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Abstract
Background: In asymptomatic peadiatric patients, cirrhosis is considered to be compensated, with or without 

gastroesophageal varices, it may be decompensated. Both Antithrombin III, Protein C and D dimers are sensitive 

markers of liver disease.

Objective: To determine the frequency of compensated and decompensated cirrhosis in cirrhotic peadiatric patients 

and compare the status of protein C, Antithrombin lll deficiency and D-dimer in both groups.

Methodology: In this cross sectional study, 80 peadiatric patients suspected to have cirrhosis were included, from 

November, 2015 to April, 2016, by non-probability convenience sampling. Variables included were; compensated 

and decompensated chronic liver disease, Antithrombin III, D dimer and Protein C, as natural anticoagulents. Data 

was analyzed by SPSS 13.

Results: Out of 80 patients, 70 (87.5%) were in the compensated phase of cirrhosis. Mean Antithrombin III was 

significantly low in patients with decompensated cirrhosis (50.0±4.05%) when compared with patients with 

compensated liver disease (84.52 ±15.36%). (p=0.000) Mean Protein C level exhibited also significant reduction in 

the decompensated patient groups (40±4.7%) when compared with the compensated group of patients 

(77.92±6.67%). (p=0.000) The mean D-dimer levels showed significantly higher levels only in patients with signs of 

decompensated cirrhosis (840±11.85μg/L) when compared with compensated disease (629±6.29). (p=0.000)

Conclusion: Our study concluded that the natural anticoagulants Antithrombin III, Protein C and D dimer, reflect 

hepatocellular impairment in both compensated as well as decompensated peadiatric patients of cirrhosis. However, 

these are markedly decreased in decompensated disease except for D dimer.
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Introduction
Cirrhosisis the outcome of damage to liver tissue 
and scarring of the liver (fibrosis, which is nodular 
regeneration) causing progressive decline in liver 
function, excessive fluid in abdomen (ascites), 
bleeding disorders (known as coagulopathy), 
raised pressure in the blood vessels (portal 
hypertension), and brain function disorders 

1
(which is hepatic encephalopathy).  Chronic liver 
disease particularly in the end stage is 
characterized by clinical bleeding and decreased 
level of most procoagulant factors. In adition to 
that, there is decreased level of naturally occurring 
anticoagulants like antithrombin III and protein C. 
In physiological conditions the coagulation 

2system is balanced by these opposing drivers.
The liver plays a central role in blood coagulation 
process because it is the site of synthesis of most of 

1,2the coagulation factors and their inhibitors.  
Chronic liver disease is commonly associated with 
complex haemostatic defects that include impaired 

3,4,5,6 
synthesis of clotting factors, and coagulation 

7,8,9 10
inhibitors, abnormalities of fibrinolytic activitiy,  
disseminated intravascular coagulation and platelet 

11
defects.  Past studies showed decreased circulating 
levels of natural anticoagulants in those with chronic 
liver disease, as well as acute liver failure, as a result 

12,13
of impaired liver synthetic function.  Studies of the 
natural history of cirrhosis have found that the 
disease tends to present with a silent clinical course, 
followed by the onset of liver dysfunction and portal 
hypertension. The most important predictor of 
decompensation is the increase in hepatic venous 
pressure gradient (HVPG), which is seldom 
measured routinely in children and adolescents. 
In clinical practice, mortality risk is generally 
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estimated on the basis of albuminemia, MELD 
(Model for End-Stage Liver Disease)/PELD 
(Pediatric End-Stage Liver Disease) / Child Pugh 
Turcotte scores and body mass index. Advances in 
diagnostic and treatment technology, especially 
liver transplant surgery, have contributed 
significantly to the management of these cases. 
Currently, the majority of children diagnosed with 
cirrhosis in the first years of life can grow, develop 

11-13
and reach adulthood.  Natural pattern of 
cirrhosisis based on an asymptomatic phase 
known as compensated cirrhosis, followed by the 
progression of complications from portal 
hypertension and liver dysfunction, called 
decompensated cirrhosis. The transition has been 
estimated to occur at a rate of 5%-7% per year. In 
recent years this process has been proposed as a 
series of critical steps that if unchecked, culminate 

14in hepatic decompensation.
The studies that provide more data on the natural 
history of cirrhosis are related to the evolution of 
chronic hepatitis by HBV and HCV. These are 
based on prospective, retrospective and cross 
sectional studies, but are conditioned by factors 
that make difficult to establish absolute evidence 

14,15
on the natural history of the disease.  Of those 
patients with HCV, 50% usually develop chronic 
liver disease including cirrhosis  and liver cancer. 
It is predicted that 15% of chronically infected 
persons develop liver cirrhosis within 20 years. 

