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ABSTRACT

Aim To create a predictive score based on functional parameters of 
the liver and determine its prognostic value in survival of patients 
with decompensated cirrhosis. 

Methods Retrospective observational study included 91 conse-
cutive patients with decompensated cirrhosis. Functional parame-
ters (bilirubin, AST – aspartate aminotransferase, ALT – alanine 
aminotransferase, ALP – alkaline phosphatase, GGT – gamma-
glutamyltranferase, albumin, prothrombin time, platelet count, 
haematocrit and creatinine), Child-Pugh (CP) and Model of End-
Stage Liver Disease (MELD) scores have been measured at first 
hospitalization and at every exacerbation episode over follow-up 
period of 24 months. 

Results Using Cox regression analysis, we found that age 
(OR=1.206; p=0.03; 95% CI=1.019-1.428), serum bilirubin 
(OR=1.017; p=0.003; 95% CI=1.006-1.029), INR (International 
normalized ratio) (OR=6.262; p=0.002; 95% CI=1.924-20.378) 
and serum creatinine (OR=1.019; p=0.005; 95% CI=1.006-
1.032) had statistically strong association with the incidence of 
a six-month mortality. Age (OR=1.120; p=0.006; 95% CI=1.033-
1.214), serum bilirubin (OR=1.021; p=0.0001; 95% CI=1.010-
1.032), GGT (OR=1.007; p=0.023; 95% CI=1.001-1.014), INR 
(OR=9.571; p=0.001; 95% CI=2.610-35.098), haematocrit 
(OR=0.695; p=0.001; 95% CI=0.559-0.864) and serum creatinine 
(OR=1.023; p=0.0001; 95% CI=1.011-1.035) showed an increa-
sed the risk for a 24-month lethal outcome. Predictive score deri-
ved from liver functional parameters, CP and MELD scores, each 
independently has shown a high degree of death prediction after 6 
or 24 months in patients with end-stage liver disease. 

Conclusion Predictive score derived from liver functional para-
meters had a better prognostic value for short-term and long-term 
mortality comparing to MELD and Child-Pugh score.
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INTRODUCTION

Nowadays, the liver transplantation is a gold 
standard for the treatment of the End Stage Liver 
Disease (ESLD). Decompensated cirrhosis is one 
of the most common causes of ESLD. 
All patients with decompensated cirrhosis are 
candidates for liver transplantation. They should 
be put in the waiting list in proper time, neither 
too early nor too late (1). Liver transplantation 
performed in proper time is associated with good 
prognosis (2). Many different risk factors and 
clinical characteristics of the patient may impact 
either short-term or long-term mortality; obese 
patients have significantly increased morbidity 
and a higher risk for 1-year mortality (3). To de-
termine urgency for liver transplantation diffe-
rent functional parameters of the liver function 
and clinical scores such as Child-Pugh (CP) (4), 
Model of End-Stage Liver Disease (MELD) (5), 
and other scores (6,7) are used for evaluation of 
short-term and long-term mortality rate.  
Liver functional parameters, bilirubin, aspartate-
amino transferase (AST), alanine-amino transfe-
rase (ALT), alkaline phospahatase (ALP), gamma-
glutamyltransferase (GGT), albumin, prothrombin 
time, international normalized ratio (INR), platelet 
count, haematocrit, creatinine and haemoglobin 
are used as independent prognostic factors for 
survival rate in patients with decompensated cirr-
hosis, or some of them are included in clinical pro-
gnostic scores such as CP and MELD scores (8, 
9, 10). Among liver functional parameters, serum 
bilirubin, INR, creatinine, lactate, albumin and 
CRP are good independent prognostic factors for 
short-term and long-term survival rate in patients 
with decompensated cirrhosis (11,12). In decom-
pensated cirrhosis ALT and AST have no progno-
stic value for mortality rate (13). 
Child-Turcotte-Pugh (CTP) score, or its modifi-
cation Child-Pugh (CP) score is the most applied 
prognostic score in patients with decompensa-
ted cirrhosis, due to its simplicity in every day 
clinical practice (14). It is based on grading of 
five parameters: albumin, bilirubin, prolonged 
prothrombin time, ascites and encephalopathy. 
According to Child-Pugh scoring system patients 
are classified into three classes: A (5-6 points), B 
(7-9 points) and C (>9 points) (15). Several studi-
es have shown good prognostic value of CP score 

