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Background/Aims: The role of model for end-stage liver disease (MELD) among Indian patients with cirrhosis is
uncertain. We studied and compared MELD with Child-Turcotte-Pugh (CTP) and creatinine-modified-CTP
(CrCTP) scores for predicting 1-, 3-, and 6-months mortality. Methods: One-hundred and two patients with cir-
rhosis were studied. The CrCTP was calculated by adding creatinine score of 0, 2 and 4 with creatinine levels
of <1.2mg/dL, 1.3-1.8 mg/dL and >1.9mg/dL, respectively to CTP score. Survival curves were plotted and re-
ceiver operating characteristics (ROC) curves were used to compare the scores. Predictors of mortality were
analyzed using Cox proportional hazards model. Results: Scores of CTP, CrCTP, and MELD have excellent diag-
nostic accuracy for predicting mortality (c-statistics >0.85). The MELD was superior to CTP for predicting
3-months [c-statistic and 95% confidence interval, 0.967 (0.911-0.992) vs 0.884 (0.806-0.939)] and 6-months
[0.977 (0.925-0.996) vs 0.908 (0.835-0.956)] mortality (P=0.05), while CrCTP [0.958 (0.899-0.988)] was better
than CTP for predicting 3-months mortality (P=0.02). Serum creatinine (hazard ratio 4.43, P<0.0001) is a
strong independent predictor of mortality. Conclusion: The MELD accurately predicts mortality in cirrhosis and
is better than CTP for predicting the short-term and intermediate-term mortality. Adding serum creatinine to
CTP though significantly improves its diagnostic accuracy for short-term mortality; however, it remains lower
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than MELD alone. (J CLiN Exp HEpATOL 2011;1:161-168)

rognosis in cirrhotic patients has had a resurgence
of interest because of liver transplantation and new
therapies for complications of end-stage cirrhosis.
On February 27, 2002, the system of organ allocation for
liver transplantation in the United States changed to a
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‘sickest first’ approach, with priority based on model
for end-stage liver disease (MELD).}* The MELD score,
originally developed to predict 3-months survival in cir-
rhotic patients undergoing transjugular intrahepatic porto-
systemic shunt (TIPSS),>* has been shown to be a valid,
independent predictor of short-term as well as long-term
survival for both outpatients and hospitalized patients
with cirrhosis due to a broad spectrum of liver disease
across the USA and Europe.”™ Although MELD score has
shown to be better than Child-Turcotte-Pugh (CTP) score
in predicting mortality among cirrhotic patients,” ! not
all studies obtained the same positive results,'>~!* and the
MELD score did not show higher accuracy as compared
with the CTP® or to other prognostic scores'>17 in other
subsets of cirrhotic patients. Nevertheless, MELD is par-
ticularly attractive as a basis for organ allocation because
its components—serum creatinine, bilirubin and interna-
tional normalized ratio (INR)—are objective measurements
not readily subject to bias or manipulation.!® The advan-
tage of MELD over CTP system relies on the use of objective
parameters, generalizability of the score across different
centers, lack of ceiling effect of the variables used in the
score, and the inclusion of serum creatinine value in the
score.’®1? Indeed, serum creatinine level proved to be an
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independent predictor of survival in cirrhotic patients
during the natural course of the disease as well as during
acute complications.12’20'22 It was shown that the addition
of serum creatinine to original CTP score (creatinine-
modified [crCTP]) improved its diagnostic accuracy in pre-
dicting the short-term mortality, but MELD score was
shown to have a prognostic yield that was better than CTP
or crCTP scores.®

There are little data on the role of MELD in assessing
prognosis in Indian patients with cirrhosis.!® This study
prospectively examined the cohort of cirrhotic patients
and compared the predictive abilities of MELD, CTP, and
CrCTP scores for 1-, 3-, and 6-months mortality.

