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Abstract

AIM: Model of End-stage Liver Disease (MELD) score has
recently gained wide acceptance over the old Child-Pugh
score in predicting survival in patients with decompensated
cirrhosis, although it is more sophisticated. We compared
the predictive values of MELD, Child-Pugh and creatinine-
modified Child-Pugh scores in decompensated cirrhosis.

METHODS: A cohort of 102 patients with decompensated
cirrhosis followed-up for a median of 6 mo was studied.
Two types of modified Child-Pugh scores estimated by
adding 0-4 points to the original score using creatinine
levels as a sixth categorical variable were evaluated.

RESULTS: The areas under the receiver operating charac-
teristic curves did not differ significantly among the four
scores, but none had excellent diagnostic accuracy (areas:
0.71-0.79). Child-Pugh score appeared to be the worst, while
the accuracy of MELD was almost identical with that of
modified Child-Pugh in predicting short-term and slightly
better in predicting medium-term survival. In Cox regression
analysis, all four scores were significantly associated with
survival, while MELD and creatinine-modified Child-Pugh
scores had better predictive values (c-statistics: 0.73 and
0.69-0.70) than Child-Pugh score (c-statistics: 0.65).
Adjustment for gamma-glutamate transpeptidase levels
increased the predictive values of all systems (c-statistics:
0.77-0.81). Analysis of the expected and observed survival
curves in patients subgroups according to their prognosis
showed that all models fit the data reasonably well with
MELD probably discriminating better the subgroups with
worse prognosis.

CONCLUSION: MELD compared to the old Child-Pugh and
particularly to creatinine-modified Child-Pugh scores does

not appear to offer a clear advantage in predicting survival
in patients with decompensated cirrhosis in daily clinical
practice.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

The poor survival of  patients with decompensated cirrhosis
has driven physicians to a constant search for good prognostic
markers[1,2]. The need for improvement in the accuracy of
prognosis in this setting has increased in the current era of
the expansion of  orthotopic liver transplantation (OLT) and
the parallel increasing discrepancy between the numbers of
OLT candidates and the numbers of  available donor livers[2,3].
Indeed, patients with decompensated cirrhosis who are potential
OLT candidates should enter into the transplant waiting lists
neither too early nor too late, since early OLTs take away
livers from candidates who are very sick and with more
urgent indications and late OLTs are associated with worse
outcomes[4].

The old Child-Turcotte classification[5] and the subsequently
modified Child-Pugh score (CP score)[6] have been the most
widely applied prognostic markers in patients with decom-
pensated cirrhosis mainly due to their simplicity for use in
daily clinical practice[2,7,8]. The determination of  CP score,
which may range from 5 to 15, is based on the presence and
severity of ascites and hepatic encephalopathy, the prolongation
of prothrombin time, and the levels of serum bilirubin and
albumin. According to their CP scores, patients are classified
into three classes (Child class A, B, and C with CP scores 5-6,
7-9, and 10-15, respectively)[6]. The predictive value of the
CP score has been shown in many studies in the past[2,9], but
the inclusion of two subjective variables (ascites and enceph-
alopathy) with the inevitable interobserver variation and
the need for even better prognosis have prompted the search
for more objective and more accurate prognostic markers
in this setting[2].
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During the last two decades, several scoring systems or
prognostic instruments have been proposed for predicting
survival in patients with decompensated cirrhosis[10-13], but
none gained wide acceptance until the recent development
of the Mayo Clinic Model of End-stage Liver Disease
(MELD)[2,14,15]. MELD score[16], which was initially developed
for predicting survival in patients undergoing transjugular
intrahepatic portosystemic shunts (TIPS)[17], has been suggested
to provide more accurate prognosis than CP score in patients
with decompensated cirrhosis and therefore to improve the
estimation of priority for liver grafts allocation[2,16]. MELD
score calculation is based on the etiology of  cirrhosis and three
simple and objective laboratory variables, serum bilirubin, serum
creatinine and prothrombin time expressed as international
normalized ratio (INR), but it includes logarithmic transfor-
mations and multiplication by several factors being
substantially more sophisticated than that of the CP score[6,17].
Moreover, it has been suggested that it may be difficult to
reconcile clinical impression with MELD score[8]. Recently,
a modified CP score taking into account serum creatinine
levels was also evaluated in patients undergoing TIPS[18], since
renal function in patients with decompensated cirrhosis
has been shown to affect post-TIPS or post-transplant
survival[19-21] and no renal parameter was included in the
original CP score.

