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Introduction
Liver cirrhosis is 14th most common cause of deaths 
in the world, ensuing about 1.03 million deaths 
annually. The mortality rate of liver cirrhosis 
fluctuates between 1-57%  due to its various 

1
complications.  Acute Variceal Hemorrhage (AVH) 
and portal hypertension are major complications, 
and comprises of about 70% of all upper 
gastrointestinal bleeding episodes in cirrhotic 

2
patients.  Despite timely intervention, AVH carries 

3about a six week mortality rate up to 23%.  However, 
hospital mortality due to AVH was found 1.7% in one 
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ABSTRACT
Objective: To determine a score that best predicts the mortality of admitted patients within six weeks of Acute 
Variceal Hemorrhage (AVH). 
Study Design: Cross sectional study.
Place and Duration of Study: The study was conducted at Inpatient Department of Gastroenterology Unit at 

th th
Pakistan Institute of Medical Sciences (PIMS), Islamabad from 30  April 2017 to 30  October 2017. 
Materials and Methods: The number of patients with AVH enrolled in this study were 223. A pretested 
questionnaire was used to gather the required information; Model for End-stage Liver Disease (MELD) and 
Child-Turcotte-Pugh (CTP) scores of each patient were recorded at the time of admission in the inpatient 
facility. The outcome was documented via a telephonic call at the end of six weeks. The primary outcome of the 
study was “mortality” at end of six weeks.
Results: The total number of participants were 223, including 61% (n=136) males and 39% (n=87) females. The 
mean age was 52.4±13.96. The overall mean value of CTP score was 9.6±2.8 and mean value of MELD score was 
19.3±6.7, while the mean values of CTP and MELD among non-survivors were 12.9±2.1 and 26.6±5.6, 
respectively. After six weeks, the number of deaths were 27% (n=60). The MELD had positive predictive value 
(PPV) of 83.3%, negative predictive value (NPV) of 96.8%, sensitivity: 91.7%, specificity: 93.3%, diagnostic 
accuracy: 92.82%, and positive likelihood ratio of 13.68. Similarly, CTP had PPV: 77.4%, NPV: 92.5%, sensitivity: 
80%, specificity: 91.4%, diagnostic accuracy: 88.34% and positive likelihood ratio of 9.3. The area under the 
curve (AUC)for MELD was 0.91, while CTP was 0.90. 
Conclusion: The MELD score is better in its discriminative ability and more accurate in predicting six weeks 
mortality in patients with AVH than CTP score.
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4of  national study.
Cirrhosis comprises of two prognostic stages-
co m p e n s ate d  a n d  d e co m p e n s ate d .  T h e  
decompensated cirrhosis is marked by development 
of complications like variceal hemorrhage, ascites, 
encephalopathy, jaundice, and hepatocellular 
carcinoma. 
Different risk characteristics have been identified to 
develop scores that stratify patients in case of 
outcomes i.e., death and re-bleeding. The examples 
include Rockall, Child-Turcotte-Pugh (CTP), Model 

5for End-stage Liver Disease (MELD) , recalibrated 
MELD score, and Acute Physiology and Chronic 

2,6Health Evaluation II (APACHE II).  
The most common, CTP and MELD scores are used in 
wide range of settings like intensive care, post-
surgery, chronic Hepatitis B related cirrhosis, 
transjugular intrahepatic portosystemic shunt (TIPS), 
acute on chronic liver failure (ACLF) with AVH, and 
liver transplant candidates. The scores are compared 
for their prognostic accuracy with hospital base, 3-

1,7month  and 6-month mortality as the endpoints.  
In 1964, Child and Turcotte proposed score to 
estimate operative risk on patients of liver cirrhosis 
undergoing portosystemic shunt procedure for 
variceal hemorrhage. The score included variables 
like ascites, hepatic encephalopathy, nutritional 
status, total bilirubin, and  serum albumin in the 

1
beginning.  Later on, it was modified by Pugh and his 
colleagues by the addition of prothrombin time or 

8
international normalized ratio.  Later, in 1973 it was 
termed as Child-Pugh classification after removal of 

9
nutritional status.  The score was finally renamed as 
Child-Turcotte-Pugh (CTP) score and is use to predict 
the outcome of all cirrhotic patients regardless of 
surgery due to its ease and reliability, including liver-