PATIENTS AND METHODS

We performed a prospective study on 107 consecutive
patients attending the Liver Clinic and the inpatients ad-
mitted in the Department of Hepatology, Postgraduate
Institute of Medical Education and Research, a tertiary
level healthcare center at Chandigarh, India, with the di-
agnosis of cirrhosis of liver based on clinical, biochemical,
ultrasound, and/or endoscopic findings.*>** The Ethics
Committee of the Institute approved the study. Etiology
work-up of cirrhosis including alcohol, chronic hepatitis B
and C, nonalcoholic steatohepatitis, and cryptogenic was
performed as described in our previous study.>>**

These patients were enrolled into the study after ob-
taining an informed consent. Three patients with hepato-
cellular carcinoma and two with acute liver failure were
excluded from the study. Thus, 102 consecutive patients
with cirrhosis were analyzed in the final cohort.

Patients were investigated for liver functions [serum
bilirubin, aspartate aminotransferase (AST), alanine amino-
transferase (ALT), serum alkaline phosphates, total protein,
albumin, prothrombin time, (INR)], renal functions (serum
creatinine and urea), serum electrolytes (sodium and po-
tassium), and for other appropriate laboratory data (hemo-
globin, platelet count, etc.). Complications of liver disease
such as hepatic encephalopathy, ascites, and variceal bleed
were also recorded. Diagnosis of encephalopathy was made
using the criteria of West Haven,® after excluding head
trauma, drug intoxication, and concurrent metabolic or
endocrine disorders and graded from grades 1-4. The pres-
ence of ascites was detected clinically or by ultrasonography
and graded from mild through moderate to severe.

Spontaneous bacterial peritonitis was diagnosed in
patients with ascitic fluid neutrophil count >250/mL
and/or positive ascitic fluid culture.?® In the initial visit
itself MELD, CTP, and CrCTP scores were calculated. The
MELD score was calculated using website calculator
(http://www.mayoclinic.org/meld/mayomodel6.html)
and CrCTP was calculated as follows: a creatinine score
of 0, 2, and 4 was assigned to patients with serum creati-
nine values of <1.2mg/dL, 1.3-1.8 mg/dL, and >1.9 mg/dL,
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respectively.9 The CrCTP was then calculated by adding
each patient’s creatinine score to their CTP score. Survival
was calculated from the date of first clinical contact.
Mortality data were obtained from hospital records or by
telephonic communication.

Statistical Analysis

Kaplan-Meier estimates of survival were obtained for
CrCTP and MELD categories with log-rank tests used to
compare the survival by different category. Cox propor-
tional hazards model was used to evaluate the impact of
the above scores as a continuous scale. A multivariable Cox
proportional hazards regression model was constructed
to identify the independent predictors of mortality. Hazard
ratio with 95% confidence intervals (CI) was reported.
Receiver operating characteristics (ROC) curves were plot-
ted and the area under curve (AUC) was used to measure
the accuracy and compare the performance of CTP, CrCTP,
and MELD scores in predicting 1-, 3-, and 6-months mor-
tality for entire cohorts. The concordance c-statistic (equiv-
alent of AUC) was used to evaluate the performance.?” The
c-statistic may vary from 0 to 1, with 1 indicating perfect
discrimination and 0.5 indicating what is expected by
chance alone. Any c-value of >0.7 is considered as a useful
diagnostic test with value >0.8 indicating a good diagnos-
tic test. For this analysis, death within 1, 3, or 6 months,
respectively, was recorded as an event. The c-statistic was
applied for 1 month, 3 months, and 6 months survival for
these variables. Comparison of the areas under the ROC
curves was done by utilizing the standard errors estimated
using the method of Hanley and McNeil 28

