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Importance of anticoagulant proteins in chronic liver
diseases
Kronik karaci¤er hastal›klar›nda antikoagülan faktörlerin önemi
ﬁebnem GÜRSOY1, Mevlüt BAﬁKOL1, Edip TORUN1, Alper YURC‹1, Iﬂ›n SOYUER2, Bülent ESER3,
Kadri GÜVEN1, Ömer ÖZBAKIR1, Mehmet YÜCESOY1
Departments of 1Gastroenterology, 2Pathology and 3Hematology, Erciyes University School of Medicine, Kayseri

Background/aims: This study was conducted to elucidate the
importance of anticoagulant proteins in chronic liver disease
and their possible role as markers in determining the severity of
the liver disease. Methods: This study was conducted on 35 patients with cirrhosis, 15 patients with chronic active hepatitis
and 10 healthy controls. Coagulation inhibitor proteins such as
protein C, protein S and antithrombin, as well as D-dimer level
and thrombin time, which reflect fibrin degradation products,
were measured. Cirrhotic patients were categorized as Child A,
B and C and chronic active hepatitis patients as mild or moderate activity according to the modified Knodell histopathologic
classification. The parameters were compared between patient
groups and healthy controls. Results: In comparison with controls, the cirrhotics had significantly decreased protein C, protein S, antithrombin levels and increased D-dimer levels. The
Child B and Child C patients differed significantly with respect
to protein C and antithrombin levels only. In the chronic active
hepatitis patients, protein S, protein C and fibrinogen were
within normal limits, whereas antithrombin was low.
Conclusions: In chronic active hepatitis, the antithrombin level may be used as an early marker of hepatocellular damage.
In cirrhotics, protein C and antithrombin may be useful for assessment of hepatocellular damage, whereas D-dimer may be
important for the transition to decompensation.

Amaç: Kronik karaci¤er hastal›¤›nda antikoagülan proteinlerin önemini ayd›nlatmak ve karaci¤er hastal›¤›n›n derecesini
belirlemede bir gösterge olarak kullan›l›p kullan›lamayacaklar›n› tespit etmek amac›yla çal›ﬂmam›z› planlad›k. Yöntem: 35
karaci¤er sirozlu, 15 kronik aktif hepatitli hasta ve 10 sa¤l›kl›
gönüllü çal›ﬂ›ld›. Hastalarda ve gönüllülerde protein C, protein
S, antitrombin gibi do¤al koagülasyon inhibitör proteinleri, fibrin y›k›m ürünlerini yans›tan D-dimer düzeyi ve trombin zaman›na bak›ld›. Sirozlu hastalar Child-Pugh s›n›flamas›na göre
Child A, B ve C olarak, kronik aktif hepatitli hastalar ise modifiye Knodell histopatolojik s›n›fland›rmaya göre hafif ve orta
olarak grupland›r›ld›. Bak›lan parametreler gruplar aras›nda
birbirleriyle ve kontrol grubunun sonuçlar› ile karﬂ›laﬂt›r›ld›.
Bulgular: Kontrol grubu ile karﬂ›laﬂt›r›ld›¤›nda, sirozlu hastalarda protein C, protein S, antitrombin düzeyleri istatistiksel
olarak anlaml› ﬂekilde düﬂük, D-dimer düzeyleri yüksek bulundu. Child B ve C gruplar› aras›nda ise sadece protein C ve antitrombin düzeylerinde istatistiksel olarak anlaml› fark vard›.
kronik aktif hepatitli hastalarda protein S, protein C ve fibrinojen düzeyleri normalken, antitrombin düﬂük de¤erlerde tespit
edildi. Sonuç: Kronik aktif hepatitli hastalarda antitrombin
düzeyleri hepatosellüler hasar›n derecesinin erken dönemde tespit edilmesinde bir belirteç olarak kullan›labilir. Sirozlu hastalarda ise hepatosellüler hasar›n de¤erlendirilmesinde protein C
ve antitrombin yan›s›ra özellikle sirozlu hastalarda dekompanze döneme geçiﬂ aç›s›ndan D-dimer önemli bir gösterge olabilir.
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INTRODUCTION
Chronic active hepatitis and the consequent cirrhosis are severe hepatic parenchymal diseases
with potentially life-threatening complications.
The acute and chronic inflammation in the liver is
associated with a bleeding diathesis due to deficiency in the synthesis of coagulation factors as well
as a procoagulant state due to the defects in the
synthesis of anticoagulant factors by the liver.