7,10
transplantation and TIPS.  The modified version of 
the score is given in the Table 1. 
Several modifications were proposed in CTP score to 
improve its predictive value, for example-- inclusion 

11 12
of variceal status , serum creatinine , and 

13recalibration to predict transplant free survival.  
The scores of CTP and MELD have been compared in 
different settings like variceal bleed, liver transplant, 
hepatocellular carcinoma, post shunt surgery and 
acute liver failure. Both have their limitations in 
terms of score variables and prognostic ability.  
The Child–Pugh score comprises of subjective 

variables like ascites and hepatic encephalopathy 
which are subject to physicians' clinical judgment. 
The use of medications like diuretics and lactulose 
also alter actual disease prognosis by changing the 
clinical stage.
The third variable, international normalized ratio 
(INR) can be different according to the different 
reagents used in different laboratories. 

Class A :( 5-6); Class B: (7-9); Class C: (10-15)

The MELD score was initially generated to determine 
prognosis of trans jugular intrahepatic portosystemic 

14,15shunts intervention patients in terms of survival.  
The current form of MELD score has three variables, 
total bilirubin, creatinine, and INR that are all 
objective and laboratory dependent. The MELD 
score has a weakness, as the INR does not provide 
sufficient information about coagulation disorder in 
the liver disease, and also it has inter-laboratory 

16
differences.  The MELD score makes use of 
laboratory tests to add objective value to assess the 
disease severity as compared to empirical CTP score. 
Ascites and hepatic encephalopathy (HE) are not 

17
taken into account in MELD scores.  The MELD score 

14may underestimate the mortality risk of patients.  
hence, some researchers proposed that CTP score is 
feasible for daily clinical assessments of liver disease, 
and MELD score could be best in listing patients for 
liver transplant.
The designated formula for latest version of MELD 
score has the following variables.
MELD = 9.57×log  [serum creatinine (mg/dL)] + e

3.78×log  [Total bilirubin (mg/dL)] + 11.2×log  [INR] e e

+ 6.43 (constant for liver Disease etiology)
Different studies have compared discriminative 
abilities of the MELD and CTP scores. The results 
seem to be still controversial. Few favored CTP score, 

7while others MELD score.  In systemic review and 
metanalysis MELD score is considered better to CTP 

Life & Science 2021 Vol. 2, No. 1 Prognostic Model for Acute Variceal Haemorrhage

23



score for prognosis in terms of survival, though MELD 
score is proved 63% better in predicting 3-month 

14,17,18survival.
The MELD score has several modifications which 
have been offered to improve the survival 
predictability in different liver related conditions. 
These modifications include HCC MELD for 

19
hepatocellular carcinoma , MELD-Na (comprising of 

20serum sodium of normal range) , Delta MELD for 
21

liver allocation  integrated MELD incorporating 
22

serum sodium and age , refit MELD (reallocating cut 
offs of serum creatinine and INR: 0.8-3.0 and 1-
3,respectively) and MESO (ratio of MELD score to 

23serum sodium).  
The CTP score has been used consistently to predict 
the risk of death due to acute variceal hemorrhage 
(AVH). The MELD score is considered superior in 
assessment of liver disease severity rather than 

24
mortality from AVH.  The mortality for Index Bleed 
ranged from 15-80% for Child Class B and C, 15% for 

25
child Class A.  
In another study, the prognostic abilities of MELD 
and CTP scores were assessed. The cut off in MELD 
score was >23 and Child score > 12. Keeping mortality 
as reference standard, the sensitivity of MELD and 
CTP score was 100% and 83.3%, respectively, 
whereas specificity was 81.3% and 92%, respectively 
in the reference study. The PPV for MELD and CTP 
was 36.4% and 52.6%, respectively. The NPV for 
MELD was 100% and 98.1% for CTP score, 

25
respectively.  
Pakistan is a country with widespread prevalence of 
cirrhosis. The access to tertiary care medical facilities 
with experienced endoscopists and standard 
equipment is limited. Although advanced 
endoscopic interventions are available at many 
centers, most government hospitals refer patients of 
AVH to teaching hospitals or private medical facilities 
because of either non-availability or malfunctioning 
of the equipment or owing to patient load. Based on 
the natural history of esophageal variceal 
hemorrhage (EVH), the risk of re-bleeding has 
become similar to the non-bleeding esophageal 

2 varices in six weeks.  There must be a scoring system 
available for triage, based on disease severity and 
prognosis, to designate  such patients, at the time of 
admission in Emergency Department. 
The aim of this study is to determine a score that best 

predicts the mortality of admitted patients within six 
weeks of AVH, so that, individualized management 
plan based on risk stratification by a score within 
appropriate time limits can be implied. It can be 
added to the emergency and inpatient management 
pathways. and assist in making a triage plan for 
patients, keeping in view the resources and disease 
burden.

