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Haemostatic alterations in liver diseases
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Abstract

Background - The liver is the major site of synthesis for all the clotting factors. The concentrations of these factors, especially factor V has
been demonstrated to fall proportionately to the increasing severity of the disease. Liver disease also leads to vitamin K deficiency, mainly
by the decreased absorption from the gut due to the reduced bile salts secretion from the liver. The physiology of the hemostatic system is
closely linked to liver function because the liver parenchymal cells produce most of the factors of clotting and fibrinolytic systems and
because the liver regulates the activation or inhibition of both systems.

Objectives - The present study is designed to assess the values of various haemostatic parameters in liver disease. The parameters studied are
Platelet counts, Prothrombin time (PT), Activated partial thromboplastin time (APTT), Thrombin time (TT), and fibrinogen level.

Results and Conclusions - On comparing the mean prothrombin time, activated partial thromboplastin time (APTT), thrombin time, and
mean fibrinogen level in cases of liver disease with that in the controls, it was found to be significantly (p<0.001) increased in liver disease.
The mean platelet count observed in liver diseases was significantly decreased than in controls.
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1. Introduction

The physiology of the hemostatic system is closely linked to liver function because the liver parenchymal cells produce most of the
factors of clotting and fibrinolytic systems and because the liver regulates the activation or inhibition of both systems. Professor Eberhard F.
Mammen greatly contributed to the understanding of the relationship between hemostatic abnormalities and liver diseases.® A disturbed liver
parenchymal cell function adversely impacts the hemostatic system, the extent of which correlates with the degree of disease.

The liver is the major site of synthesis for all the clotting factors. The concentrations of these factors, especially factor V, has been
demonstrated to fall proportionately to the increasing severity of the disease.? Liver disease also leads to vitamin K deficiency, mainly by the
decreased absorption from the gut due to the reduced bile salts secretion from the liver.® Prothrombin time (PT), which measures these vitamin K
dependent factors, has been well recognised as an accurate predictor of liver damage and likelihood of progression to end stage liver failure. It
has thus been incorporated into the commonly used prognostic indices of chronic liver disease such as the Child—Pugh or Mayo End-Stage Liver
Disease (MELD) scores.”

The reticuloendothelial system (RES) of the liver greatly participates in the clearance of breakdown products of activated clotting
factors sgjch as fibrin-related products, thrombin-antithrombin complex (TAT), plasmin-plasmin- inhibitor complex (PPIC), and activated
platelets.

Thus, a variety of haemostatic abnormalities can occur in patients with severe liver disease, including impaired synthesis of clotting
factors, excessive fibrinolysis, DIC, thrombocytopenia, and platelet dysfunction. The haemostatic abnormalities in liver disease also predispose to
hypercoagulable state °

The routinely practised tests in coagulation laboratories i.e. prothrombin time (PT), activated partial thromboplastin time (APTT) and
thrombin time (TT) which measure impairment in extrinsic, intrinsic and common pathways of coagulation respectively have shown significant
alterations in liver diseases.” Similarly the level of fibrinogen in circulating blood is also altered in liver disease.® However, some studies have
suggested that conventional tests of the clotting cascade such as the PT and APTT correlate poorly with procedure-related bleeding in patients
with cirrhosis.’

The present study is therefore designed to assess the values of various haemostatic parameters like prothrombin time (PT), activated
partial thromboplastin time (APTT) and thrombin time (TT), fibrinogen level and platelet counts in liver disease like acute and chronic liver
diseases and primary hepatic malignancies.

