tissue factor (FT), which is normally expressed in the tissue and hidden in the plasma,
becomes exposed, initiating the formation of the FT VIla (FVIIa) complex by binding a small
amount of circulating FVIla. It catalyzes the activation of factor X (FX) in FXa. The FT-
FVIla-FXa complex, in combination with activated factor V (FVa), catalyzes the conversion
of prothrombin to thrombin, which in turn converts fibrinogen to fibrin, initiating the
formation of a thrombus. Explosive amplification of coagulation is subsequently
accomplished by an intrinsic coagulation mechanism. Here, thrombin catalyzes the activation

of factors XI, IX, VIII, X.

1.3.4 Coagulation and hepatic fibrosis

Compared to idiopathic pulmonary fibrosis, where the aetiology of the lesion is

unknown, the nature of the lesions leading to hepatocyte damage and hepatic fibrosis is much

10



better defined; this includes hepatitis B or C virus, aberrant lipid metabolism induced by
prolonged alcohol consumption or obesity. Injury to hepatocytes or epithelial cells of the
intrahepatic bile ducts results from overregulation of inflammation and activation of local
mesenchymal populations, stellate liver cells, and periportal fibroblasts. Once activated, both
cell types differentiate into contractile myofibroblasts, capable of maintaining the expression

of proinflammatory and profibrotic mediators and the storage of the extracellular matrix.

Hepatocytes are the major cellular source of Vitamin K, required for gamma
carboxylation, for the synthesis of Vitamin K-dependent coagulation factors, including factors
IL, V, VII, IX and XI [146, 191]. Loss of hepatocytes due to injury, for example in severe liver
cirrhosis, leads to a systemic deficiency of these factors, causing hypocoagulation commonly

described in liver diseases [150,164]

1.3.5 The pro-fibrogenic role of activated thrombin-stimulated liver cells

Thrombin is the major effector protease of the coagulation cascade. Thrombin
generation is triggered when vascular integrity is disrupted and this allows the activation of
plasma coagulation factors by exposing the factor to extravascular tissue. Thrombin converts
circulating fibrinogen to fibrin monomer, which polymerizes to the form of fibrin, the fibrous
matrix of thrombi [159]. Thrombin also works by promoting platelet aggregation, and by
providing positive feedback on a number of coagulation factors to be converted to their active
forms. It is a potent activator of endothelial cells, it acts as a chemotransmitter for
inflammatory cells and it is a mitogen and chemotransmitter for fibroblasts and vascular
smooth muscle cells [207]. Most cellular effects caused by thrombin are mediated by a family

of G-protein receptors, called protease-activated receptors (PARs).

1.3.7 Prothrombotic factors and association with hepatic fibrosis

Leiden factor V and prothrombin G20210A mutations are considered the most common
thrombophilia inherited among Caucasians. Leiden Factor V mutation (R506Q) confers
resistance to activated protein C, which normally inactivates factor Va. The mutation causes a
prothrombotic tendency. The pathophysiology between the G20210A prothrombin variant and
thrombosis is still unclear, but in some subjects, this polymorphism is associated with

elevated prothrombin levels that may promote thrombin generation.
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1.3.9 Intrahepatic vessel microthrombi - possible causes of fibrosis and tissue ischemia

Another potential association between coagulation and fibrogenesis derives from
human histopathology - studies in advanced CLD, which show thrombotic occlusion of small
intrahepatic and sinus synodal veins in cirrhosis. In other words, thrombosis appears to be
related to intimal fibrosis and subsequent vein obstruction. The resulting "parenchymal
extinction" was defined as the irreversible loss of hepatocytes in a region and their
replacement by fibrous tissue; this extinction was considered to be an event from the genesis

and progression of fibrous septa and therefore from the onset of cirrhosis [27].

I.4. THROMBOTIC AND BLEEDING COMPLICATIONS IN PATIENTS
WITH CHRONIC LIVER DISEASES

1.4.1 General notions

Hemorrhagic complications, especially in the gastrointestinal tract, can complicate the clinical
course of cirrhosis of the liver. The liver synthesizes almost all coagulation factors, except
factor VIII, which is synthesized by stellate and endothelial cells [210]. Coagulation factors
are usually in small amounts, which coincides with liver damage, except for factor VIII,
which is increased in quantity [191]. For many years, the reduced synthesis of coagulation
factors has been considered responsible for abnormal laboratory tests that explore global
coagulation activation, such as prothrombin time (PT) and partially activated thromboplastin

(aPTT); they explained the risk of bleeding.

1.4.2. Spontaneous haemorrhages

1.4.2.1 Gastrointestinal bleeding

In patients with advanced liver disease, the most common bleeding is in the
gastrointestinal tract. In most cases, it comes from specific places, such as Esophageal or

gastric varices or ulcers.
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1.4.2.2 Intracerebral haemorrhage

In a study that included 4,515 patients with liver cirrhosis hospitalized in Taiwan, the
occurrence of spontaneous intracerebral haemorrhage was a rare complication (0.8%) and it
was more closely related to the aetiology of the disease (0.3% for viral cirrhosis and 1.8% in
ethanol), rather than to the severity of the liver disease. Indeed, no statistical differences were

observed concerning them in the Child-Pugh score and prolonged PT [86].

1.4.3. Bleeding related to invasive procedures

1.4.3.1. Liver biopsy

Percutaneous liver biopsy is associated with a 0.08-0.7% risk of major intraperitoneal

bleeding, with a general mortality rate secondary to a haemorrhage of 0.01-0.4%.

1.4.3.2. Paracentesis

Paracentesis is a safe procedure with a very low risk of bleeding [83]; common

coagulation tests do not predict the risk of bleeding [118].
1.4.4. Thrombosis in chronic liver diseases

Not all hemostatic changes in patients with liver disease favour bleeding. The increase
in thrombotic risk frequently explains thrombosis in the portal venous system, where patients
with thrombophilia have the highest risk [140, 191,196,209]. In addition, conditions such as
hepatic steatosis, nonalcoholic steatohepatitis and metabolic syndrome are favourable status

for coagulation.

1.4.4.1 Portal vein thrombosis

The thrombotic mechanism appears to be mainly mediated by a decrease in the level
of activated protein C; to this the reduction in the speed of portal blood flow and vascular wall

abnormalities is added. The more severe the liver disease, the lower the levels of natural
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anticoagulants. However, when the confounders are adjusted, the values of natural
anticoagulants do not seem to predict portal vein thrombosis. The only predictor is a reduction
in the rate of portal blood flow [76]. The development of portal vein thrombosis in these
patients is independently associated with reduced C and S proteins and increased D-dimers

[148].

1.4.4.2 Arterial thrombosis

Patients with chronic liver disease may develop atherothrombosis. It is unclear whether there
is an increased risk of coronary heart disease or stroke in these cases.Arterial events such as

hepatic artery obstruction after liver transplantation worsen the prognosis.

1.4.4.3 Peripheral venous thrombosis

Patients with advanced liver disease are not anticoagulants as once thought.
Thrombotic events may occur even when laboratory tests suggest the risk of bleeding. The
increase in the incidence of thrombosis can be explained by longer life and lifestyle changes

caused by a sedentary lifestyle.
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PART II
PERSONAL CONTRIBUTIONS
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INTRODUCTION

The liver plays a central role in hemostasis, as it synthesizes most of the clotting factors
and proteins involved in the fibrinolysis process [112].