End-stage cirrhosis is frequently associated with
clinical findings of bleeding tendency. The degree
and the clinical significance of the decrease in anticoagulant factors due to liver parenchymal damage are currently unclear.
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In this study, the levels of coagulation factors as
well as anticoagulant factors such as protein C
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(PC), protein S (PS) and antithrombin (AT)
synthesized in the liver were investigated in patients with chronic liver disease. The objectives were to elucidate the significance of anticoagulant
proteins in chronic liver disease and to determine
whether they can be used as markers of hepatic
parenchymal damage.
MATERIALS AND METHODS
After approval of the Ethics Committee of Erciyes
University, School of Medicine, this study was
conducted involving 50 patients with hepatic parenchymal damage and 10 healthy subjects who
attended hospital for a check-up.
The medical histories of the patients and the healthy controls were taken and physical examinations were performed. After an overnight fasting,
venous blood samples were taken for whole blood
count (hemoglobin, leukocyte and platelet) and biochemical measurements. The presence of the serological markers for hepatitis viruses was investigated by ELISA. HBV-DNA was measured by
the hybrid-capture method in HBsAg-positive patients and HCV-RNA was measured by polymerase chain reaction (PCR) in anti-HCV positive patients. In patients with increased transaminases
but negative serology for hepatitis viruses, autoimmune markers (ANA, ASMA, LKM-1, AMA),
and the other etiological factors were measured.
The prothrombin time (PT), partial thromboplastin time (PTT), PC, PS, fibrinogen, thrombin time
(TT), AT and D-dimer (D-d) were measured.
Ultrasonography was performed to assess liver size and echo structure, spleen size, portal vein diameter and the presence of ascites. All patients
with abnormal liver function tests underwent upper gastrointestinal endoscopy to evaluate the
possible presence of varices in the esophagus and
the fundus and congestion in the stomach and the
duodenum.
In patients who had suitable coagulation parameters and consented to the procedure, liver biopsy

was performed with a Wimm-Silverman needle.
All specimens were evaluated by the same pathologist. The modified Knodell score was used (1).
In patients with unsuitable coagulation parameters, the diagnosis of cirrhosis was based on the
positivity of one of the virological markers, physical examination findings (splenomegaly, ascites,
peripheral signs of cirrhosis), laboratory data (decreases in platelets and/or leukocytes), ultrasonographic findings (irregular liver surface, small liver
size, coarseness of liver echogenicity, dilatation of
the portal vein, splenomegaly and ascites) and endoscopic findings (esophageal and/or fundic varices, congestive gastroduodenopathy).
Patients with diabetes mellitus, renal disease,
hyperlipidemia, hepatosteatosis and history of
drug or chronic alcohol abuse were excluded from
the study.
Cirrhotic patients were grouped according to the
Child-Pugh classification. Patients with chronic
viral hepatitis were grouped with respect to the
necroinflammatory activity as expressed by the
histological activity index (HAI): 1-6: mild, 7-12:
moderate, 13-18: severe (1).
The results were expressed as mean± standard
deviation.
The PC, PS, AT, fibrinogen, and fibrin degradation product levels of the cirrhotic patients, chronic
active hepatitis patients and healthy controls were compared with the Kruskall-Wallis test and the
Mann-Whitney U test as appropriate. Probability
values less than 0.05 were considered significant.
RESULTS
Cirrhosis was diagnosed in 35 patients and chronic active hepatitis in 15; the diagnosis was made
by liver biopsy in 35 patients and clinical and laboratory findings in 15. The characteristics of the
patients and controls, etiological factors and the
degrees of parenchymal damage are presented in
(Table 1).

Table 1. The characteristics and results of the patients and the controls
n
CAH

15

Cirrhosis

35

Controls

10

Age
44.4±9.1
(19-55)
52.9±11.0
(21-73)
42.1±11.7
(28-60)

*Histological activity index (HAI)

ALT
118.0±62.5
(37-274)
63.5±50.6
(19-204)
19.9±10.2
(8-40)

Scoring
Mild*
6
Child A
15

Moderate*
9
Child B
8

Severe*
Child C
12

HBV
5
10

Etiology
HCV
Autoimmune
10
20

5
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Table 2. The anticoagulant levels of the patient groups and healthy controls
CAH
Cirrhosis
Controls

PC
103.9
±35.2
44.3
±32.9
120.2
±10.6

PS
77.6
±23.8
45.0
±20.7
70.0
±16.7

AT
86.5
±11.2
57.1
±22.3
107.0
±4.0

Fibrinogen
288.8
±34.5
233.4
±76.1
303.8
±75.6

TT
16.9
±1.4
17.2
±2.0
16.7
±1.5

D-d
0.4
±0.3
2.3
±1.9
0.3
±0.4

PT
13.1
±0.7
17.6
±4.0
12.8
±0.6

Albumin
4.4
±0.3
3.2
±0.8
4.3
±0.2

Bilirubin
1.0
±0.6
2.2
±2.0
0.8
±0.2

Normal reference levels: PC: 70-130%, PS: 65-140%, AT: 80-120%, fibrinogen: 200-400 mg/dl, TT: 15-22 sn, D-d: 0.0-0.5 µg/ml, PT: 12-14 sec,
albumin: 3.5-5 mg/dl, total bilirubin: 0.2-1.3 mg/dl