2. Material and Methods
The present study is a prospective observational study carried out in the haematology division of the Department of Pathology, over a
period from January 2010 to July 2011.
The material for the study was obtained from the patients of liver diseases admitted in the hospital wards or attending the o utpatient
departments. Study — Consisted of cases and controls
The inclusion criteria were the cases with diagnosed liver disease except those which were specifically excluded because of the below
mentioned exclusion criteria:
All primary (Genetic) and secondary conditions that lead to hypercoagulable states were excluded. The relevant secondary
hypercoagulable conditions that are excluded from the study are
i. High risk for thrombosis — Prolonged bed rest or immobilization, Myocardial Infarction, Atrial fibrillation
ii. Low risk for thrombosis- Cardiomyopathy, Nephrotic syndrome, Hyperestrogenic states (pregnancy), Oral contraceptive use, Sickle
cell anaemia
ili. Extrahepatic malignancies with hepatic metastasis (secondary conditions that may lead to hypercoagulable states)
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The selected cases for study were categorised as under —
1. With acute liver disease or acute hepatitis
2. With Chronic liver disease including
a. Chronic hepatitis
b. Cirrhosis of liver
3. Primary hepatic malignancy
“Controls” comprised of age and sex matched healthy individuals
The informed consent of the patient was obtained prior to the collection of blood. The study obtained the ethical clearances from the
ethical committee.
The amount of anticoagulant (3.2% tri-sodium citrate) and blood sample were maintained to give 1:9 ratio and the desired amount of
blood was collected to get 5 ml anticoagulated blood sample; This blood sample was immediately centrifuged at 3000 rpm (approximately 2000
g) for 15 minutes and the supernatant plasma was transferred to a clean polystyrene tube. This plasma sample was used for studying Prothrombin
time (PT), Activated partial thromboplastin time (APTT), Thrombin time (TT) and Fibrinogen levels. The tests were carried out within 3 hrs of
collection of blood sample. The control blood samples were collected from healthy individuals in 3.2 % ftri-sodium citrate with ratio of
anticoagulant and blood as 1:9 and were processed similarly, Additional 2 ml blood sample was collected in EDTA anticoagulant and was
processed for complete blood count on Beckman coulter make automated blood cell counter.
Statistical analysis of patients with liver diseases (acute, chronic and primary hepatic malignancies) with that of controls without any
liver disease was done. The mean values along with standard deviations of all the included parameters and predictive values (p values) were
computed using 2x2 tables (EPI 6).

3. Results

In the present study we have assessed the haemostatic alterations in liver diseases in 96 patients comprised of 90 males and 6 females.
Similarly 70 age and sex matched healthy individuals were included in the study as controls. The platelet count was done using three part
Beckman coulter make automated blood cell counter. As shown in Table I, the ‘platelet count” of the cases of liver diseases and controls were

Table I: Showing platelet counts in cases of liver disease and in controls

. . Platelet count x 10%/L
Sr. No Diagnosis Total Cases Range Mean £SD
| Cases
1 Acute liver diseases 19 45-490 | 269.31x143.52
2 Chronic Liver diseases 74 47-608 182.1+104.67
i Alcoholic Cirrhosis 62 47-608 | 188.17£106.32
ii Non- alcoholic cirrhosis 12 55-390 150.75+£93.47
3 Primary Hepatocellular carcinoma 3 229-297 | 271.33+36.93
Total Cases 96 45-608 | 202.15+117.11
1 Controls 70 187-441 | 303.78+59.16

On comparing the mean platelet count in cases of liver disease with that in the controls, it was found to be significantly decreased in
liver diseases (p<0.001).

In the subgroups of liver diseases, the mean platelet count in acute liver disease (269.31+143.52 x10°%L) and in hepatocellular
carcinoma (271.33+36.93 x10%L) were found to be comparable with that in the controls (303.78+59.16x10%L). However statistically, the
decrease in platelet count in both acute and chronic liver diseases were found to be significant (p=0.04 and p<0.001).

In the present study PT, APTT, TT and fibrinogen levels were calculated using semi-automated coagulometer of Behnk German
make. As shown in Table II, the ‘prothrombin time (PT) and activated partial thromboplastin time (APTT)’ of the cases of liver diseases
and controls were -

Table Il — Showing results of Prothrombin time (PT) test and Activated partial thromboplastin time (APTT) test in cases of liver disease
and in controls