Patients with cirrhosis of the liver have pathologically altered secondary haemostasis due
to decreased plasma levels of pro- and anticoagulant factors synthesized in the liver, a clinical
situation associated with an increased risk of haemorrhagic and thrombotic complications.

The study of thrombin generation in patients with cirrhosis of the liver reveals that this
test more accurately assesses the risk of bleeding and thrombosis compared to conventional
tests, as it takes into account both pro- and anticoagulant factors.

The study of the coagulation profile allows both the evaluation of the function of
hepatocytes and the early detection of potential cellular lesions. Prolonged PT / INR and
APTT, which are added to the progression of liver cirrhosis, indicate a functional and
structural deterioration of the liver parenchyma which is associated with the decreased
synthesis of proteins involved in coagulation, which carries a risk of bleeding. Conventional
coagulation tests (prothrombin time - PT, activated partial thromboplastin time - APTT) do
not accurately reflect complex changes in hemostasis in cirrhotic patients. In contrast, the
thrombin generation test can provide more accurate information on the balance between
procoagulant and anticoagulant factors, providing new insights into understanding the
coagulation cascade.

The analyzed bibliographic sources show that the study of thrombin generation aims at the
global evaluation of hemostasis, providing information about the early stages, amplification or

propagation and resolution.

GENERAL OBJECTIVES OF THE RESEARCH

The main objective of this thesis was to analyze the status of coagulation in patients with
chronic liver disease, by investigating the parameters of thrombin generation from poor
plasma into platelets and comparing the values obtained with those of a control group of
healthy subjects.

The secondary objective was to analyze the possible correlation between the degree of

hepatic fibrosis and the level of thrombin generation in patients with chronic liver disease,
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and the study a possible correlation between tests that explore non-invasive hepatic fibrosis

and predict the risk of Esophageal variceal bleeding.

GENERAL RESEARCH METHODOLOGY

To achieve the above objectives, a prospective observational clinical study was
performed, which included all patients with chronic liver disease hospitalized in the
departments of Gastroenterology and Internal Medicine of the Sibiu County Emergency
Clinical Hospital, between January 2016 and March 2018.

The research protocol complies with national and international norms regarding
medical research and was approved by the Ethics Council of the Sibiu County Emergency
Clinical Hospital.

We included in the control group subjects without a history of thrombotic or
hemorrhagic events, symptoms of acute infection or chronic inflammatory disease, without
antiplatelet, anti-inflammatory or anticoagulant treatment.

In both study groups, the preanalytical conditions, as well as the thrombin generation
measurement technique, were identically observed.

For each subject included in the study, the following demographic and clinical data
were noted: age, gender, height, weight, body mass index (BMI), pathological history
(thrombotic and/or diagnosis of thrombophilia, other current conditions), aetiology of chronic
liver disease, Child-Pugh score and grade [95].

Thrombin generation was analyzed from platelet-poor plasma using the
Technothrombin® TGA Reagent Kit (Technoclone, Vienna, Austria) for fully automated
Ceveron® alpha [142]. The acquisition of the necessary materials was financially supported
by "Lucian Blaga" University of Sibiu through the research grant LBUS-IRG-02.2016.

The device determined the following parameters: Lag time (phase) (min), Peak time
(min), Peak thrombin (nM), velocity index or slope (nM/min) and area under the curve or
endogenous thrombin potential (nM/min) [142].

Other blood samples were collected from each patient for haematological tests: plasma
fibrinogen, International Normalized Ratio (INR), Prothrombin Time (PT), Partially
Activated Thromboplastin Time (APTT).

The degree of liver fibrosis was assessed by transient elastography (FibroScan), a non-
invasive method for determining liver tissue elasticity. The result is expressed in kilopascals

and it is the median value of at least 10 measurements,
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STATISTICAL ANALYSIS

e To statistically analyze the resulting data, a database was created in which each subject
included in the study was assigned a unique identification code. The database thus
created was analyzed using SPSS software version 21.0 (SPSS Inc., Chicago, IL, USA)

and various software packages.

e A value of p <0.05 was considered to have statistical significance.

ETHICAL CONSIDERATIONS

The personal research clinical trial was conducted based on a research protocol
developed by national and international requirements in the field of medical research on
human subjects and accordance with the principles set out in the Declaration of Helsinki. The
protocol was approved by the Ethical Council of the Sibiu County Emergency Clinical
Hospital, No. 22524 / 03.10.2016. Subjects selected according to the inclusion and exclusion
criteria presented above were included in the study only after signing the informed consent

(Annex).
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1. THROMBINE GENERATION IN CHRONIC LIVER DISEASES -
PILOT STUDY

1I.1.1 Introduction

Excessive alcohol consumption, obesity (including in children and young people) and
liver virus infections are the main etiological factors of chronic liver disease, which s
represent a public health problem worldwide [152]. The availability of new and effective
treatment options for chronic viral hepatitis [4] and the increasing prevalence of obesity
are, over time, leading to a change in the proportion of major etiologies of chronic liver
disease. Non-alcoholic hepatic steatosis, which is the hepatic manifestation of metabolic
syndrome, is already the leading cause of chronic liver disease worldwide [104] and
cirrhosis is considered to be cryptogenic [4]. The study of thrombin generation can best
estimate whether patients with chronic liver disease have a higher risk of thrombosis or
bleeding [30] and allows a personalized therapeutic approach.

In this study, we decided to analyze thrombin generation in a group of hospitalized
patients with chronic liver disease to estimate their thrombotic or hemorrhagic risk,
depending on the stage and aetiology of the disease. In addition, we analyzed the factors
that may influence the level of thrombin generation and the individual risk of thrombosis
or bleeding in these patients.

The objective of the study

1. The general objective of this study was to analyze the status of coagulation in patients
with chronic liver disease, by investigating the parameters of thrombin generation from
poor plasma into platelets.

2. Determination of plasma thrombin levels in patients with the chronic liver disease

compared to a control group..
I1.1.2. Material and method

We conducted a prospective observational study between January 2017 and March 2018,
which included all patients with chronic liver disease hospitalized in the departments of
Gastroenterology and Internal Medicine of the Sibiu County Emergency Clinical Hospital.
The study was approved by the hospital's Ethics Committee and ensured the confidentiality of

patients' data.
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The following data were analyzed: age, height, weight, body mass index (BMI), possible
thrombotic history or diagnosis of thrombophilia, other current conditions, aetiology of
chronic liver disease, Child-Pugh score and class [95].

The device determined the following parameters: Lag time (phase) (min) (measured from the
time the TGA reagents were added to the first thrombin-generating explosion), Peak time
(min) (the time required to reach the maximum thrombin concentration produced), Peak
thrombin (nM), velocity index or slope (nM/min) and area under the curve or endogenous
thrombin potential (nM/min) (total thrombin concentration generated over time) [141].

Other blood samples were collected from each patient for plasma fibrinogen, International
Normalized Ratio (INR), Prothrombin Time (PT), and Partially Activated Thromboplastin
Time (APTT). The complete blood count was performed with the Sysmex XT2000i analyzer
and coagulation tests with the CA1500 coagulometer.