The prothrombin time was prolonged in 94%
(33/35) of the cirrhotic patients, the bilirubin level
was elevated in 60% (21/35), and the albumin level
was decreased in 60% (21/35). PC was below normal range in 83% (29/35), PS in 86% (30/35), fibrinogen in 37% (13/35), and AT in 86% (30/35). TT
was within normal limits in all cirrhotic patients,
whereas D-d was high in 28 patients (80%).
The PT, albumin, bilirubin, PC, fibrinogen and TT
results of all chronic active hepatitis patients were within normal limits. PS was low in 26% (4/15)
and AT in 40% (6/15).
The PC, PS, AT, fibrin degradation product, PT,
albumin and bilirubin results of the patients and
healthy controls are presented in (Table 2).
Statistical
Comparison
Following Results

Yielded

The

1. When the patients with chronic active hepatitis
were compared with healthy controls,
- The AT level was significantly lower in the
patients (p: 0.031).
- The two groups did not differ significantly with
respect to the other parameters.
2. When the cirrhotic patients were compared with
healthy controls,
- Significant differences were found in all parameters.
3. When cirrhotic patients were compared with
chronic active hepatitis patients,
- Significant differences were found in all parameters.

The investigated parameters were also evaluated
with respect to the severity of cirrhosis. PC, PS,
AT, and fibrinogen showed a direct relationship
with the degree of parenchymal damage. The TT
was within normal limits; D-d levels showed an inverse relationship with the degree of parenchymal
damage.
The anticoagulant levels of the patients with different degrees of parenchymal damage are presented in (Table 3).
Statistical Analysis Yielded The Following
Results
1. When Child A cirrhotic patients were compared
with Child B cirrhotic patients,
- The D-d levels were significantly higher in
Child B patients (p: 033).
- The two groups did not differ significantly with
respect to the other parameters.
2. When Child A cirrhotic patients were compared
with Child C cirrhotic patients,
- Significant differences were found in all parameters.
3. When Child B cirrhotic patients were compared
with Child C cirrhotic patients,
- PC was significantly lower in Child C patients
(p: 0.045).
- AT was significantly lower in Child C patients
(p: 0.010).
The same parameters were compared between
chronic active hepatitis patients with different levels of necroinflammatory activity (Table 4). When

Table 3. The anticoagulant levels of the patients with varying degrees of parenchymal damage
Child A
Child B
Child C

PC
62.7±36.4
42.2±29.2
22.8±12.4

PS
52.4±19.3
46.7±29.2
34.0±12.4

AT
69.7±22.4
56.8±17.7
34.6±14.8

Fibrinogen
273.3±56.3
293.7±81.3
179.4±65.3

TT
17.0±2.3
16.4±1.6
17.9±1.8

Normal reference levels: PC: 70-130%, PS: 65-140%, AT: 80-120%, fibrinogen: 200-400, mg/dl, TT: 15-22 sec, D-d: 0.0-0.5 µg/ml

D-dimer
1.5±2.4
2.3±1.1
3.5±1.6
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Table 4. Mean coagulation inhibitor levels in patients with chronic hepatitis
Mild CAH
Moderate CAH

PC
93.1±34.6
73.5±24.8

PS
85.5±20.8
73.5±24.8

AT
88.6±16.1
85.1±7.3

Fibrinogen
300.6±35.0
280.3±33.1

TT
16.6±1.7
17.1±1.3

D-dimer
0.3±0.4
0.4±0.2

Normal reference levels: PC: 70-130%, PS: 65-140%, AT: 80-120%, fibrinogen: 200-400 mg/dl, TT: 15-22 sec, D-d: 0.0-0.5 µg/ml