Materials and Methods
Total 223 patients were enrolled at Gastroenterology 
Department of Pakistan Institute of Medical 

th thSciences, Islamabad during 30  April 2017 to 30  
October 2017, ranging of ages 18 to 80 years and of 
both genders. All the patients had decompensated 
chronic liver disease with index acute variceal 
hemorrhage and recurrent hemorrhage, diagnosed 
on upper gastrointestinal endoscopy. The sample 
size was calculated by WHO calculator and 
consecutive nonprobability sampling technique was 
employed in this cross-sectional validation study.  
The reference statistics for the calculation of sample 
size included confidence level: 95%, expected 
sensitivity: 100% assuming 95% for the sample size, 
expected specificity: 81.3%, expected prevalence: 
23%, desired precision: 5% for sensitivity and 10% for 

6specificity.
After a written consent from each patient 
information was collected through interviews on a 
pre-tested questionnaire by a trained data collector. 
The date and time of data entry was noted (Annex II). 
The endoscopy was performed to evaluate the 
presence of varices.  The MELD and CTP scores were 
computed for each of the admitted case. The follow-
up of patients was done after six weeks of initial 
presentation with AVH. The primary outcome was 
taken as mortality within 6 weeks of initial 
presentation. 
Data was evaluated by using IBM SPSS (Version: 24). 
The distribution of data was assessed by using 
Kolmogorov-Smirnov test.  Descriptive statistics- 
frequencies and percentages were estimated for the 
variables true positive (TP), true negative (TN), false 
positive (FP) false negative (FN), gender and primary 
outcome. The contingency tables were analyzed 

2
using χ test and significance level was kept of 0.05. 
The Mann-Whitney U test was used to compare the 
means, because the data was not normally 
distributed. A contingency table of 2x2 was 
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constructed to calculate sensitivity, specificity, 
positive predictive value (PPV) and negative 
predictive value (NPV). The receiver operating 
characteristic (ROC) curve and likelihood ratio was 
measured to assess the discriminative ability. The 
values of area under the curve (AUC) > 0.8 were 
considered clinically significant. Appropriate cut-off 
points were calculated from ROC. The effect 
modifiers were controlled by stratification and post 
stratification. Diagnostic Accuracy (DA) of the two 
scores was measured.

Results
The total participants enrolled in the study were 223 
cases at different times for six months duration from 

st th
1  May 2017 to 30  Oct 2017. Out of these, 61% 
(n=136) were males and 39% (n=87) were females. 
The mean age was 52.4±13.95 years (18-80 years). 
The patients were designated by CTP scores at the 
time of enrollment. The obtained mean score was 
9.6±2.8 SD. Similarly, patients were also assigned 
MELD scores at admission to ward. The mean value 
MELD score was 19.3±6.7SD.
The patients were followed at six weeks via 
telephonic contacts and outcome was recorded for 
each patient. The 27% (n=60) were found dead and 
73% (n=163) were those who survived.  (figure 1) 

The percentages of TP, FP, FN, TN were calculated as 
77.42%, 22.58%, 7.45%, 92.54%, respectively.  And 
for MELD score (Table.3), the percentages of TP, FP, 
FN, TN were calculated to be 83.33%, 16.6%, 3.18%, 
and 96.81%, respectively.

Fig 1: Outcome at 6 weeks

The Mann-Whitney U-test was employed to see if 
any difference exists between the mean of two 
scores for predicting the outcome. The test results 
were statistically significant with p < 0.01 for both the 
score. There was also no statistically significant 
difference existed in observed and expected values 
in terms of outcome as evaluated by Chi square test 
(p = 0.20). The average values of MELD and CTP 
scores among survivors and non survivors are given 
in the Table 2.