The data obtained were recorded in Microsoft Excel files, and then statistically processed to
compare the parameters of thrombin generation of patients with chronic liver disease

(depending on diagnosis, Child-Pugh class and aetiology) with those of patients in the control

group.

Statistical analysis

Continuous data are presented using the median and interquartile range. Their normality was
assessed using the Shapiro-Wilk test. Comparisons between groups of independent variables
(two or more) were performed with the Mann - Whitney U nonparametric test and the
Wilcoxon tests. In the case of categorical data, Chi-square and Fischer's exact test was used to
analyze statistical differences between groups. A p value of 0.05 was considered statistically
significant. Statistical analyzes and graphs were performed with SPSS 21.0 software version
(SPSS Inc., Chicago, IL, USA) and using different packages from the R software.ll.1.3.
I1.1.3. Result

Lag time and t Peak are higher in patients with cirrhosis of the liver, with a statistically
significant difference between those in the Child-Pugh B class compared to the control group
(p <0.05). A significant difference was also found in the comparison of ETP (endogenous
thrombin potential) values of patients with liver cirrhosis with control subjects - 1993.80 nM /
min (649.9; 2920.4) compared to 2,620.30 nM / min (467 , 7; 2991.0). The same situation was
encountered in the case of Peak and VI (p.=.0.000) (see Table 3)
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Table no.3.3.3. Median values of thrombin generation parameters (controls and patients)

Chronic Liver Child Child Child Patients Controls
hepatitis  cirrhosis Pugh A Pugh B Pugh C (n=59) (n=62)
(n=19) (n=40) (n=16) (n=19) (n=5)
Lag 3.40 3.80 3.65 4.10 3.60 3.70 3.65
time (2.4;5.0) (2.5;9.3) (2.5;9.3) 3.155.2) (3.3;4.0) (2.4;9.3) (2.6;11.4)
(min) 0.140 0.082 0.714 0.008 0.772 0.528
tPeak 6.80 7.65 7.15 8.40 7.20 7.25 7.15
(min) (4.9;9.0) (5.3;14.6) (5.3;14.6) (6.5;9.9) (6.6;8.5) (4.9;14.6) (5.5;20.7)
0.138 0.080 0.946 0.007 0.862 0.527
Peak 228.20 175.00 217.15 169.70 102.80 193.55 313.30
(nM)  (121.8;440.4) (38.3; (132.9; (38.7; (38.3; (38.3; (31.9;475.0
0.012 371.5) 371.5) 274.1) 116.1) 440.4) )
0.000 0.001 0.000 0.000 0.000
VI 62.00 45.90 61.00 39.90 29.20 52.40 88.40
(nM/ (26.7;175.7) (8.5;123.7)  (27.7;123.7)  (8.7;81.6) (8.5;35.1)  (8.5;175.7) (4.8;164.3)
min) 0.157 0.000 0.056 0.000 0.000 0.000
ETP 2.191.30 1.923.40 2.147.90 1.870.30 1.181.00 1.993.80 2.620.30
(nM/ (1430.1; (649.9; (1657.8; (704.5; (649.9; (649.9; (467.7;
min) 2836.5) 2920.4) 2920.4) 2484.5) 1525.2) 2920.4) 2991.0)
0.000 0.000 0.000 0.000 0.000 0.000

Legenda : Valorile parametrilor sunt reprezentate sub forma de mediand, interval interquartilic si nivel de
semnificatie statistica (p),tPeak=peak time, Peak=peak thrombin, VI=velocity index; ETP= endogenous
thrombin potential

Depending on the aetiology of chronic liver disease, it can be seen that patients with ethanolic
aetiology have a significantly higher Lag time compared to the control group (4 min (2.7; 9.3)
vs. 3.65 min (2.6; 11.4), p <0.05). Thrombin Peak and ETP were significantly lower in all
etiologies compared to the control group (p <0.05). VI was significantly lower in C, ethanolic

and mixed aetiology hepatopathies compared to control subjects (p <0.05).
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I1.1.4. Discussions

The present study reveals that most of the values of the parameters investigating thrombin
generation were significantly lower in patients with chronic hepatitis compared to controls;
similar results were found in patients with cirrhosis compared to the control group.

In addition, significantly lower values were found in cirrhotic patients compared to patients
with chronic hepatitis. In other words, thrombin generation decreases as hepatopathy
progresses.

The results of our study showed that the Lag phase and t Peak are high, and ETP, Peak and VI
had much lower values in liver cirrhosis compared to the control group. The interpretation of
the five parameters of thrombin generation in our study identifies a hypocoagulable status in
patients with chronic liver disease. Arguments for hypocoagulable status in cirrhotic patients
include: the presence of hypofibrinogenemia (but the molecule has procoagulant properties),
decreased clot formation, and stability observed in some studies using viscoelastic testing,
discontinuation of fibrin polymerization (delayed), and greater fibrin [16].

In our study, the value of ETP was significantly lower in patients with cirrhosis of the liver
compared to the control group. A decreasing trend of ETP was observed with the increase of
the Child-Pugh Score, but it is significant only when the Child-Pugh Classes are compared to
each other (A to C). Decreased thrombin generation parameters as liver disease severity
increases may indicate a slight decrease in procoagulant potential, which may be offset by an
increase in thrombin generation rate.

Low ETP and high Peak were the results of another study by Zermatten et al. [213] In a
prospective monocentric study, including 260 patients with liver cirrhosis, an attempt was
made to measure thrombin generation using the ST Genesia Thrombin Generation System
with and without the addition of thrombomodulin (TM). Without TM, the values of the ETP
and Peak parameters were similar to those of the control group. These parameters have a
decreasing tendency with increasing severity of cirrhosis, depending on the Child-Pugh score.
In this study, they demonstrated that patients with cirrhosis of the liver have an increasing

prothrombotic profile, correlating with altered biomarkers of liver dysfunction [214].

This study has several limitations. Firstly, the number of study subjects was relatively small,
especially those with Child-Pugh C-class liver cirrhosis, due to the fact that this is a pilot and
monocentric study, and the results should be analyzed in larger groups of patients. Secondly,
the age of patients with chronic liver disease was higher than that of healthy controls.

However, it has been shown in dedicated studies that within the general population, age does
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not have a large impact on thrombin generation. In addition, in patients with cirrhosis of the
liver, this effect is even smaller because the changes produced by liver cirrhosis on the
coagulation cascade, disrupt the effect that age has on the plasma levels of coagulation factors
[100]. Thirdly, our study was performed without the addition of thrombomodulin, according
to Lisman's study [75], this is not an appropriate way to assess the coagulation status of
patients with cirrhosis of the liver. Fourthly, there were insufficient data to establish the
smoking status in both the study group and the control group, knowing that smoking can
influence platelet aggregation.

II.1.5. Conclusions

1. In the current study, the time required to start thrombin generation and to reach the
maximum thrombin concentration produced (reflected in the Lag time and t Peak
parameters) had significantly higher values in patients with hepatic cirrhosis class Child
Pugh B compared to the control group. (p <0.05).

2. Plasma samples collected from patients with chronic liver diseases of ethanolic
aetiology showed a significantly higher Lag time compared to those in the control group
(p <0.05).