R Activated partial
ilz Diagnosis gg::; Prothr?;nénelgozgr:e (PT) thromboplastin time
(APTT) in seconds

| Cases 19 Range Mean +SD Range Mean +SD
1 Acute liver diseases 13.4-43.8 22.10+8.42 315-52.8 39.73+5.65
Chronic Liver diseases 74 13.1-41.0 21.44+8.16 32.0-68.7 39.15+8.3
2 i Alcoholic Cirrhosis 62 13.1-40.5 21.23+7.62 32.0-68.7 39.33+8.44
ii Non-alcoholic Cirrhosis 12 14.2-41.0 22.51+10.89 32.2-60.5 38.19+7.91
3 Primary Hepatocellular carcinoma 3 13.5-60.3 29.13+26.99 33.1-85.3 50.7+29.87
Total 96 13.1-60.3 21.81+9.04 315-85.3 39.6519.04
1 Controls 70 12.5-13.2 13.02+0.22 30.0-30.2 30.16+0.04

On comparing the mean prothrombin time in cases of liver disease with that in the controls, it was found to be significantly
(p<0.001) increased in liver disease. When the mean prothrombin time in subgroups of liver diseases were compared with that in the controls, the
increase in prothrombin time in acute liver disease was more than that in chronic liver disease and both values as compared to the controls were
statistically significant (p=0.04, p<0.001).

On comparing the mean activated partial thromboplastin time (APTT) in cases of liver disease with that in the controls, it was
found to be significantly increased in liver disease (p<0.001). When the mean APTT in subgroups of liver diseases were compared with that in
the controls, the increase in APTT in both acute liver disease (39.73+5.65 seconds) and in chronic liver disease (39.15+8.3 seconds) were
statistically significant (p=0.04 and p<0.001) whereas it was not in primary hepatic malignancy.

As shown in Table I1IL, the ‘thrombin time (TT) and fibrinogen level’ of the cases of liver diseases and controls were -
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Table 111 - Showing results of Thrombin time (TT) test and Fibrinogen level assay in cases of liver diseases and in controls

Thrombin Time inseconds | Fibrinogen levelin mg/dI

sr.No Diagnosis Total Cases Range Mean+SD Range Mean+SD
| Cases
1| Acute liver diseases 19 8.6-26.3 16.55+3.86 30-320 | 113.15+64.18
2 | Chronic Liver diseases 74 8.1-36.5 15.34+4.72 30-530 | 175.17+96.57
i Alcoholic Cirrhosis 62 8.1-36.5 15.30+4.80 30-530 | 176.45+100.3
ii Non- alcoholic = Cirrhosis 12 10.8-20.2 15.58+4.49 60-320 | 168.58+77.76
3 Primary Hepatocellular carcinoma 3 155-234 18.36+4.37 30-90 60+30
Total cases 96 8.1-23.4 15.68+4.56 30-530 | 159.32+94.34
1 Controls 70 10-10.2 10.11+0.08 180-350 | 249.07+48.29

On comparing the mean thrombin time in cases of liver diseases with that in the controls, it was found to be significantly increased in
cases of liver disease (p<0.001). When the thrombin time in subgroups of liver diseases were compared with that in the controls, the increased
thrombin time was found to be significant in both acute liver disease (16.55+3.86 seconds), and in chronic liver disease (15.34+4.72 seconds)
however in hepatocellular carcinoma (18.36+4.37 seconds) the findings were statistically insignificant.

The normal range of “fibrinogen’ in healthy individuals is 150-400 mg/d|.

Although the present study observed the mean fibrinogen level in both cases and controls within normal range, it was found much
lower in cases of liver disease than in controls as shown in Table I11.

The difference of mean fibrinogen level in cases of liver diseases as compared to that in the controls was found to be statistically
significant (p<0.001).

In the present study, the mean fibrinogen level observed in subgroups of liver diseases were 113.15+64.18 mg/dl, 175.17+96.57 mg/dI
and 60+30 mg/dl inacute liver disease, chronic liver disease and hepatic malignancy respectively. On comparing these values in the subgroups of
liver diseases with that in the controls, maximum decrease of fibrinogen level was in hepatic malignancy followed by that in acute liver diseases,
whereas the decrease in fibrinogen level was less in chronic liver diseases. Statistically these findings in all the three subgroups of liver diseases
when compared with controls were found to be significant (p<0.001 in each).