in the patients with decompensated cirrhosis for 
long-term survival rate (8,16). CP score has no 
predictive value for short-term mortality rate (9). 
MELD is an objective score and it is used as the 
main component of some transplant programs 
(17). MELD is a good score for stratification 
and ranking of urgency for liver transplantati-
on (15,18). It is based on three simple objective 
parameters: serum level of creatinine, bilirubin 
and INR. MELD is a good prognostic marker for 
short-term survival for patients who are waiting 
for liver transplantation (19,20). 
Some studies have shown that MELD and CP 
scores had a similar good prognostic value for 
short-term survival in patients with decompensa-
ted cirrhosis, but MELD score was found to be 
a better prognostic factor for long-term survival 
than CP score; albumin-bilirubin (ALBI) score 
was a better prognostic factor than both of them 
(8,10,21,22). 
There are many scores used for prediction of cli-
nical outcome in patients with severe liver disea-
se, but besides having no good prognostic value, 
they also have some disadvantages and limitati-
ons (6,8,9,13,22). Current studies are looking for 
a score which will be simpler and with a better 
prognostic value (23-26).  
The aim of this study was to create a predictive 
score based on functional parameters of the liver 
and compare its prognostic value with CP and 
MELD scores in survival of patients with decom-
pensated cirrhosis.

PATIENTS AND METHODS

Patients and study design

This retrospective observational cohort study 
included 91 patients with decompensated cirr-
hosis who were admitted to the Department of 
Gastroenterology, Internal Medicine Clinic, Uni-
versity Clinical Centre Tuzla, Bosnia and Her-
zegovina, and analysed in the period between 
1 January 2020 and 30 April 2022. Functional 
parameters of the liver function, Model for End-
Stage Liver Diseases (MELD) score (27) and 
clinical Child-Pugh score (28) were measured at 
first hospitalization and at every rehospitalization 
over a follow-up period. All patients with decom-
pensated cirrhosis underwent a follow-up for 24 
months after admission to assess clinical outcome 
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and mortality rate. Clinical follow-up was perfor-
med by telephone or through a patient's examina-
tion. After 6 and 24 months  clinical outcome and 
mortality rate (death due to liver insufficiency or 
due to other diseases) were determined.
The inclusion criteria were decompensated cirr-
hosis and age >18 years. The exclusion criteria 
were any other liver disease, malignant diseases, 
neuromuscular disorders, renal dysfunction, and 
haematological diseases.

Methods

Laboratory tests. Whole blood samples were 
immediately collected in a tube containing EDTA, 
centrifuged at 2000xg for 15 minutes at room tem-
perature. Plasma concentrations of functional pa-
rameters (bilirubin, AST, ALT, GGT, prothrombin 
time, INR, albumin, creatinine, haemoglobin, hae-
matocrit and platelets count) were measured using 
routine standard methods within 30 minutes using 
the Analyzer SYSMEX XN 100 (SYSMEX Cor-
poration1-5-1 Wakinohama-Kaigandori, Chuo-
Ku, Kobe 651-0073, Japan). 
Clinical scores for severity of liver disease. 
Model for End-Stage Liver Disease - MELD sco-
re (29) is a numerical scale from 6 to 40 indica-
ting a level of severity of a disease for patients 
who are candidates for liver transplantation (age 
>12 years). The higher score corresponds to the 
more severe stage of disease. Formula for calcu-
lation of MELD score is 0.957 x loge (creatinine 
mg/dL) + 0.378 x loge (bilirubin mg/dL) + 1.12 x 
loge (INR) + 0.643 (29).
Child-Pugh score (15) includes 5 parameters: al-
bumin, bilirubin, prolongated prothrombin time, 
ascites and encephalopathy. Each parameter is 
pointed by 0, 1 or 2. Albumin >35 g/L=0 point,  
28-35 g/L=1 point, and <28 g/L=2 points; bili-
rubin <34 µmol/ L=0 point, 34-51 µmol/ L=1 
point, and >51 µmol/ L=2 points; prolongated 
prothrombin time 4 s=0 point, 4-6 s=1 point, and  
>6 s=2 points; none ascites=0 point, controlled 
ascites=1 point and uncontrolled ascites=2 po-
ints; none  encephalopathy=0 point, controlled 
encephalopathy=1 point and uncontrolled en-
cephalopathy=2 points). According to Child-
Pugh score points patients are divided into three 
groups: A (5-6), B (7-9) and C (>9). 
According to modification of Child-Pugh score, 
Child-Turcotte-Pugh score (CTP) (22), class A of 