3. The values of Peak, VI and ETP parameters in plasma samples from patients with
chronic liver disease of all etiologies were significantly lower than in the control group
(p <0.05).

4. In our study, the plasma of patients with chronic liver disease generates less thrombin
compared to the control group. In cirrhotic patients, thrombin generation decreases along
with the increase of the severity of liver cirrhosis (significantly lower in Child-Pugh C
than A). However, given the variability in thrombin generation in patients with chronic
liver disease, its dosage could be used to identify those at high risk of bleeding or

thrombosis and to establish their personalized treatment.
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I1.2. STUDY OF THE CORRELATION BETWEEN THROMBINE
GENERATION AND HEMOLEUCHOGRAM PARAMETERS,
CLASSICAL EXPORING COAGULATION TESTS AND
BIOCHEMICAL TESTS

I1.2.1. The current state of knowledge

Patients with chronic liver disease may experience substantial changes in the hemostatic
system, as the liver is responsible for the synthesis of all factors involved in homeostasis.
Conventional coagulation test values, such as prothrombin time (PT) and activated partial
thromboplastin time (APTT), are prolonged in patients with cirrhosis of the liver, suggesting a
tendency to bleed. However, PT and APTT are only sensitive to changes in procoagulant
factors, reflecting only the abnormalities of pro-coagulating proteins in liver cirrhosis, and
provide little information on anticoagulant factors, including antithrombin and protein
pathway C proteins. This has led to the concept of rebalanced hemostasis used to explain the
complexity of coagulation profiles in patients with chronic liver disease [115, 112, 184].
Although a hemostatic balance is reached in liver cirrhosis, it is more fragile and can easily
tilt to a hypo- or hypercoagulant status; however, conventional coagulation tests are not
suitable for assessing the coagulation profile in these patients [208].
Objectives of the study

¢ The main objective of this study is to investigate the relationship between biomarkers of

liver dysfunction and thrombin generation
e The secondary endpoint is the assessment of thrombotic or haemorrhagic risk in

patients with chronic liver disease.
II. 2.2. Material and method

We conducted a prospective observational study between January 2017 and March 2018,
which included all patients with chronic liver disease in the gastroenterology and internal
medicine departments of the Sibiu County Emergency Clinical Hospital. The study was
approved by the hospital's Ethics Committee and ensured the confidentiality of patients' data.

A blood sample was collected from each control subject and patient in 4.5 ml CTAD glass
tubes (citrate-theophylline-adenosine-dipyridamole Vacutainers®, Beckton Dickinson),

containing 3.2% 0.109M sodium citrate. Thrombin generation was performed from platelet-
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poor plasma using the Technothrombin® TGA reagent kit (Technoclon, Vienna, Austria) for
Ceveron® alpha - a fully automated apparatus [142].

The device determined the following parameters: lag phase (phase) (min), peak time (min),
peak thrombin (nM), velocity index or slope (nM/min) and area under the curve or
endogenous thrombin potential (nM) [142 ].

Other blood samples were collected from each patient to determine platelet counts (average
platelet volume, platelet distribution width, platelet count), erythrocyte sedimentation rate
(ESR), plasma fibrinogen (Fibr.), International Standard Report (INR), prothrombin time
(PT), partially activated thromboplastin time (APTT), blood glucose, total bilirubin, serum
alkaline phosphatase (SAP), gamma-glutamyl transpeptidase (GGT), alanine aminotransferase
(ALT), total aspartate aminotransferase serum (AST), total proteins (Prot T), albumin and
gamma-globulins, total plasma cholesterol (Col), HDL-plasma cholesterol, plasma

triglycerides (TGL), serum creatinine and urea.

Statistical analysis

Statistical analysis was performed with SPSS version 20 and graphics were generated using R
software. Data normality was assessed using the Shapiro-Wilk test. Continuous data are
presented as mean and standard deviation, minimum, maximum, median and interquartile
range (IQR). Comparisons between two independent groups were performed using the Mann-
Whitney test, while for three independent groups the Kruskall-Wallis test was used. A p value
<0.05 was considered statistically significant.

11.2.3. Result

The results obtained in the study of the correlation between the parameters of the
hemoleukogram and those of thrombin generation: Ht correlates directly with Peak (rho =
0.377, p = 0.003) and with VI (tho = 0.293, p = 0.024). A direct correlation also exists
between thrombocytocrit and parameters: Peak (rtho = 0.521, p = 0.000), VI (rho = 0.509, p =
0.000) and ETP (rho = 0.463, p = 0.000) (Table no.2.3.5) .

In our study the number of platelets correlates directly with the parameters: Peak (rho =
0.509, p = 0.000), VI (rho = 0.504, p = 0.000) and with ETP (rho = 0.460, p = 0.000, Figure
no.2.3. 1).
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Figure no. 2.3.1. Correlation between platelets and thrombin generation parameters

Platelets

Peak(nM) VI(nMImin) AUC(nM)

The results obtained in the study of the correlation between the conventional tests of

coagulation and those of thrombin generation are presented in Table no. 2.3.6.

Our study highlighted the following correlations between biochemical analyzes and
thrombin generation parameters: AST correlates inversely with parameter VI (rho = -0.276, p
= 0.034). Bt correlates directly with the parameters Lag phase (rho = 0.300, p = 0.021) and
tPeak (rho = 0.400, p = 0.002) and correlates inversely with the parameters: Peak (rho = -
0.571, p = 0.000), VI (tho = -0.607, p = 0.000), and ETP (rho = -0.643, p = 0.000). Bd
correlates inversely with the parameters: Peak (rho = -0.722, p = 0.000), VI (rtho =-0.722, p =
0.000), and ETP (rho = -0.760, p = 0.000). FAS correlates directly with the parameters: Lag
phase (rho = 0.348, p = 0.007) and tPeak (rho = 0.414, p = 0.001) and vice versa with the
parameter VI (rho =-0.325, p = 0.012, Figure No. 2.3.3).
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Figure no.2.3.3. The correlation between biochemical tests and thrombin generation
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11.2.4. Discussions

In the current study we observed a direct correlation between Ht and Peak parameters (rho =
0.377, p = 0.003) and VI (rho = 0.293, p = 0.024). PLT correlates directly with the
parameters: Peak (rho = 0.509, p = 0.000), VI (rho = 0.504, p = 0.000) and ETP (rho = 0.460,
p = 0.000). There is also a direct correlation between thrombocytocrit and parameters: Peak
(rtho = 0.521, p = 0.000), VI (rho = 0.509, p = 0.000) and ETP (rho = 0.463, p = 0.000). The
results we obtained are consistent with those discovered by Tripodi et al. [185]; they point out

that platelet counts in patients with cirrhosis of the liver may play a key role in thrombin
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generation and possibly in the tendency to bleed. Thrombin generation may be normal in the
plasma of people with cirrhosis of the liver and this may warrant platelet transfusion or
recombinant human thrombopoietin treatment in those patients with severe thrombocytopenia,
when they bleed spontaneously, before undergoing surgery or a liver biopsy. Platelets have
phospholipid surfaces that complete the generation of thrombin in plasma. The study by
Tripodi concluded that severe thrombocytopenia may limit thrombin generation in patients
with cirrhosis of the liver [185].