The Model's performance and discriminatory ability 
were assessed by sensitivity and specificity analysis 
(Table 4).
The discriminatory ability of MELD score is better 
than CTP score in predicting mortally at six weeks for 
Acute Variceal Hemorrhage. The kappa (measure of 
agreement) value for MELD is good (k=0.82) but only 
fair for CTP score (k=0.70).

Patients were stratified with respect to age and 
gender, to determine discriminative ability of MELD 
and CTP scores (Table 5 and 6).
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The AUC for MELD score was 0.91 that depicts the best 

discriminative accuracy (figure 2).

Discussion
Selection of prognostically accurate score that can 
predict survival of patients of AVH at the time of 
admission as they are used to plan clinical 
management. It is extremely important to triage in 
resource limited settings where public hospitals are 
working out of their capacity owing to the 
exponential increase in the incidence of liver related 
diseases. It also limits the use of further 
interventions. Moreover, gastroenterologists can 
organize discussions with the families of the patients 
about the prognosis of the patients on evidence-
based grounds.
The MELD and CTP scores are commonly employed 
scores among many that are used to assess the 
prognosis of liver disease and its complications. The 
MELD and CTP scores are compared for their 
discriminating ability in wide range of settings, but 

1
the results are debatable.  Comparison of scores in 
patients of gastrointestinal hemorrhage and after 
TIPS are scrutinized in literature and the results have 
shown that in some studies MELD score is considered 
better while, in a few others, CTP score was found to 

7be better.

Fig 2: Receiver Operating Curve for MELD Score

The AUC for CTP score was 0.90, only slightly less 
than that for MELD.  (figure 3).
The cut-off points were generated from the 
coordinates of the curve and appropriate cut-off 
points were selected using Youden Index. The cut-off 
for MELD score was found to be 23.5 with Youden 
index of 0.80. The optimal cut-off point for CTP score 
was found to be 11.5 with Youden Index of 0.752. The 
total mortality due to AVH for both the scores was 
found to be 26.9%.

Fig 3: Receiver Operating Curve for CTP scores
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In this study, the primary outcome was six weeks 
mortality rate among cirrhotic patients with AVH of 
all severities. It was estimated 26.9%, which was 
slightly higher as compared to the reference study 
where child class C patients were enrolled and the 

3
mortality rate was 26%.  Moreover, they excluded 
the patients of hepatocellular carcinoma and portal 
vein thrombosis that were not excluded in this study. 
This probably contributed to somewhat high 
mortality in the current study. In an earlier study the 
prevalence was 23%, while in another study the 
mortality rate in re-bleeding cases was 38.3%, that is 

2
significantly higher.  This was probably because the 
patients with re-bleeding were at much advance 
stage in disease severity.
In current study, different parameters were selected 
to compare the scores like sensitivity, specificity, PPV, 
NPV, and likelihood ratios. ROC and AUC curves were 
depicted for both scores. The MELD score was 
established better regarding its prognostic and 
discriminative abilities as compared to CTP score. 
Various studies have been published to generate a 
best scoring system for prediction of mortality due to 
AVH. In these studies, multiple scores were assessed 
in different clinical settings like re-bleeding cases in 
Intensive Care Units (ICU's), and for patients with 
different disease severities like hepatocellular 
carcinoma and portal vein thrombosis.  These scores 
include those that predict liver disease severity in 
Outpatient Department and in critical patients.
In a study, MELD and CTP scores were compared with 
other scores used in critical care settings like Acute 
Physiologic Assessment and Chronic Evaluation II 
(APACHE II), Simplified Acute Physiology Score (SAPS 
II), and Sequential Organ Failure assessment (SOFA) 
scores. In this study, MELD score was found to be best 
with sensitivity of 100% and specificity of 81.3% The 
CTP score has sensitivity of 83.3%, and specificity of 
92%. The PPV of MELD score was though only 36.4%, 
which is much less than PPV of CTP score i.e., 52.6%. 
The AUC for MELD was 0.89 and for CTP was 0.91. On 
contrary, the PPV of MELD score in our study was. 
83.3% and of CTP score was 77.4%. Conflicting to the 
above-mentioned study, the AUC for MELD in our 
study was 0.91 that is better than that of CTP i.e., 
0.90. These differences might be due to the study 
settings i.e., ICU and inclusion of other scores which 

6perform much better in critical care settings.