RESULTS

Table 1 shows the baseline demographic profile and clini-
cal characteristics. Mean age of the patients was 47.8 years
and males constituted 87.3%. Alcohol was the most com-
mon etiology of cirrhosis constituting 44.1% of all patients
(Table 1). Cryptogenic cirrhosis was the next common
cause (21.6%), while hepatitis C virus (HCV) and hepatitis
B virus (HBV) accounted for 17.6% and 13.7%, respectively.
Ascites was the single-most common cause of presenta-
tion (69.6%) and 25.5% of patients had a variceal bleed. All
of the patients with alcohol-related cirrhosis were males,
whereas females constituted 22.8% among nonalcoholic
group. A total of 11 (10.8%) and 24 (23.5%) patients dev-
eloped spontaneous bacterial peritonitis and hepatic
encephalopathy, respectively. There was no significant dif-
ference in the demographic profile and clinical character-
istics between patients with alcohol-related cirrhosis and
those without this etiology (Table 1).

Twenty-seven (26.5%) patients died during follow-up
period of 6 months with 13 (12.7%) deaths during the first
month and 21 (20.6%) deaths during a 3-months period.
Fifteen (33.3%) patients with alcohol-related cirrhosis,
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Table 1 Baseline demographics and clinical characteristics of the enrolled patients.

Variables Total patients enrolled Patients with alcohol-related Patients with non-alcoholic
(n=102) cirrhosis (n=45) cirrhosis (n=57)
Mean (95% CI) or % Mean (95% CI) or %

Age (yr) 47.8 (45.5-50.1) 47.4 (44.5-50.2) 48.2 (44.7-51.7)
Gender

Male 89 (87.3%) 45 (100%) 44 (77.2%)
Etiology

Alcohol-related cirrhosis 5 (44.1%)

HBV 4 (13.7%) 14 (24.6%)

HCV 8 (17.6%) 18 (31.6%)

BCS 3 (2.9%) 3 (5.3%)

Cryptogenic 2 (21.6%) 22 (38.6%)
Ascites 1 (69.6%) 35 (77.8%) 36 (63.2%)
SBP 1 (10.8%) 6 (13.3%) 5 (8.8%)
Hepatic encephalopathy 4 (23.5%) 14 (31.1%) 0 (17.5%)
Variceal bleed 6 (25.5%) 14 (31.1%) 2 (21.1%)
AST (IU/L) 36.9 (32.8-41.2) 31.3 (26.1-36.4) 41.5 (35.2-47.7)
ALT (lU/L) 29.9 (25.5-34.2) 23.5(18.6-28.4) 34.9 (28.3-41.5)
Albumin (mg/dL) 3.08 (2.9-3.2) 3(2.8-3.2) 1(2.9-3.3)
Bilirubin (mg/dL) 2.89 (2.2-3.6) 3(2.2-3.9) 8 (1.6-3.9)
PT prolonged (sec) 9 (6.6-9.2) 9 (7.2-10.9) 7 (5.1-8.8)
INR 8 (1.7-2) 2(1.8-2.2) 7 (1.5-1.9)
Creatinine (mg/dL) 1.36 (1.2-1.5) 1.5(1.2-1.7) 2 (1-1.5)
Sodium (mEq/L) 136.0 (135.1-137) 135.4 (134-136.9) 136.5 (135.3-137.7)
MELD 17.7 (16.1-19.4) 19.8 (17.4-22.1) 16.1 (13.8-18.4)
CTP 5 (9-10) 10.2 (9.5-10.9) 9 (8.2-9.6)
CrCTP 10.5(9.8-11.1) 11.4 (10.4-12.4) 7 (8.8-10.6)

Data are presented as mean (95% CI) or %.

Cl: confidence interval; HBV: hepatitis B virus; HCV: hepatitis C virus; BCS: Budd—Chiari syndrome; SBP: spontaneous bacterial peritonitis;
AST: aspartate aminotransferase; ALT: alanine aminotransferase; PT: prothrombin time; INR: international normalized ratio; MELD: model for
end-stage liver disease; CTP: Child—Turcotte—Pugh; CrCTP: creatinine-modified CTP.