16-18However, there are individual differences.  
Currently it is known that 33% of patients develop 
cirrhosis in less than 20 years, while another 31% 
will need many more years in order to develop the 
same damage. Most patients are asymptomatic or 
have nonspecific symptoms until decompensation 
occurs. Causes of cirrhosis are biliary atresia, 
choledochal cysts, viral hepatitis, alpha-1-
antitrypsin deficiency, wilson's disease, cystic 
fibrosis, fatty liver disease, autoimmune diseases 

19,20 
and mitochondrial diseases. The objective of 
this study was to determine the frequency of 
compensated and decompensated cirrhosis in 
cirrhotic peadiatric patients and compare the 
status of protein C, Antithrombin lll deficiency 
and D-dimer in both groups.

Methodology 
In this cross sectional study, a total of 80 

consecutive children suspected to have cirrhosis 
fulfilling inclusion and exclusion criteria, were 
selected during six month period i.e from November, 
2015 to Apri l ,  2016 from Department  of 
Haematology and Transfusion at The Children's 
Hospital and The Institute of Child Health, Lahore 
after taking informed consent from parents. Potential 
confounders were controlled by strictly following 
inclusion and exclusion criteria. Peadiatric patients 
of  5 years to 15 years of age of either sex suspected 
to have cirrhosis, a history documenting anorexia, 
fever, vomiting, abdominal pain, darkening of the 
urine, mostly after ingestion of crustaceans or 
shellfish of dubious provenance, should lead to the 
impression of hepatitis A virus infection (HAV). 
Along with HBV and HCV, HAV infection also is the 
likely etiology of liver disease and on physical 
examination with  plethora, hepatomegaly, jaundice 
were included in this study while patient presented 
with congenital antithrombin III and protein C 
deficiency on medical record, patients of chronic 
liver diseases, comorbid conditions like diabetes 
mellitus (fasting sugar ≥126mg/dl on two occasion), 
renal failure associated with protienurea (nephritic 
syndrome≥3.5g/dl), RFT (creatinine ≥1.2m/dl, urea 
≥50mg/dl), hyperlipidemia (lipid profile, cholesterol 
≥200md/dl, TG ≥150md/dl), hepatosteatosis. Patient 
with the history of drug that interfere with 
antithrombin III and protein C and S deficiency and  
patients with the raised D-dimer due to other causes 
such as DIC (FDP ≥200mg/dl), sepsis (CRP, blood 
culture), sickle cell crisis (Hb electrophoresis), 
pneumonia (chest x-ray, blood culture) were 
excluded from the study.
Cirrhosis was diagnosed in these patients on the 
basis of history, physical examination and non-
specific laboratory test like liver enzymes and 
Ultrasound abdomen for hepatomegaly and was 
diagnosed on liver biopsy showing fibrosis and 
nodular transformation. While according to child 
pugh classification, class A point (5-6), class B (7-9) 
is considered as compensated cirrhosis and class C 
point 10 – 15 is considered as decompensated 
c i r rhos is .  For  predic t ive  ro le  of  na tura l 
anticoagulants in prognosis of chronic liver disease 
in pediatric age group.  
Antithrombin III and Protein C: Collected in APTT 
vial was run on Stago STA compact while D-dimer: 

Collected in APTT vial was run manually. Antithrombin 

III deficiency, protein C deficiency, raised D-dimer as 

according to operational definitions are the outcome 
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variables. Ethical approval was sought from ethical 

committee of hospital. All data entered in computer 

software SPSS version 20. Mean±S.D was applied to 

express the value of the variables in compensated and 

decompensated cirrhosis. Quantitative variables like   

protein C, antithrombin III and D-dimer level in 

patients of cirhhosis was expressed as percentages and 

frequencies. Chi square test applied to analyze 

significant differences between qualitative variables 

like antithrombin III, protein C deficiency and raised 

d-dimer in compensated and decompensated cirrhosis. 