Thus, in addition to a reduction in the number of circulating platelets, it was found that there
was a functional defect in platelets. Impaired platelet function may be the result of a storage
defect, transmembrane signal transduction, low arachidonic acid required for thromboxane A2
membrane production, and decreased platelet receptor function as a consequence of plasma
proteolysis. In addition, the abnormal presence of high-density lipoproteins and low
hematocrit [19, 108] may affect platelet function in vivo. Finally, the increased production of
two important inhibitors of platelets derived from endothelium (nitric oxide and prostacyclin)
may contribute to the poor activation of platelets in vivo [114].

We observed in our study that APTT correlates directly with the parameters Lag phase and
tPeak and correlates inversely with the parameters Peak, VI and ETP; PT correlates directly
with Lag phase and tPeak parameters and correlates inversely with Peak, VI and ETP
parameters.

We observed a direct correlation between plasma fibrinogen and the parameters: Peak, VI and
ETP. According to data obtained by Siddiqui et al., They found a significant correlation
between decreased plasma fibrinogen levels and gastrointestinal bleeding in patients with
cirrhosis of the liver. Hypofibrinogenemia, which is commonly seen in patients with advanced
liver cirrhosis, increases the risk of bleeding, as fibrinogen serves both as a precursor to fibrin
and as a mediator of platelet aggregation [14]. The risk of bleeding is especially important
when the fibrinogen level is below 1 g/ L [28].

Another direct correlation that we observed was between Bt and the parameters Lag phase
and tPeak and its inverse correlation with the parameters: Peak, VI, and ETP. According to
studies, the relationship between total bilirubin and prothrombotic profile can be seen, which
is probably related to the severity of liver dysfunction. However, some published data support
a direct association between bilirubin and hypercoagulant status [20, 78].

An inverse correlation was also noted between the parameters of Lag phase thrombin

generation (rho = -0.382, p = 0.003,) and tPeak (rho = -0.395, p = 0.002) and albumin.
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Albuminemia was also directly correlated with Peak (rho = 0.339, p = 0.010) and VI (rtho =
0.323, p = 0.014). As in our study, Zermatten G.M et al. [214] described an inverse
correlation between serum albumin and prothrombotic hemostatic profile in patients with liver
cirrhosis. Various studies have shown that high INR, low serum albumin and high bilirubin
are risk factors involved in the development of portal vein thrombosis [9,18].

In our study we observed that HDL-col correlates directly with the parameters: Peak (rho =
0.455, p = 0.033), VI (tho = 0.480, p = 0.024) and ETP (rho = 0.522, p = 0.013). In a
retrospective study that included 117 patients with cirrhosis of the liver and non-malignant
portal vein thrombosis, Gao B. et al. [66] have tried to demonstrate a possible correlation
between the lipid profile (triglycerides, cholesterol, HDL-C and LDL-C) and liver function,
and whether these correlations may be useful in predicting mortality 1 year after the diagnosis

of liver cirrhosis with thrombosis of the non-malignant portal vein.

II.2.5. Conclusions

1. We observed a direct correlation, with statistical significance, between platelets
and thrombin generation parameters (Peak, VI, ETP); this is explained by the
involvement of platelets in the pathogenesis of hemostasis in chronic liver diseases,
by their quantitative and qualitative changes.

2. Diagnostic, prognostic and evolutionary biomarkers used in chronic liver diseases
(platelets, hematocrit, INR, APTT, Bt, Bd, Albuminemia and gammaglobulinemia)
are significantly correlated with thrombin generation parameters. As a result, they can
also be used to identify the risk of these patients developing the bleeding
complications induced by the investigated liver pathology; they can be used to

calculate bleeding risk scores in patients with chronic liver disease.
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I1.3. STUDY OF THE CORRELATION BETWEEN THROMBINE
GENERATION AND LIVER FIBROSIS

I1.3.1. Current state of knowledge

In the liver tissue repair mechanism, stellar liver cells (CHS) are recruited at the site of injury,
and the changes they undergo reflect paracrine stimulation by all cell types (sinusoidal
endothelial cells, Kupffer cells, hepatocytes, platelets), and platelets.

Thrombin converts fibrinogen to fibrin, platelet aggregation, it is an intense stimulator of
endothelial cells, it acts as a chemotactic factor for inflammatory and fibroblast cells, and it is
mitogenic for vascular smooth muscle cells. The cellular effects of thrombin are mediated by
coupled G protein-coupled receptors called protease-activated receptors (PARs). All known
members of the PAR family stimulate the proliferation/activation of stellate liver cells [23].
Liver fibrogenesis is a dynamic process involving complex cellular and molecular
mechanisms, leading to chronic activation of liver tissue repair mechanisms. One of the first
steps in tissue repair is to recruit inflammatory cells in order to neutralize possible infections
and remove necrotic tissue. At this stage of the process, stellate liver cells (CHS), as well as
other cells in the extracellular matrix (eg, fibroblasts and myofibroblasts), are recruited at the
site of injury and undergo an activation process, leading to a phenotype characterized by
increased proliferative properties, motility and contractility [153]. Changes in stellate liver
cells reflect paracrine stimulation by all neighbouring cell types, including sinusoidal

endothelium, Kupffer cells, hepatocytes, platelets, and leukocytes [63].

Objectives of the study

e Analysis of a possible correlation between the degree of liver fibrosis and thrombin
generation in patients with chronic liver disease.
e Study of a possible correlation between tests that explore non-invasive liver fibrosis and

the prediction of the risk of bleeding oesophageall varices.
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11.32.Material and method

We conducted a prospective observational pilot study between January 2017 and March 2018,
which included all patients with chronic international liver disease in the gastroenterology and
internal medicine sections of the Sibiu County Emergency Clinical Hospital.

All subjects agreed to participate and signed the informed consent (World Medical
Association Code of Ethics, Helsinki Declaration). The study was approved by the hospital's
Ethics Committee which ensures the patient's personal data confidentiality.

* Delay time (phase) (min), Peak thrombin (nM), Peak time (min), Speed index and Area
under the curve (AUC) (nM). The Ceveron® alpha automatic analyzer has four measurement
channels with TGT fluorometric module consisting of UV LED (365nm) for excitation and a
photodiode for measuring the emitted signal, placed in the cuvette rotor (thermostat),
according to the study by Olteanu et al. [141,142].

The degree of liver fibrosis was assessed by transient elastography (FibroScan), after non-
invasive to determine the elasticity of liver tissue. This is a quick, painless, sedation-free
solution. This technique uses a special probe to generate vibration waves of 50 Hz frequency
and 2 mm amplitude. The result is expressed in kilopascals and is the median value of at least
10 measurements.

All patients with liver cirrhosis were examined by upper gastrointestinal endoscopy to assess
the degree of oesophagal varices using the EVIS EXERA 3 Flexible Video Gastroscope
(Olympus Japan). Esophageal varices were classified according to their size.

Statistical analysis

The statistical analysis of the recorded clinical and paraclinical data, and the presented
graphics were performed using the SPSS program, version 20 and the R software. The
distribution of numerical data was evaluated using Shapiro-Wilk. Numerical data are
presented as mean + standard deviation, minimum and maximum value, median and
interquartile range (IQR). Comparisons between two groups of data were performed for
independent tests, while three independent groups were used for the Kruskall-Wallis test. A p

value <0.05 was considered statistically significant.