4 (28.6%) patients with HBV-related cirrhosis, 2 (11.1%)
patients with HCV-related cirrhosis, 5 (22.7%) patients
with cryptogenic cirrhosis, and 1 (33.3%) patient with Budd-
Chiari syndrome (BCS) died during the 6-months follow-
up. All the patients with MELD score above 30 and CrCTP
score above 16 died while 86.7% of patients with CTP score
of 13 and above had died at 6 months.

Analysis by Cox Hazards Model

Univariate analysis of clinical variables and the severity
scores for predicting 1-, 3-, and 6-months mortality using
Cox proportional hazards model are shown in Tables 2
and 3. This model showed the association of CTP, CrCTP,
and MELD with mortality throughout the follow-up. To
choose a small set of variables that can independently pre-
dict the survival, multivariate Cox proportional hazards
model was applied using the variables from univariate analy-
sis that had shown to be significantly (P<0.05) associated
with mortality (Table 4). Using this model, serum creati-
nine was found to be a strong independent predictor of

mortality throughout the follow-up. Multivariate analysis of
different scores showed that MELD and CrCTP were strong
independent predictors of mortality at 3 and 6 months.
However, CrCTP was shown to be the only significant, inde-
pendent predictor of 1-months mortality (Table S).

Analysis of Receiver Operating Characteristics
Curves

To further assess the prognostic utilities of different scores,
ROC curves were plotted and c-statistics was calculated
using AUC. The ROC curves for CTP, MELD, and CrCTP
and their comparisons for predicting mortality at 1-, 3-,
and 6-months for all the patients with cirrhosis are shown
in Figure 1. The c-statistics for all the scores was >0.85 in-
dicating excellent predictive accuracy. The AUC of MELD
was better than the AUC of CTP in predicting 3 months
[c-statistics 0.967 (95% CI 0.911-0.992) vs 0.884 (95% CI
0.806-0.939); P=0.05] and 6 months [c-statistics 0.977
(95% CI 0.925-0.996) vs 0.908 (95% CI 0.835-0.956);
P=0.05] mortality, while CrCTP score [c-statistics 0.958
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Table 2 Univariate analysis of variables.

Variables 1-month 3-months 6-months

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Age 1.02 (0.97-1.07) 0.456 1.01 (0.98-1.05) 0.492 0 (0.97-1.04) 0.689
Gender 3 (0.29-5.89) 0.729 1.19 (0.35-4.06) 0.776 0.89 (0.27-2.94) 0.844
Etiology 0.34 (0.1-0.01) 0.07 0.67 (0.29-1.58) 0.365 0.59 (0.27-1.26) 0.171
SBP 9.97 (3.33-29.83) <0.0001 6.88 (2.75-17.18) <0.0001 6.28 (2.73-14.47) <0.0001
HE 6.26 (2.04-19.17) 0.001 5.81 (2.44-13.84) <0.0001 4.29 (2.01-9.16) 0.001
Variceal bleed 1.32 (0.41-4.28) 0.645 0.93 (0.34-2.54) 0.889 0.84 (0.34-2.08) 0.709
Albumin 0.42 (0.18-0.99) 0.047 0.43 (0.21-0.85) 0.015 0.48 (0.26-0.88) 0.019
Bilirubin 1.19 (1.1-1.28) <0.0001 1.18 (1.11-1.26) <0.0001 2(1.13 -1.27) <0.0001
INR 2.01 (1.43-2.83) <0.0001 2.19 (1.68-2.86) <0.0001 2.37 (1.85-3.04) <0.0001
Creatinine 4.17 (2.59-6.72) <0.0001 5.14 (3.17-8.33) <0.0001 4.76 (3.06-7.41) <0.0001
Sodium 0.98 (0.87-1.1) 0.721 0.97 (0.88-1.06) 0.496 0.98 (0.9-1.07) 0.697

HR: hazard ratio; Cl: confidence interval; HE: hepatic encephalopathy; SBP: spontaneous bacterial peritonitis; INR: international normalized
ratio.