the patients has a good prognosis if complicati-
ons (such as uncontrolled bleeding) do not occur, 
CTP class B may be or may not be a candidate 
for liver transplantation depending on his clinical 
conditions, CTP class C is a candidate for the li-
ver transplantation and it is a good predictor for 
short-term survival and positively correlates with 
neutrophil to lymphocyte ratio (NLR) (30).

Statistical analysis

Continuous variables are expressed as the 
mean±SD. They were analysed by Student’s t 
test and ANOVA. Categorical variables are pre-
sented as frequencies (%) and were analysed with 
the χ2 test with Yates correction. Odds ratio with 
95% confidence interval (CI) was calculated. The 
Kaplan‒Meier test was used to estimate the sur-
vival rate. Cox regression analysis was used to 
determine the prognostic value of the variables. 
Differences between analysed parameters were 
considered significant at p<0.05.

RESULTS

This retrospective observational study included 
91 patients with decompensated cirrhosis (mean 
age 64.3±11.0 years). There were 60 (65.9%) ma-
les and 31 (34.1%) females. 
Kaplan‒Meier analysis showed survival rate in 
patients with decompensated cirrhosis of 92.3% 
after 6 months and 85.7% after 24 months.
The INR, serum bilirubin and creatinine were si-
gnificantly higher, but serum albumin, haematocrit 
and platelet counts were significantly lower in pa-
tients who died compared with patients who survi-
ved over the period of follow-up (Table 1). Patients 

Parameter
Mean±SD

p
Survived Died

Age (years) 64.04±11.25 66.00±9.85 0.56
Total bilirubin (µmol/L) 40.48±32.78 129.12±112.23 0.02
AST (IU/L) 97.62±89.79 141.92±132.01 0.26
ALT (IU/L) 56.69±36.66 60.31±34.04 0.73
ALP (IU/L) 139.81±112.65 121.62±128.11 0.64
GGT (IU/L) 133.22±14.84 124.23±163.22 0.84
Albumin (g/L) 27.26±6.71 22.43±4.88 0.005
INR 1.51±0.39 2.23±0.82 0.008
Platelet (x109/l) 122.82±88.42 81.92±51.14 0.03
Haematocrit (%) 32.59±7.62 26.31±7.80 0.02
Creatinine (mmol/L) 98.23±52.55 198.08±119.61 0.01
Haemoglobin (g/dL) 6.42±1.60 5.49±1.67 0.08

Table 1. Functional parameters of the liver in patients with 
decompensated cirrhosis who survived and died over 24 
months of follow-up

AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
ALP, alkaline phosphatase; GGT, gamma-glutamyltranferase; INR, 
international normalized ratio
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with fatal outcome had a higher CP and MELD 
scores than patients with non-fatal outcome. 
Age (OR=1.206; p=0.03; 95% CI=1.019-1,428), 
serum bilirubin (OR=1.017; p=0.003; 95% 
CI=1.006-1,029), INR (OR=6.262; p=0.002; 
95% CI=1.924-20.378) and serum creatinine 
(OR=1.019; p=0.005; 95% CI=1.006-1.032) 
showed a statistically strong association with the 
incidence of six-month mortality (Table 2).   

Receiver operating characteristics analysis was 
performed in order to test prognostic value of 
the predictive score based on functional para-
meters of the liver for mortality rate after six 
and 24 months. Its prognostic value was compa-
red with CP and MELD scores. Each score in-
dependently had a significant level of prediction 
for short-term (Figure 1) and long-term morta-
lity rate (Figure 2). 