The aim of this study was to compare the accuracy of
MELD, CP, and modified CP score for predicting short-
term and medium-term survival in patients with decompensated
cirrhosis.

MATERIALS AND METHODS

We retrospectively studied 102 patients with decompensated
cirrhosis, who were admitted to our department between
June 1998 and May 2000. Patients with hepatocellular carcinoma,
severe primary cardiopulmonary failure or intrinsic kidney
disease were excluded, while patients with more than one
admission during the study period were evaluated in the analysis
only at their first admission.

The diagnosis of decompensated cirrhosis was based
on clinical, laboratory, previous histological, and radiological
signs of cirrhosis with at least one sign of liver decompensation
(ascites, variceal bleeding, hepatic encephalopathy, non-
obstructive jaundice). The cause of cirrhosis was considered
to be chronic hepatitis B virus infection in cases with long-
standing (>6 mo) HBsAg positivity; chronic hepatitis C virus
(HCV) infection in cases with detectable both antibodies
against HCV (anti-HCV) and serum HCV-RNA; alcohol
abuse in cases with a compatible history and absence of other
causes of liver injury; primary biliary cirrhosis in cases with
elevated alkaline phosphatase, positive antimitochondrial
antibodies and/or compatible previous histological findings;
primary sclerosing cholangitis in cases with elevated alkaline
phosphatase and compatible radiological and/or histological
findings.

According to our routine clinical practice, detailed
medical history, complete physical examination, and a battery
of  laboratory tests were performed in all patients with
decompensated cirrhosis on the day of admission. Moreover,
diagnostic paracentesis and ascitic fluid culture were performed

in all admitted cirrhotic patients with ascites. The age, sex,
cause of cirrhosis, cause of admission, first and previous
complications of decompensated cirrhosis including
spontaneous bacterial peritonitis (SBP) as well as complete
blood count including platelet count, prothrombin time and
INR, serum urea and creatinine, total, and direct bilirubin,
alanine aminotransferase (ALT) and aspartate aminotransferase
(AST), alkaline phosphatase, gamma-glutamate transpeptidase
(GGT), serum albumin and globulins and ascitic fluid charac-
teristics and culture were retrospectively recorded for all
patients. In June 2002, the date of  last available information
as well as the final status (alive, death from liver disease,
OLT, and death from liver unrelated causes) were recorded.

Based on the admission data, the CP score (range: 5-15)
and Child class were estimated for each patient according
to the suggestion by Pugh et al[6], while the MELD score
(range: 6-40) was calculated according to the formula proposed
by Kamath et al[16], which was a slight modification of the
risk score used in the original TIPS model[17]. In addition,
two types of modified CP score (CP score-I and CP score-
II) with serum creatinine as a sixth variable were also calculated:
CP score-I (range: 5-19) derived from the original CP score
by adding 0 points for creatinine <1.3 mg/dL and 4 points
for creatinine ≥1.3 mg/dL according to what was reported
by Angermayr et al[18], while CP score-II (range: 5-19) derived
from the original CP score by adding 0 points for creatinine
<1.3 mg/dL, 2 points for creatinine 1.3-1.8 mg/dL and 4
points for creatinine >1.8 mg/dL.