Data was analyzed by SPSS version 13.

Results
Out of 80 patients, 70 patients (87.5%) were in the 
compensated phase of cirrhosis while 10(12.5%) 
of the patients were in the decompensated phase of 
cirrhosis. The frequency distribution of 
compensated and decompensated patients is 
shown in table I. 

The mean level of AT III showed significant 
reduction in patients with decompensated 
cirrhosis (50.0 ± 4.05%) when compared with 
patients with compensated liver disease (84.52 ± 
15.36%). At the same time the mean PC level 
exhibited a more significant reduction in the 
decompensated patient groups (40±4.7%) when 
compared with the compensated group of patients 
(77.92±6.67%). The mean D-dimer levels showed 

significantly higher levels only in patients with signs 
of decompensated cirrhosis (840±11.85μg/L) when 
c o m p a r e d  w i t h  c o m p e n s a t e d  d i s e a s e 
(629±6.29µg/L). (Table I)  Data was stratified for the 
value of antithrombin III and 26 (72.2%) 
compensated patients showed antithrombin III less 
than 80% while 44 (100%) compensated patients 
were with antithrombin III between 80 to 120%. In 
the category of decompensation all 10 (27.8%) 
patient showed antithrombin III less than 80% with 
P-value=0.000. In case of protein C, 9 (47.4%) 
compensated patients showed protein C, less than 70% 
while 10 (52.6%) compensated patients were with protein 
C, 70 to 130%, while in the category of decompensated 
group 10 (52.6%) patient showed protein C less than 70% 
with P value of0.000.  

In case of D-dimer, 59 (100.0%) compensated patients 
showed D-dimer less than 639ng/l while there is no 
patient in this group showed less than 639ng/l while 
11(52.4%) compensated patients were with D-dimer 
more  than 639ng/ l  whi le  in  the  ca tegory  of 
decompensation 10 (47.6%) patient showed D-dimer 
more than 639ng/l with P-value of 0.000. 
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Variable  Compensated Chronic 
Liver Disease 

Decompensated Chronic 
Liver Disease 

P value 

Stage 70 (87.5%) 10 (12.5%)  
Antithrombin III 84.52±15.36 50.0±4.05 
Protein C 77.92±6.67 40.00±4.7 
D-dimer 629.6±6.29 840±11.85 
Stratification of Antithrombin III level in compensated and decompensated  patients  

 
0.000 

Less than 80% (n=36)  26 (72.2%) 10 (27.8%) 
80 to 120 % (n=44) 44 (100%) 0 (0.0%) 
Total (n=80)  70 (87.5%) 10 (12.5%) 
Stratification of Protein C level in compensated and decompensated patients   

 
0.000 

less than70% ( n=19) 9 (47.4%) 10 (52.6%) 
70 to 130% ( n=61) 61 (100%) 0 (0.0%) 
Total (n=80)  70 (87.5%) 10 (12.5%) 
Stratification of D-dimer level in compensated and decompensated patients   

 
0.000 

less than 639ng/m 59 (100%) 0 (0.0%) 
more than 639ng/m 11 (52.4%) 10 (47.6%) 
Total  (n=80) 70 (87.5%)                10 (12.5%) 

 

Table I: Anticoagulant level in children with Chronic Liver Disease in compensated versus 
decompensated stage. (n=80)



Discussion
It is well-known that chronic liver disease is 
characterized by variable haemostatic defects that 
involve primary haemostasis, fibrinolysis and 

13coagulation.  Coagulation indices due to their 
relationship to liver synthetic function are well 
defined as prognostic markers in a range of 

14,15settings in both acute/chronic liver disease.  
Previous studies have shown in patients with 
chronic liver disease a marked decrease in liver 
synthesis of coagulation factors as well as 

18inhibitors.  Recently, anticoagulation proteins 
were approved not only to reflect hepatocyte 
impairment but also to have predictive value in 

15
chronic liver disease.
In the current report, the plasma levels of natural 
anticoagulants Antithrombin III and Protein C, 
exhibited significant reduction in patients with 
decompensated as compared to compensated 
cirrhosis. This is in line with previous studies, 
w h i c h  r e p o r t e d  l o w  l e v e l s  o f  n a t u r a l 
anticoagulants not only in chronic liver disease 