Variable p OR (95% CI)
 Age 0.03 1.206 (1.019-1.428)
 Total bilirubin 0.003 1.017 (1.006-1.029)
 INR 0.002 6.262 (1.924-20.378)
 Creatinine 0.005 1.019 (1.006-1.032)

Table 2. Relative risk of functional parameters of the liver 
for six-month mortality rate in patients with decompensated 
cirrhosis

INR, international normalized ratio; OR, odds ratio; CI, Confidence 
interval

Variable p OR (95% CI)
 Age 0.006 1.120 (1.033-1.214)
 Total bilirubin 0.0001 1.021 (1.010-1.032)
 GGT 0.023 1.007 (1.001-1.014)
 INR 0.001 9.571 (2.610-35.098)
 Haematocrit 0.001 0.695 (0.559-0.864)
 Creatinine 0.0001 1.023 (1.011-1.035)

Table 3.  Relative risk of functional parameters of the liver 
for 24-month mortality rate in patients with decompensated 
cirrhosis

GGT, gamma-glutamyltransferase; INR, international normalized 
ratio; OR, odds ratio; CI, Confidence interval

Figure 1. Predictive score based on functional parameters, 
Child-Pugh (CP) and Model for End-Stage Liver Disease 
(MELD) scores for short-term mortality in patients with de-
compensated cirrhosis;
blue line - CP score; green line - MELD score; red line - predic-
tive score based on functional parameters of the liver; black line 
- referent line;

Figure 2. Predictive score based on functional parameters, 
Child-Pugh (CP) and Model for End-Stage Liver Disease 
(MELD) scores for long-term mortality in patients with decom-
pensated cirrhosis;
blue line - CP score; green line - MELD score; red line - predic-
tive score based on functional parameters of the liver; black line 
- referent line;

Age (OR=1.120; p=0.006; 95% CI=1.033-1,214), 
serum bilirubin (OR=1.021; p=0.0001; 95% 
CI=1.010-1.032), GGT (OR=1.007; p=0.023; 
95% CI=1.001-1.014), INR (OR=9.571; 
p=0.001; 95% CI=2.610-35,098), haematocrit 
(OR=0.695; p=0.001; 95% CI=0.559-0,864) and 
serum creatinine (OR=1.023; p=0.0001; 95% 
CI=1.011-1,035) showed an increased risk for a 
24-month lethal outcome (Table 3).

According to predictive values of functional pa-
rameters of the liver determined by logistic regre-
ssion analysis, predictive score was created with 
the formula:

Π-probability of outcome (from 0 to 1), HCT-
haematocrit, CREA-creatinine, TBIL-total serum 
bilirubin
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DISCUSSION

Predictive score based on functional parameters 
of the liver was created in this study. It had a 
better prognostic value for short-term and long-
term mortality comparing to MELD and Child-
Pugh score in the patients with decompensated 
cirrhosis. Functional parameters of the liver func-
tion, serum bilirubin, international normalized 
ratio (INR) and serum creatinine showed statisti-
cally strong predictive value for short-term and 
long-term mortality. The GGT and haematocrit 
had a good prognostic value only for long-term 
mortality in patients with decompensated cirrho-
sis. Serum aminotransferase AST and ALT levels 
and platelet count had no predictive value. 
Several studies showed similar results (11-13). 
Jeong et al. (11) using univariate regression 
analyses identified that MELD score, lactate, 
platelet, INR, bilirubin, creatinine, albumin, 
and C-reactive protein (CRP) predicted in-hos-
pital mortality; multivariate regression analysis 
showed that MELD score, lactate, albumin, and 
CRP were significantly associated with in-hospi-
tal mortality. In the cohort of 78 patients with de-
compensated cirrhosis Sullivan et al. (13) found 
that 70 patients had a normal ALT and 12 had a 
normal AST with no correlation between compli-
cations or death and aminotransferase levels.
In this study, liver functional parameters had al-
most equally good prognostic value compared 
with MELD and CP scores for short-term survi-
val. However, MELD score had a better progno-
stic value than the CP score and liver functional 
parameters for long-term survival in patients 
with decompensated cirrhosis. These results are 
similar and consistent with findings in the studi-
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