11.3.3. Results

In this study, we can observe the parameters of thrombin generation depending on the stages

of liver fibrosis (Table no. 3.3.1) as well as the fact that the Peak parameter is significantly
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higher in those with F3 (median 295.5, IQR: 203.30-341.20) compared to those who have a
more advanced degree of fibrosis - F4 (median 175, IQR: 132.90-228.10; p <0.05); also AUC
and VI (the latter is close to statistical significance) are higher in those with F3, compared to

those with F4 (p <0.05) (Figure no.3.3.1).

Table no.3.3.1. Thrombin generation parameters depend on the liver fibrosis stages

F2 F3 F4 P
Lag phase = 3,05+0,49 3,42+0,94 4,02+1,03 0.098
(min) (2,70;3,40) (2,40;5,00) (2,60;9,30)
3,05 3,70 3,80
(2,70;3,40) (2,50;4,10) (3,40;4,30)
tPeak(min) @ 6,00+1,13 7,02+1,49 7,83+1,52 0.105
(5,20;6,80) (4,90;9,00) (5,30;14,60)
6,00 6,90 7,55
(5,20;6,80) (5,50;8,20) (7,00;8,50)
Peak(nM) 256,15+69,65 278,11£103,32 179,44+71,53 0.022
(206,90;305,40) (121,80;440,40) (38,30;371,50)
256,15 295,50 175,00
(206,90;305,40) (203,30;341,20) (132,90;228,10)
VI(nM/min) 72,65+16,90 87,33+49,64 51,314£26,54 0.053
(60,70;84,60) (26,70;175,70) (8,50;123,70)
72,65 85,60 45,95
(60,70;84,60) (47,50;122,20) (33,40;65,00)

AUC(M) 2279,05+586,69  2334,49+409,33 1878,95+487,72  0.044
(1864,20;2693,90)  (1650,20;2836,50)  (649,90;2920,40)
2279,05 2427,90 1974,30
(1864,20;2693,90)  (2191,30;2669,70)  (1613,40;2236,00)

Caption: * Quantitative variables are expressed as mean + standard deviation, median (interquartile range);
tPeak = peak time, Peak = peak thrombin, VI = velocity index; AUC = area under the curve, F2 = Stage 2
fibrosis, F3 = Stage 3 fibrosis, F4 = Stage 4 fibrosis

Regarding the classification according to diagnosis: chronic hepatitis (F2 + F3) and
liver cirrhosis (F4), we can observe that Lag phase is significantly higher in those with F4
(median 3.80, IQR: 3.40 - 4.30), compared to those in the F2 + F3 group (median 3.40, IQR:
2.50 - 4.10, p <0.05), while VI is significantly lower in those with F4 (median 45.95, IQR:
33.40 - 65.00) than those with F2 + F3 (median 84.60, IQR: 47.50 - 122.20, p <0.05). AUC is
also lower in those with F4 fibrosis (median 1974.40, IQR: 1613.40 - 2236.00) than in those
with F2 + F3 (median 2427.20, IQR: 1864.20 - 2693.90; p <0.05).

Thus, the Forns index is inversely correlated with the parameters: Peak (rho = -0, 508,
p =0.000;), VI (rtho =-0.501, p = 0.000;), AUC (rho =-0.466, p = 0.000;).

We also studied the possible correlation between another non-invasive marker of liver
fibrosis and thrombin generation parameters: the AST / ALT ratio. The AST / ALT ratio
correlates directly with Lag phase (rho = 0.383, p = 0.003), tPeak (rho = 0.360, p = 0.005) and
vice versa with Peak (rho =-0.283, p = 0.032).
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The non-invasive diagnosis of liver fibrosis remains a challenge in today’s medicine, so
the APRI score was developed to diagnose severe fibrosis and liver cirrhosis in chronic liver
diseases. The correlation between the APRI score and the thrombin generation parameters is
highlighted. The APRI score correlates inversely with the parameter Peak (roh = -0.423, p =
0.001), VI (roh =-0.482, p = 0.000) and AUC (roh =-0.501, p = 0.000).

Another non-invasive index for which we tried to highlight a possible correlation with
thrombin generation parameters is the spleen's platelet score / long axis.

Platelet score / long spleen axis correlates inversely with tPeak (rho =-0.418, p = 0.000)
and directly with the parameter Peak (rho = 0.564, p = 000), VI (rho = 0.532, p = 0.000) and
AUC (rho =0.505, p =0.000).

An evolution towards chronicity - chronic hepatitis, liver cirrhosis and finally the
appearance of hepatocellular carcinoma - can occur over the years. The existence of a possible
correlation between the rate of progression of liver fibrosis and the parameters of thrombin
generation tried to analyze in our study.

The rate of progression of liver fibrosis is inversely correlated with the parameters: Lag
phase (rho = -0.324, p = 0.030) and tPeak (rho = -0.384, p = 0.009) and directly with the
parameters: Peak (rho = 0.460, p=0.001 ) and VI (rho = 0.417, p = 0.004).

The Forns index correlates directly with the degree of VE (rho = 0.303, p = 0.021) and
with the long axis of the spleen (rho = 0.584, p = 0.000). The AST / ALT ratio correlates
directly with the degree of esophageal varices (tho = 0.381, p = 0.003), with the long axis of
the spleen (rho = 0.381, p = 0.003) and with the diameter of the portal vein (rho = 0.361, p =
0.006). Platelet / spleen long axis score correlates inversely with VE degree (tho = - 0.255, p
= 0.053), spleen long axis (tho =-0.515, p = 0.000) and portal vein diameter (rho = - 0.366 , p
=0.011).

The long axis of the spleen correlates directly with the parameters Lag phase (r = 0.323,
p = 0.013) and tPeak (r = 0.371, p = 0.004) and correlates inversely with the parameters Peak
(r = -0.359, p = 0.006) and VI (r = -0.331, p = 0.011). The same direct correlations were
between VP diameter and Lag phase parameters (r = 0.369, p = 0.004) and tPeak (r = 0.387, p
= 0.003); respectively inverse correlations with the parameters Peak (r = -0.403, p = 0.002)
and VI (r = -0.363, p = 0.005), (Figure no 3.3.10). There were no correlations between

thrombin generation parameters and the degree of esophageal varices.
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I1.3.4. Discussions

In this study, we found that there are significant differences in thrombin generation depending
on the degree of liver fibrosis. Patients with a higher degree of liver fibrosis had a
significantly higher Lag phase parameter, while Peak, VI and AUC parameters were
significantly lower in patients with F4 fibrosis compared to those in the F3 group; this
assumes that thrombin generation decreases not only as chronic liver disease and liver fibrosis
progress but also as Child-Pugh (in patients with cirrhosis of the liver) increases.

The results of our study are similar to those of Dillon MB et al [48] who conducted a study
that included 61 patients with compensated liver cirrhosis. They studied the characterization
of thrombin generation in patients with Child A class cirrhosis of the liver and observed that
the coagulation parameters change on the evolution of liver cirrhosis.

In our study, ETP was significantly lower in patients with F4 fibrosis compared to those with
F3; the same results were obtained by Brodard J. et al. [17] in a study of 78 patients with
chronic liver disease (ACLD), where they looked at whether the parameters of thrombin
generation correlated with liver stiffness].