the groups with mild and moderate liver injury
were compared, there was no statistically significant difference. Although PC and PS were within
normal range, the levels were lower in the group
with moderate liver injury. The fibrosis scores and
AT levels in these groups were compared with correlation analysis tests, and there was no statistically significant correlation.
DISCUSSION
The liver is an important organ that synthesizes
coagulation factors, except the von Willebrand factor; fibrinolytic system proteins, except the tissue
plasminogen factor; and the urokinase-type plasminogen activator; as well as coagulation and fibrinolysis inhibitors (2-4). In patients with hepatic
parenchymal disease, the loss of functional parenchyma results in decreased synthesis of both
coagulation factors and natural anticoagulant proteins (2, 5-9).
The levels of coagulation factors and natural anticoagulant proteins synthesized in the liver are valuable in diagnosis and treatment, as they reflect
the degree of hepatocyte damage.
In this study, the levels of protein inhibitors and
fibrin degradation products were measured in patients with parenchymal damage to investigate
whether they can be used as markers of parenchymal damage.
In studies on patients with viral hepatitis and
cirrhosis, PC levels were less markedly decreased
in comparison with AT; thus, PC may be less sensitive than AT as a marker of hepatocellular damage (10-12). In patients with viral hepatitis, the
decreased PC level recovers during resolution of
inflammation and returns to normal before PT,
and thus may be used as an early marker for recovery of synthetic functions of the liver (12).
In one study on alcoholic liver disease, the PC and
AT levels were found be significantly lower in
Child C cirrhotic patients (13). In other studies,
PC levels were within normal limits in patients
with steatosis only, but correlated with the degree
of parenchymal damage in cirrhotics; the authors
concluded that PC was an important marker of he-

patocellular damage (13-15). In the present study
on cirrhosis due to viral causes, with increasing
severity of parenchymal damage, antithrombin
was the first protein to decrease, followed by PC
and finally PS. One point that should be kept in
mind in interpreting blood levels of PS is that PS
is synthesized not only by hepatocytes, but also by
endothelial cells, megakaryocytes and Leydig
cells, although their respective contributions are
uncertain.
The deficiency in coagulation factors, platelet
dysfunction, thrombocytopenia, dysfibrinogenemia and increased fibrinolysis in patients with liver disease generally present with increased bleeding diathesis (5, 11, 16); conversely, decreases in
antithrombin and other natural anticoagulants
increase the risk of thrombosis. Some authors argue that since both coagulation factors as well as
antithrombin and natural coagulation inhibitor
factors are equally decreased, coagulation is not
observed in patients with liver disease (5, 11). In a
study from Turkey, no significant association was
found between activities of PC, PS and AT and
presence of portal thrombosis (17). Tripodi et al.
(18) suggested that bleeding is mainly due to the
presence of hemodynamic alterations and that
conventional coagulation tests are unlikely to reflect the coagulation status of cirrhotic patients.
Hyperfibrinolysis is considered to be another important cause of bleeding tendency in cirrhotic patients (13, 19). Fibrinogen is low whereas plasminogen, alpha-2-antiplasmin and fibrin degradation products are high. In some studies on patients
with acute and chronic viral hepatitis, cirrhosis
and hepatocellular carcinoma, the fibrinogen levels were within normal limits and fibrin degradation products were increased (3, 16), whereas in
another study, the fibrinogen level was low, and
the fibrinogen molecule was found to contain supernormal sialic acid levels with resultant functional impairment (2). Recent studies have shown
that although thrombin-activatable fibrinolysis
inhibitor concentrations were low in cirrhotics,
there was no sign of increased plasma fibrinolytics, and the deficiency of antifibrinolytics was
compensated by the decrease in profibrinolytics
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(20). In the present study, D-d, a marker of fibrin
degradation products, was found to be increased
with increasing severity of hepatocyte damage.
Since D-d was the only parameter that differed
significantly between Child A and Child B patients, D-d levels may be considered as an important sign of decompensation in cirrhotic patients.
In the present study, in patients with chronic active hepatitis, PS and AT levels were decreased in
comparison with healthy controls. However, the
decrease in AT was statistically significant in comparison with controls, whereas the decrease in PS
was not. The fibrosis scores and AT levels were
compared with correlation analysis tests in mild
and moderate hepatitis groups, and there was no
statistically significant correlation. It was suggested that this confusion might be connected with similarity of fibrosis scores between the two groups.
In a study by Dong et al. (21) in 1999 in patients
with chronic active hepatitis, the antithrombin levels were similarly decreased. Papatheodoridis et
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al. (22) investigated prothrombotic risk factors in
patients with chronic viral hepatitis and argued
that increased GGT levels and decreased AT levels
may be markers of fibrosis.
In the chronic active hepatitis patients in the present study, the PC, PS, AT, fibrinogen and fibrin
degradation product levels of the mild and moderate groups did not differ significantly. In cirrhotic
patients, the impairment of synthetic function correlates with the increased hepatocellular damage.
The absence of differences between the two subgroups of chronic hepatitis may be ascribed to the
fact that the histological activities of the two groups were similar.
The levels of PC, PS and coagulation factors were
within normal limits in patients with chronic active hepatitis, but AT was significantly decreased;
therefore, AT may be considered as an early marker of hepatocellular damage. In addition, D-d
may be a marker of decompensation in addition to
PC and AT.
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