16 but also in acute hepatitis. Natural anticoagulants 
are intimately related to liver function and 
Antithrombin III is only synthesized by liver 

16,17tissue.  Acute or chronic liver diseases may 
decrease the concentration of Antithrombin III. 
Several studies have investigated the reduction of 

18,19Antithrombin III in chronic liver disease.  The 
plasma concentration of Antithrombin III is too 

20
low in cirrhosis, as reported in a previous study,  
and concluded that altered plasma concentration 
of Antithrombin III in cirrhosis was due to reduced 
transcapillary flux ratios in his sample. It is clear 
that damage to hepatic tissue, particularly damage 
to the endothelium, triggers the included 
inflammation and upsetting of the physiological 

21
anticoagulant mechanism.  Our data shows that 
patients with chronic hepatitis tend to have 
cirrhosis leading to decreased levels of 
A n t i t h r o m b i n  I I I .  We  h a v e  s u g g e s t e d 
Antithrombin III as a marker for fibrosis, but this 
hypothesis should be tested in future studies. The 
structure  behind the diminution of Antithrombin 
III in liver disease are complex, but inadequate 
hepatic synthesis, an altered trans capillary flux 
ratio, and a low diffuseness DIC may be involved 
in the process. Another recent published 
investigation documented Protein C as a potential 
predictor of hepatic fibrosis in chronic liver 

disease. These findings, including the present one, 
confirm that levels of Protein C are sensitive markers 
of hepatocyte impairment. Antithrombin III was 
shown to be a good marker of liver cell synthetic 

22
function in cirrhosis.
In the present study we found high D-dimer levels in 
patients with decompensated liver cirrhosis while in 
compensated patients no significant increase of D-
dimer levels were observed. Plasma levels of 
fragment D-dimer represent an accurate marker of 
fibrinolytic activity and increased fibrinolysis is a 
common finding in advanced liver disease. In liver 
cirrhosis pathogenesis of hyperfibrinolysis in liver is 
not yet clearly known. Having found high D-dimer 
levels in the blood and in the ascitic fluid, Agarwal et 
al suggested ascites among the possible causes of 
increased fibrinolysis in patients with liver 

22cirrhosis.  Our finding is in agreement with that of 
Agarwal et al who reported increased plasma D-
dimer values in 93% of patients with cirrhosis and 
ascites. Another recent study confirmed the 
association between circulating high D-dimer levels 
and the presence of ascites found in cirrhotic 

23
patients.
On the basis of these findings it can be shown that in 
liver cirrhosis ascites counts to the main factors to be 
associated with increased fibrinolytic activity. We 
may conclude that high D-dimer levels in cirrhotics 
is a strong indicator of decompensation. The 
underlying mechanism for these observation remains 
to be clarified. Increased levels of D-dimer has been 
detected in ascitic fluid as well, suggesting that 
ascites reabsorption into systemic circulation 
contributes to hyperfibrinolytic state in patients with 

22,24advanced liver disease.  Piscaglia et al proposed 
that the association between high circulating D-
dimer levels and ascites might be due only to 

25advanced liver impairment in decompensation.  
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 pat ients  with 
parenchymal damage to investigate whether they can 
be used as markers of parenchymal damage. 
In the present study, D-dimer, a marker of fibrin 
degradation products, was found to be elevated with 
increasing severity of hepatocyte damage. Since D-
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dimer was the only parameter that differed 
significantly between Child A and Child B 
patients, D-dimer levels may be considered as an 
important sign of decompensation in cirrhotic 
patients. Antithrombin III may be considered as an 
early marker of hepatocellular damage. In 
addit ion,  D-dimer may be a  marker  of 
decompensation in addition to Protein C and 
Antithrombin III.

Conclusion
On the basis of our results we concluded that 
natural anticoagulants Antithrombin III and 
Protein C shows hepatocellular impairment in 
compensated as well as decompensated patients of 
cirrhosis. This is also supported that in 
decompensation there is marked decrease in these 
anticoagulant proteins. Our study further shows 
that patients with high D-dimer levels require 
careful monitoring since this observation is 
associated with decompensated liver disease. 
Whether these parameters could be used in the 
clinical assessment of liver impairment need to be 
confirmed by future larger studies
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