Gender-risk of death, males compared with females; etiology-risk of mortality, alcoholic-related cirrhosis compared with nonalcoholic cirrhosis;
SBP, HE and variceal bleed, risk of mortality associated with the presence of these complications compared with their absence; bilirubin, INR
and creatinine—applied as a continuous scale and hazard ratio is shown as risk of mortality associated with each unit increase in these
variables; albumin and sodium—applied as continuous scale and hazard ratio is shown as risk of mortality associated with each unit
decrease in these variables.

Table 3 Univariate analysis of the different scores.

Scores 1-month 3-months 6-months

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
MELD 1.17 (1.11-1.24) <0.0001 1.21 (1.15-1.27) <0.0001 1.23 (1.17-1.29) <0.0001
CTP 1.77 (1.37-2.27) <0.0001 1.72 (1.42-2.08) <0.0001 1.73 (1.47-2.04) <0.0001
CrCTP 1.78 (1.42-2.25) <0.0001 1.96 (1.58-2.43) <0.0001 1.88 (1.57-2.25) <0.0001

HR: hazard ratio; Cl: confidence interval; MELD: model for end-stage liver disease—applied as continuous score; CTP: Child—Turcotte—Pugh
score (range 5-15); CrCTP: creatinine-modified CTP (range 5-19).
Hazard ratio is shown as risk of mortality associated with each unit increase in the score.

Table 4 Multivariate analysis of variables (model 1) and scores (model 2).

Model 1-month 3-months 6-months
HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Model 1
SBP 1.18 (0.23-6.14) 0.845 0.79 (0.19-3.23) 0.738 0.97 (0.28-3.38) 0.956
HE 3.44 (0.68-17.27) 0.134 2.4 (0.7-8.21) 0.163 1.73 (0.61-4.88) 0.301
Albumin 1.18 (0.39-3.58) 0.771 1.25 (0.51-3.05) 0.62 1.41 (0.68-2.93) 0.351
Bilirubin 1.08 (0.93-1.25) 0.319 1.05 (0.94-1.17) 0.379 1.05 (0.95-1.16) 0.299
INR 1.53 (0.72-3.23) 0.266 2.11 (1.21-3.7) 0.009 2.53 (1.56-4.11) <0.0001
Creatinine 3.12 (1.55-6.3) 0.001 4.68 (2.36 -9.28) <0.0001 4.43 (2.32-8.47) <0.0001
Model 2
MELD 1.06 (0.97-1.16) 0.22 1.09 (1.01-1.18) 0.02 1.14 (1.06-1.22) <0.0001
CTP 0.97 (0.59-1.59) 0.91 0.85 (0.58-1.23) 0.39 0.99 (0.72-1.34) 0.93
CrCTP 1.57 (1.0-2.48) 0.05 1.78 (1.23-2.57) 0.002 1.48 (1.09-2.02) 0.01

HR: hazard ratio; Cl: confidence interval; SBP: spontaneous bacterial peritonitis; HE: hepatic encephalopathy; INR: international normalized
ratio; MELD: model for end-stage liver disease—applied as continuous score; CTP: Child—Turcotte—Pugh score (range 5-15); CrCTP: creatinine-
modified CTP (range 5-19).

Hazard ratio is shown as risk of mortality associated with each unit increase in the score; SBP and HE, risk of mortality associated with the
presence of these complications compared with their absence; bilirubin, INR and creatinine—applied as a continuous scale and hazard ratio
is shown as risk of mortality associated with each unit increase in these variables; albumin—applied as continuous scale and hazard ratio is
shown as risk of mortality associated with each unit decrease in these variables.
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Table 5 Comparisons of model for end-stage liver disease and creatinine-modified Child—Turcotte—Pugh score with Child-
Turcotte—Pugh score in predicting 1-, 3-, and 6-months mortality among alcohol-related and nonalcoholic cirrhosis.