The Forns index was inversely correlated with Peak, VI, ETP, and the APRI score was
indirectly correlated with Peak, VI, and ETP parameters. The main reason for the decrease in
thrombin generation with the progression of chronic liver disease is the deficiency of
coagulation factors, supported by prolonged INR, PT and aPTT values. We note that only 5
patients with cirrhosis of the liver were in the Child-Pugh C class, which could influence our
study.

The rate of progression of liver fibrosis was inversely correlated with the parameters: Lag
phase and tPeak and directly with the parameters: Peak and VI. In other words, the more
active the fibrogenesis, the higher the latency phase in thrombin generation and the higher the
value of the Peak t parameters.

11.3.5. Conclusions

1. In our study we found that thrombin generation decreases with the progression of
liver fibrosis (thrombin generation parameters were significantly lower in patients
with F4 fibrosis compared to those with F3).

2. Thrombin generation decreases as estimated liver fibrosis by noninvasive tests
(excluding platelet count / long spleen axis) increases. Thus, the Forns index is
inversely correlated with the parameters: Peak, VI, and AUC; the AST / ALT ratio

correlates directly with Lag phase and tPeak and vice versa with Peak; the APRI score
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correlates inversely with the Peak, VI and AUC parameter and the platelet/spleen long
axis score correlates inversely with tPeak and directly with the Peak, VI and AUC
parameters.

3. Indices of non-invasive assessment of liver fibrosis can be calculated at no
additional cost and can contribute to improving the medical management of children
with chronic liver disease, by limiting liver puncture-biopsy and endoscopic
examinations in at-risk studies, or hospitals where upper digestive endoscopy is not

medically available.

I1.4. RISK FACTORS REGARDING THROMBOTIC AND

BLEEDING COMPLICATIONS IN CHRONIC LIVER DISEASES

I1.4.1. Current state of knowledge

Patients with chronic liver disease are at increased risk for both thrombotic and
hemorrhagic complications. In chronic hepatopathies, multiple pathophysiological
changes occur because at the hepatic level the coagulating factors, the anticoagulants,
and the proteins involved in fibrinolysis and thrombopoietin with a role in platelet
production are synthesized [107,109,186]. Hepatic dysfunction leads to an imbalance
in the coagulation process [107,109,186]. Hemostatic imbalance can be slightly
inclined to a hypo- or hypercoagulable status, which explains both the occurrence of
hemorrhagic and thrombotic complications [6,111,138]. However, bleeding
complications are possible in patients with cirrhosis of the liver, unrelated to
haemostatic imbalance, but rather the consequence of portal hypertension or
mechanical damage to blood vessels (in variceal bleeding and damage to blood vessels
during invasive procedures). Another explanation may be the association of septic
conditions, nutritional deficiencies and other comorbidities, which lead to endothelial
dysfunction and metabolic impairment, which can lead to disruption of hemostatic and
coagulation responses. Factors associated with an increased risk of thrombosis
mentioned in the literature include high values of factor VIII (FVIII) and von
Willebrand factor (VWF) and low values of protein C, protein S, and antithrombin III
[181].
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The objectives of the study: To identify the risk factors that lead to thrombotic and
hemorrhagic complications in patients with chronic liver diseases hospitalized in Southern

Transylvania.

11.4.2. Material and method:

The study is retrospective and is based on the analysis of the electronic database of the
Sibiu County Emergency Clinical Hospital. This was made available to us by the
hospital's statistical service.

The available data from this source are as follow: name, age, gender, address, biochemical
analysis, paraclinical investigations, diagnosis, treatment performed, and medical
indications. The study was performed for 3 years, between 1.01.2016 and 31.12.2018 and
focused on the data of patients who were admitted to the Gastroenterology, Medical I and
IT Sections of the Sibiu County Emergency Clinical Hospital.

1396 patients with chronic liver disease (chronic hepatitis and liver cirrhosis of various
etiologies and hepatocellular carcinoma) were included in the study, of which 398 patients
with chronic liver disease with thrombotic and/or haemorrhagic complications and a
control group of 998 consecutive patients with liver disease uncomplicated chronic. The
diagnosis of chronic hepatopathy was established based on clinical evidence (laboratory
tests and imaging investigations), and thrombotic and hemorrhagic complications were
highlighted by abdominal ultrasonography, abdominal computed tomography, and upper

digestive endoscopy.

Statistical analysis

Continuous data were presented using the median and interquartile range and their
normality was assessed using the Shapiro-Wilk test. Comparisons between groups of
independent variables (two or more) were performed with the Mann - Whitney U
nonparametric test and the Wilcoxon tests. In the case of categorical data, Chi-square and the
Fischer test were used to analyze statistical differences between groups. A p value of 0.05 was
considered statistically significant. The regression tree method (CHAID algorithm - Chi-
squared Automatic Interaction Detector) was used to identify predictive factors for the study
group (compared to the control group). Statistical analyzes and figures were performed using

SPSS 21.0 software version (SPSS Inc., Chicago, IL, USA).
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11.4.3. Results

The analysis was performed using decision trees (CHAID model), included as predictive
variables, which discriminate between the two groups (study vs. control), and the following
characteristics (in order of importance): patients in the study group had Ht values smaller
compared to those in the control group. Thus, in node 1 of the tree, half of the patients with Ht
values <= 27% are from the study group. It can also be seen that the number of patients in the
study group is decreasing as Ht values increase; in node 2, the Ht values are in the range (27%
- 33.8%) we have - witness 67.7% vs. study 32.3% of cases; in node 3, the Ht values are in the
range (33.8% - 36.10%) we have - witness 79.7% vs. study 20.3% of cases in node 4, where
Ht values are higher than 36.10% we have - control 88.6% vs. study 11.4%. Among patients
with Ht <= 27%, those in the study group had AST values> 67 U / L (those in the study group
70.3% vs. those in the control group 29.7%). Also, some of the patients in the study group had
FAS values <=75 U /L (Ht> 27% and Hb <=9 g/ dL and FAS <=75 U/ L: study 59.1% vs.
control 40.9% compared to Ht> 27% and Hb <= 9g / dL and FAS> 75U / L: study 33% vs.
control 67%).

11.4.5. Conclusions

1. The most common etiologies of liver diseases were ethanolic - 51.5% (N = 205) and viral -

18.34% (N = 73).

2. Risk factors for the development of thrombotic and hemorrhagic complications, according
to the decision trees * (CHAID model), in our study, were (in order of statistical significance):

Ht <27%, AST> 67 U / L, Hb <= 9 mg / dL, FAS <= 75.
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Original elements of the thesis

* It is the first study in the country and in our geographical area in which, using studies of

thrombin-poor plasma thrombocytes, thrombotic and hemorrhagic complications were

evaluated in patients with chronic liver disease.

» Statistically significant correlations were obtained between thrombin generation parameters
and blood cell count parameters, classical tests that explore coagulation and biochemical tests

in patients with chronic liver disease.

« Statistically significant results were also obtained from the study of possible correlations
between thrombin generation parameters in patients with hepatopathy and hepatic stiffness
measured using Fibroscan and estimation of liver fibrosis using noninvasive tests (Forns

Index, AST / ALT, APRI and Thrombocytosis). ). / long axis of the spleen).