In another study, Albumin, International normalized 
ratio (INR), mental status, systolic blood pressure, 
Age>65 years (AIMS65) score, APACHE II, SOFA 
scores were compared along with MELD and CTP and 
concluded AIMS65 as best predictor of mortality and 
MELD performing better than CTP score.  The 
sensitivity, specificity, PPV and AUC of MELD was 
87.5%, 83.9%, 28% and 0.88, respectively, while CTP 

9had 87.5%, 73.2%, 18.9% and 0.82 respectively. 
 Similarly, the two scores are extensively studied in 
cases of re-bleeding. Two recently published 
international and one local study have provided 
comparison of two scores in patients who were 
suffering from re- bleeding. One study only recorded 
MELD score in patients with rebleeding and 
hypovolemic shock and found that the value of MELD 
score ≥ 21.5 is a better predictor of six weeks 
mortality after band ligation. The use of Non-
Selective Beta Blockers (NSBBs) is associated with 
lower six weeks mortality. The sensitivity, specificity, 
PPV, NPV of MELD calculated in this study were 78%, 

281%, 72% and 82%, respectively.
The value of MELD score >18, presence of 
hepatocellular carcinoma with portal vein 
thrombosis (PVT), active hemorrhage or white nipple 
sign visualization were best predictors of mortality 

8
up to six weeks after AVH in another study.  The 
MELD, CTP, and Rockall scores were compared for 
estimating risk of re-bleeding and in hospital 
mortality and the AUC for predicting re-bleeding was 
calculated 0.419 for MELD, 0.52 for CTP, and 0.803 

4for Rockall.
The CTP score was also established as a best 
stratifying risk factor for AVH in one of the studies. 
Both scores were found to be independent 
predictors of six weeks mortality. Although the AUC 
for MELD score (0.79) is greater than that for CTP 
(0.75), but it was not significant (p=0.27). The 
agreement between observed and predicted risk of 
six weeks mortality was best for CTP score (p=0.45) 
and intermediate disagreement was reported for 

3MELD score (p=0.02).
This discussion would be incomplete without 
mentioning the results of a metanalysis published 
February 2016, which presented a systemic review of 
all the observational studies that compared MELD 
and CTP scores in AVH in terms of six weeks mortality. 
Of the 1095 studies, 119 were selected for this 
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metanalysis. The 269 comparisons were done, of 
which 44 preferred MELD score, 16 were in favor of 
CTP score, 99 studies did not report any difference 
that was statistically significant. The Child–Pugh 
score was found to be more sensitive and less 
specific than MELD score in acute-on- chronic liver 
failure (ACLF) cases. The MELD score was found 
highly sensitive but had a smaller negative likelihood 
ratio than CTP score for critically ill cases but for 
surgery candidates CTP score is more specific than 

1
MELD score.

Conclusion
In this study important confounding factors like type 
of management and interventions within six weeks, 
in-hospital mortality, rebleeding, severity of disease 
at time of admission, factors worsening natural 
history of disease like HCC and portal vein 
thrombosis are not considered. The need of 
intensive care unit is not mentioned as only in-
patient cases were enrolled. Also, the measurement 
of Hepatic Venous Pressure Gradient (HVPG) could 
not be arranged due to limited resources.
Keeping in view   these limitations, following are few 
recommendations that should be considered for 
future studies. In-hospital mortality of AVH and re-
bleeding are two other important factors which 
could be looked into with MELD and CTP scores. This 
was an observational study, further cohort and 
interventional studies are required to establish for 
the best scores for providing management 
guidelines. The treatment options and prophylaxis 
offered must be considered in future studies, so that 
a proper follow ups and early interventions can be 
planned. The need for ICU admission must be 
identified and other scores that are used in critical 
care settings must be considered and compared with 
MELD and CTP scores to further triage the patients 
on the basis of severity. The other medical and liver 
related conditions must be taken into account and 
all-causes of mortality should be the part of the 
studies, as these can be important contributing 
factors. The knowledge of the patients and history 
regarding variceal hemorrhage, treatment options 
available, natural history and prognosis with and 
without treatment must be further explored. Finally, 
proper diagnosis, monitoring of Hepatic Venous 
Pressure Gradient (HVPG)and its impact on six weeks 
mortality must be the part of future studies, for their 

cost effectiveness.
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