MELD

CrCTP CTP

1-month mortality
Non-alcoholic
Alcohol-related

0.910 (0.804-0.969; *P=0.62)

0.944 (0.832-0.990; *P=0.29)

3-months mortality
Non-alcoholic
Alcohol-related

0.980 (0.901-0.997; *P=0.15)

0.955 (0.847-0.993; *P=0.18)

6-months mortality
Non-alcoholic
Alcohol-related

0.972 (0.890-0.996; *P=0.22)
0.993 (0.908-1.000; *P=0.08)

0.851 (0.732-0.932)
0.875 (0.742-0.954)

0.939 (0.842-0.984; TP=0.12)
0.920 (0.799-0.979; TP=0.32)

0.896 (0.786-0.961)
0.874 (0.741-0.954)

0.969 (0.885-0.996; TP=0.11)
0.940 (0.826-0.988; TP=0.14)

0.911 (0.805-0.970)
0.904 (0.779-0.971)

0.963 (0.876-0.994; TP=0.18)
0.916 (0.793-0.977; TP=0.77)

MELD: model for end-stage liver disease; CrCTP: creatinine-modified Child—Turcotte-Pugh score; CTP: Child—Turcotte—Pugh score; c-statistics

(95% confidence interval) are reported.
*P value between MELD and CTP.
TP value between CrCTP and CTP.

e

T T T 1
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Figure 1 Receiver operating characteristics curves for MELD, CTP, and CrCTP scores with reference line showing the comparison of different
score AUCs in predicting 1-month (A), 3-months (B), and 6-months (C) mortality. (A) C-statistics of CTP 0.875 (95% Cl 0.794-0.932), CrCTP
0.925 (95% CI 0.856-0.968), and MELD 0.920 (95% CI 0.849-0.964) in predicting 1-month mortality; P value—CrCTP vs CTP=0.16, MELD
vs CTP=0.44, and CrCTP vs MELD=0.9. (B) C-statistics of CTP 0.884 (95% CI 0.806-0.939), CrCTP 0.958 (95% CI 0.899-0.988), and MELD
0.967 (95% Cl 0.911-0.992) in predicting 3-months mortality; P value—CrCTP vs CTP=0.02, MELD vs CTP=0.05, and CrCTP vs MELD=0.73.
(C) C-statistics of CTP 0.908 (95% CI 0.835-0.956), CrCTP 0.946 (95% Cl 0.883-0.981), and MELD 0.977 (95% CI 0.925-0.996) in predicting
6-months mortality; P value—CrCTP vs CTP=0.15, MELD vs CTP=0.05, and CrCTP vs MELD=0.22.

AUC: area under curve; MELD: model for end-stage liver disease; CTP: Child—Turcotte-Pugh; CrCTP: creatinine-modified CTP.

(95% CI 0.899-0.988)] showed better predictive accuracy
than CTP score at 3 months (P=0.02). A cut-off point in
the ROC curve of MELD was chosen to give the best sensi-
tivity and specificity. A MELD score >20 had a sensitivity
and specificity of 92.3% and 79.8% at 1-months mortality,
95.2% and 87.6% at 3 months and 92.6% and 93.3% at
6 months, respectively. The ROC curves were further
plotted to compare these scores between alcoholic and
nonalcoholic cohorts.

Survival Analysis Using Kaplan-Meier Curves

Patients were grouped into different categories according
to their CrCTP and MELD scores and analyzed using
Kaplan-Meier survival curves. Kaplan-Meier survival curves
for various categories in predicting mortality are shown
in Figures 2 and 3. Higher scores were associated with
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decreased survival; in pairwise comparisons using log-rank
test, all categories were significantly different from each
other. Patients with cirrhosis and renal failure (serum cre-
atinine levels above 1.5 mg/dL) were shown to have higher
mortality than patients without renal failure (P<0.0001)
(Figure 4).