* The importance of noninvasive tests (Forns Index, AST / ALT, APRI and thrombocytes /

long spleen) in identifying and assessing the severity of oesophagal varices was highlighted.

* It is the first study that tried to identify and characterize the risk factors involved in the
occurrence of thrombotic and hemorrhagic complications in patients with chronic liver

disease in Southern Transylvania.

* This paper will be the starting point for future scientific research
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GENERALS CONCLUSIONS

The study group constituted according to the inclusion and exclusion criteria formulated
in the clinical research protocol, included several 59 subjects with chronic hepatopathies,
uniformly distributed according to gender [29 men (49.15%) and 30 women (50.85%),
p> 0.05].

Their distribution according to diagnosis was as follows: chronic hepatitis of various
etiologies 32% (N = 19) and liver cirrhosis 68% (N = 40) of the selected subjects.

The analysis of the recorded data shows that the plasma of patients with chronic liver
disease generates less thrombin compared to the control group. In cirrhotic patients,
thrombin generation decreases with increasing severity of liver cirrhosis (significantly
lower in Child-Pugh C than A). Decreased thrombin generation parameters with
increasing severity of liver disease argue for decreased procoagulant potential.

Due to the relatively large variability in thrombin generation in patients with chronic
liver disease, its dosage could serve as a biomarker for identifying individual
haemorrhagic or thrombotic risk; It can also be a useful tool for adapting therapeutic
behaviour to the particularities of each patient and for establishing the evolutionary
prognosis of the disease.

Thrombin generation is also influenced by the aetiology of hepatopathy; patients with
hepatopathies of C, ethanolic and mixed viral aetiology had a significantly lower value
of the Velocity Index parameter than the control group.

There is a statistically significant direct correlation between Ht, PLT and thrombin
generation parameters; quantitative and qualitative changes in PLT support their
involvement in the pathogenesis of hemostasis in chronic liver diseases.

Direct correlations, statistically significant, were also observed after comparing
conventional coagulation exploration tests with thrombin generation parameters.
However, in liver cirrhosis, conventional coagulation exposure tests are sensitive only to
changes induced by abnormalities in the synthesis of coagulation factors and provide
little information about anticoagulant factors; therefore, the thrombin generation test is
much more useful because it also explores pro- and anticoagulant factors.

Statistically significant correlations were also observed between biomarkers of liver
dysfunction and thrombin generation parameters; thus, total bilirubinemia and serum
alkaline phosphatase are directly correlated with Lag phase and tPeak parameters; this

information requires future studies to understand a possible pathogenetic implication.
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The parameters of thrombin generation Peak, VI and ETP are inversely correlated with
the following biochemical tests: AST, serum alkaline phosphatase, total bilirubinemia,
Bd, albuminemia and serum cholesterolemia. The relationship between total bilirubin
and prothrombotic profile could be justified due to the relationship between total
bilirubin and the severity of liver dysfunction encountered in liver cirrhosis; and the
relationship between serum albumin values and procoagulant status in patients with liver
cirrhosis could be based not only on its relationship to the severity of liver cirrhosis but
also on the role of albumin in the direct pathophysiology of haemostasis.

Thrombin generation decreases with progression of liver fibrosis (thrombin generation
parameters were significantly lower in patients with F4 fibrosis compared to those in F3
subjects).

There are statistically significant correlations between non-invasive tests for estimating
liver fibrosis (Forns index, APRI score, AST/ALT, platelet count/spleen long axis score)
and thrombin generation parameters.

Statistically significant correlations were also found between non-invasive tests for liver
fibrosis and the degree of oesophagal varices, the long axis of the spleen and the
diameter of the portal vein in the hilum.

The long axis of the spleen correlates directly with the parameters Lag phase and tPeak
and vice versa with the parameters Peak and V1. The same direct correlations were
between the VP diameter and the Lag phase and tPeak parameters; VP was inversely
correlated with Peak and VI parameters.

Changes in thrombin generation in association with the degree of liver fibrosis during
the course of liver cirrhosis may be considered as clinical markers of the transition from
compensated to decompensated liver cirrhosis.

Significantly statistically correlations were identified between liver cirrhosis severity
scores (MELD, Child Pugh Class) and liver fibrosis progression rate and thrombin
generation parameters; the progression of liver cirrhosis, the lower the parameters of
thrombin generation; as the rate of progression of liver fibrosis gets higher (the more
intense the fibrogenesis), the thrombin generation (reflected in the higher values of Peak,
VI and AUC) increases and decreases the latency period until the onset of the process
thrombin generation and the maximum value is generated (expressed by Lag phase and t
Peak).

Using constantly performed biological tests to monitor and diagnose chronic liver

disease, indications for non-invasive assessment of liver fibrosis can be made without
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the need for additional costs and can improve the medical management of patients with
chronic liver disease by limiting endoscopic examination in patients considered at risk,
or in hospitals where upper digestive endoscopy is not within easy medical reach.
Serological markers can be used as a tool to identify patients with cirrhosis of the liver in
whom the clinical risk of complications of esophageal varices is obvious.

Another study aimed to identify the risk factors involved in the occurrence of thrombotic
and hemorrhagic complications; the evaluated target population included 398 patients
with chronic liver disease [60.71% (N = 241) men and 39.29% (N = 156) women];

The share of patients with chronic liver disease with thrombotic and hemorrhagic
complications from urban areas [65.58% (N = 261)] was higher compared to people
from rural areas [34.42% (N = 137).))], probably their greater addressability to medical
services.

The mortality due to hemorrhagic complications of the patients included in the study was
22.66%; deaths were recorded both in the case of those in critical condition and in the
group of those hemodynamically stable.

Patients with chronic liver disease and thrombotic complications had a higher
percentage of ascites (51.46%), while hemorrhagic complications were more frequently
associated with the presence of grade III esophageal varices (92.63%).

Following the analysis of ultrasound parameters, patients with thrombotic and
hemorrhagic complications had a significantly longer spleen long axis (p = 0.026),
compared to the other two study groups.

The values of AST, ALT, GGT and Bd are significantly higher in the whole group of
patients than in the control group; this attests to the progression of liver disease, from
compensated to decompensated disease.

The risk factors for the development of thrombotic and haemorrhagic complications,
according to the decision trees ~ (CHAID model), in order of statistical significance,
were: Ht <27%, AST>67U /L, Hb <=9 mg/dL, FAS<=75U/L.

Diagnostic, prognostic and evolutionary biomarkers used in chronic liver diseases
(platelets, hematocrit, INR, APTT, Bt, Bd, Albuminemia and gammaglobulinemia) are
significantly correlated with thrombin generation parameters. As a result, they can also
be used to identify the risk of these patients developing bleeding complications induced
by the investigated liver pathology; they can also be used to calculate bleeding risk

scores in patients with chronic liver disease.
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26. Diagnostic, prognostic and evolutionary biomarkers used in chronic liver diseases
(platelets, hematocrit, INR, APTT, Bt, Bd, Albuminemia and gammaglobulinemia) are
significantly correlated with thrombin generation parameters. As a result, they can also
be used to identify the risk of these patients developing the bleeding complications
induced by the investigated liver pathology; they can also be used to calculate bleeding

risk scores in patients with chronic liver disease.
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