4. Discussion
In the present study total 96 cases of liver diseases were studied for platelet counts, basic or first line screening tests of hemostasis
[Prothrombin time (PT), Activated Partial Thromboplastin Time (APTT). Thrombin Time (TT)], and fibrinogen level assay to find out the
abnormalities in these tests associated with liver diseases. Seventy age and sex matched healthy individuals were also studied similarly as
controls.
Present study observed the mean ‘Platelet count’ in liver diseases was significantly decreased as compared to that in the controls.
The thrombocytopenia in liver diseases is explained by different mechanisms as under —
1. Increased splenic sequestration as a result of congestive splenomegaly related to portal hypertension. ™
2. 1I?ecreased production of platelets in alcoholic cirrhosis due to folic acid deficiency or due to toxic effects of ethanol on megakaryopoiesis.

3. Due to decreased thrombopoietin production by cirrhotic liver.™
4. Antiplatelet autoimmunity plays a role. Circulating B cells producing platelet associated and circulating anti Gplib-llla antibodies are
detected in cirrhosis of liver."
5. Bone marrow suppression by virus or interferon based antiviral treatment may play a role.®
The prothrombin time is commonly increased in liver diseases because liver is unable to manufacture adequate amount of clotting
factors including those involved in extrinsic pathway.Out of factors I, V, VII and X, prothrombin time is crucially dependent on factor VILIt is
the rate limiting factor in extrinsic pathway and thus has the greatest influence on prothrombin time. Factor VII has shortest half life (6 hrs) and
its fall is associated with bad prognosis.”
The APTT is a simple test of coagulation. It is a measure of factors involved in intrinsic pathway (Prekallikrein, HMWK and factors
Xll, X, IX and VIII) and in the common pathway (factors X, V, Prothrombin and fibrinogen). It is more sensitive to the deficiencies of factor
VIII and IX than to deficiencies of factor X1 or XII or factors involved in common pathway. Itis also used to monitor heparin anticoagulation. It
yields abnormal results, if the plasma level of any of the essential factor is <15-30% of the normal value. In liver diseases, prolongation of APTT
is because of impaired synthesis of factors 1X, XI, XI1 and fibrin stabilizing factor by the diseased liver.
Thrombin time test is a measure of the rate at which fibrin forms. It yields abnormal results when the fibrinogen level is <70-100 mg/dl
and is unaffected by the levels of any of the other coagulation factors.
The increased thrombin time in liver diseases is because of —
i. Defective aggregation of fibrin monomers into a polymer® and
ii. It strongly correlates with increased sialic acid content in Bp and y chains of fibrinogen molecule™

Fibrinogen is a glycoprotein synthesized by liver and by megakaryocytes. Liver diseases alter not only the level of circulating fibrinogen
but also make it functionally abnormal. In 50% cases of advanced cirrhosis and nearly 100% cases of fulminant hepatic failure, the structure of
fibrinogen is abnormal although the levels of fibrinogen may be normal. Abnormalities in fibrinogen structure may impair fibrin polymerization
and clot formation despite its normal level™,

The functional abnormalities of fibrinogen are due to —
i Increaselgi antithrombin activity in the plasma because of fibrinogen/fibrin degradation products whose clearance by the diseased liver is
delayed
ii. Dysfibrinogenemia due to abnormal fibrinogen synthesis by damaged liver in cirrhosis® and aggressive chronic hepatitis and in
hepatocellular carcinoma®

The structural abnormalities in fibrinogen are because of —

(@) Increase insialic acid content in B and y chains of fibrinogen molecule.

(b) Analteration of the glucide fraction with elevation of sialic acid content®.

These structural changes result in slow fibrin formation, giving rise to functional dysfibrinogenemia and abnormalities in fibrinogen level®;
thus, the fibrinogen level can be normal, decreased or increased in liver diseases.
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5. Conclusions

» Thrombocytopenia with mild to moderate decrease in platelet count is frequently seen.

» The values of baseline screening tests i.e. PT, APTT and TT are increased in liver diseases.

» Fibrinogen level may be decreased, normal or even increased in liver diseases.

» PTand APTT are inadequate to reflect the balance of coagulation as occur in vivo. Therefore alternative tests mimicking more closely
what occurs in vivo like platelet function analysers, thrombin generation test and thromboelastography should be developed and
investigated.
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