DISCUSSION

Our study being a prospective study utilizing large cohort
of Indian patients with broad spectrum of cirrhosis dem-
onstrated that MELD has excellent diagnostic accuracy in
predicting very short (1 month), short (3 months), and
intermediate-term (6 months) mortality with a good sen-
sitivity and specificity. Demonstration of the validity of
MELD in predicting the short-term survival among pa-
tients with cirrhosis of liver expands and broadens the
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Figure 2 Kaplan—-Meier survival curves for creatinine-modified Child—
Turcotte-Pugh score (CrCTP), predicting increased mortality with higher
CrCTP categories. Categories: 1=CrCTP<10, 2=CrCTP 11-14,
3=CrCTP>15. Pairwise comparisons: 1 vs 2, P<0.0001; 1 vs 3,
P<0.0001; 2 vs 3, P<0.0001.
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Figure 3 Kaplan-Meier survival curves for model for end-stage liver
disease (MELD), predicting increased mortality with higher MELD
categories. Categories: 1=MELD<18,2=MELD 19-28, 3=MELD>29.
Pairwise comparisons: 1 vs 2, P<0.0001; 1 vs 3, P<0.0001; 2 vs 3,
P<0.0001.

utility of MELD for the objective assessment of patients
with cirrhosis of liver. All the variables used in the MELD
score were also strongly associated with mortality. The
discriminant ability of MELD was demonstrated when the
score was grouped into different categories and showed
that each MELD category was significantly different from
other. Since its introduction, MELD has been studied ex-
tensively to evaluate its predictive accuracy in chronic liver
disease. One such study has shown MELD to be a useful
tool in predicting 3 months and 1-year mortality among
both outpatients and inpatients with cirrhosis.® The same
study also showed that MELD had a weaker predictive abil-
ity for long-term mortality. We have demonstrated that
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Figure 4 Mortality differs by renal failure in patients with cirrhosis.
Kaplan—-Meier analysis shows patients with cirrhosis and renal failure

had significantly higher mortality than those with cirrhosis but no renal
failure (P<0.0001) throughout the follow-up.

MELD score can significantly predict mortality with an
excellent diagnostic accuracy which was shown by the
c-statistics (0.920,0.967,and 0.977 for 1-, 3-,and 6-months
mortality, respectively). This accuracy was much better than
the previous findings in other retrospectively evaluated
cohorts of patients with decompensated cirrhosis.>’ A cut-
oftf MELD score of >20 was shown to have very high NPV
(98.6%, 98.6%, and 97.2%) and sensitivity (92.3%, 95.2%,
and 92.6%), indicating that it is a very good predictor of
1-, 3-, and 6-months survival.®

We have shown that MELD is significantly superior to
CTP for predicting 3- and 6-months mortality. Previous
studies have demonstrated MELD and CTP to be equiva-
lent in predicting the short- and intermediate-term mor-
tality in patients with cirrhosis and those undergoing TIPS
while others have shown MELD to have superior predic-
tive accuracy for 12- and 24-months survival>=>% In this
study, we have not only shown that MELD as a disease se-
verity index is superior to CTP for both short-term and
intermediate-term, but also demonstrated excellent diag-
nosticaccuracy of MELD in predicting 1-,3-,and 6-months
mortality (c-statistics 0.920, 0.967, and 0.977, respectively).
One reason for the superior predictive ability of MELD
compared with CTP is the inclusion of serum creatinine.
Previous studies have shown serum creatinine to be strongly
associated with mortality in patients with liver cirrhosis
of varied etiology with or without complications of liver
disease.!»!-%! Indeed, in our study, serum creatinine lev-
els were shown to be a strong independent predictor of
mortality throughout the follow-up period. Patients of
cirrhosis with creatinine level above 1.5mg/dL separated
the patients who are at increased risk of death.

In theory including an independent predictor of sur-
vival to any score should increase the diagnostic accuracy
of that score. By including serum creatinine to the original

© 2011, INASL



JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

CTP, we analyzed whether it could increase its predictive
accuracy. On comparison using ROC curves, we found
that CrCTP was better than CTP in predicting 3-months
mortality with excellent diagnostic accuracy throughout
the follow-up period. The discriminant ability of the
CrCTP was also evident when the score was separated into
different categories and analyzed using the Kaplan-Meier
survival curves. In the past, studies which have analyzed
the inclusion of serum creatinine to CTP have also dem-
onstrated similar predictive advantages.>* However, the
prognostic accuracy (c-statistics 0.925, 0.958, and 0.946
for 1-, 3-, and 6-months mortality) obtained from our
study was better than that from the previous studies. The
level of serum creatinine was found to be a prognostic
marker even in patients with good liver synthetic function
and normal renal function. It has been shown in the past
that in patients who achieved therapeutic benefit from
TIPS, serum creatinine levels were found to be an indepen-
dent predictor of death.'” Hence, by adding this strong
predictor of survival to CTP, we have demonstrated its
excellent diagnostic accuracy and superiority over CTP
for predicting very short-, short-, and intermediate-term
mortality in cirrhotic patients.

The other advantage of CrCTP over CTP score would
be the better discriminative ability than CTP, i.e., creatinine-
modified CTP score provides broader range (range 5-19)
than that of CTP (range 5-15). This broader scale could
discriminate the severity of liver disease better than the
much narrower scale of traditional CTP. This strong pre-
dictive accuracy of creatinine-modified CTP which is bet-
ter than CTP combined with its ease of application at the
bedside without the need for sophisticated calculation may
justify its wider use in day-to-day clinical practice. Thus,
CrCTP which takes into account most of the complica-
tions of cirrhosis including ascites, hepatic encephalopa-
thy (unlike MELD), and renal dysfunction (unlike CTP)
can be used as a prognostic index which can accurately
reflect the severity of the underlying liver disease. This
accuracy could challenge the predictive power of MELD as
disease severity index in cirrhotic patients. However, though
addition of serum creatinine to CTP could better the ac-
curacy of CTP, our study did not show better accuracy for
CrCTP than that provided by MELD and supports the ob-
servations reported earlier.® This shows that the superior
diagnostic result of MELD is not only related to the pres-
ence of serum creatinine but also to the absence of subjec-
tive criteria and the consistency of the use of objective
laboratory parameters. One such parameter included in the
MELD score is INR which has shown to be the predictor
of mortality in cirrhosis.® In our study, INR along with
serum creatinine was a strong independent predictor of
3- and 6-months mortality. Moreover, the dynamic nature
of MELD score, which is expressed within a continuous
scale of 34 points, improves the discriminatory ability and
thus accurately predicts the severity of cirrhosis without

producing a ceiling effect unlike CTP. In our study, we
have demonstrated that the occurrence of complications
related to portal hypertension like variceal bleed does not
predict mortality in these patients either at short-term
or intermediate-term. The MELD in previous studies has
also shown to predict the mortality independent of the oc-
currence of complications of portal hypertension like vari-
ceal bleed.>3! Hepatic encephalopathy and spontaneous
bacterial peritonitis are the major complications of cirrho-
sis and past studies on MELD have shown no correlation
between MELD and the occurrence of these complications
in terms of outcome prediction.>?

CONCLUSION

We have validated MELD as an excellent prognostic marker
for very short-, short-, and intermediate-term mortality
among patients with cirrhosis due to varied etiology. Prog-
nostic accuracy of MELD is better than CTP in predicting
short- and intermediate-term mortality and the inclu-
sion of serum creatinine to CTP improves its predictive
accuracy which justifies its wider use in day-to-day clinical
practice. Finally, MELD score has maintained excellent
diagnostic accuracy in both alcoholic and nonalcoholic
groups of patients with cirrhosis of liver.
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