Statistical analysis
All data were analyzed using the statistical program STATA.
Results were expressed as mean values (SD) or as median
values (range). Qualitative variables were compared by corrected
2 test and quantitative variables by t-test or Wilcoxon signed
rank test. The accuracy of the different score systems for
predicting short-term survival was evaluated through the
urea under the receiver operating characteristic (ROC) curve,
whereas the different areas were compared by the non-
parametric method proposed by DeLong et al[22].

Cox proportional hazards models were used to determine
variables associated with overall survival. Multivariate models
were constructed to identify independent variables from the
score systems factors. For each Cox model, a predictive score
was calculated for each patient as: P = 1X1+2X2+…+kXk,
where X1, X2,…, Xk are the levels of k prognostic factors
and 1, 2,…, k are the corresponding regression coefficients.
Higher predictive scores correspond to poorer prognosis.
The accuracy of  the different models as predictors of  survival
was evaluated by the concordance (c)-statistics (equivalent
to the area under the ROC curve). Each model was considered
to have diagnostic accuracy in case of a c-statistics >0.70
and excellent diagnostic accuracy in case of a c-statistics
>0.80.

To assess how well the models fit the data predicted by
the models and actual survival curves were graphically
compared. For that, patients were ranked according to their
predictive score and divided into three groups with roughly
equal numbers of patients’ deaths in each group. Actual
survival curve for each group was calculated using the Kaplan-
Meier method.
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RESULTS
The patient baseline characteristics are presented in Table 1.
During a median follow-up of 16 mo (0.5-42 mo), 19 (19%)
of the 102 patients died and another 5 (5%) underwent
OLT. No patient died from liver unrelated causes. The 3-,
6-, 12-, and 24-mo survival rates were 91%, 86%, 84%, and
76%, respectively.

Table 1  Baseline characteristics of 102 patients with decompen-
sated cirrhosis

Age (yr) 61 (27-89)

Sex, males 69 (68%)

Cause of cirrhosis

    HBV 24 (23%)

    HCV 17 (17%)

    Alcohol 39 (38%)

    PBC/PSC   7 (7%)

    Unknown 15 (15%)

Cause of admission

    Tense ascites 37 (36%)

    Encephalopathy 17 (17%)

    Variceal bleeding 16 (16%)

    Jaundice   5 (5%)

    Fever 11 (11%)

    Other 16 (16%)

SBP on admission   9 (9%)

First sign of decompensation

     Ascites 66 (65%)

     Variceal bleeding 30 (29%)

     Encephalopathy   5 (5%)

     Jaundice   1 (1%)

Hematocrit (%) 33 (17-48)

Hemoglobin (g/dL) 11 (5-16)

White blood count (×109/L)                  5.7 (1.2-23.9)

Platelet count (×109/L)                 105 (19-394)

Prothrombin time (s) 16 (11-35)

INR                  1.3 (0.9-3.3)

Creatinine (mg/dL)                  1.1 (0.5-3.7)

Bilirubin (mg/dL)                  2.6 (0.3-33.9)

AST (IU/L) 72 (20-610)

ALT (IU/L) 44 (11-433)

Alkaline phosphatase (U/L)                 101 (42-487)

GGT (U/L) 70 (10-1 165)

Albumin (g/dL)                  3.2 (1.9-4.3)

Child class

    A 13 (13%)

    B 42 (41%)

    C 47 (46%)

Child–Pugh score   9 (5-15)

Modified Child–Pugh score-I 10 (5-19)

Modified Child–Pugh score-II 10 (5-17)

MELD score 12 (-10-45)

HBV: hepatitis B virus, HCV: hepatitis C virus, PBC: primary biliary cirrhosis,

PSC: primary sclerosing cholangitis, SBP: spontaneous bacterial peritonitis, INR:

international normalized ratio, AST: aspartate aminotransferase, ALT: alanine

aminotransferase, GGT: gamma-glutamyl-transpeptidase, MELD: Model for

End-stage Liver Disease. All quantitative variables are expressed as median

values (range).

Predictive models for 3-, 6-, 12-, and 24-mo survival
The ROC curves of  all four scoring systems for 3-, 6-, 12-,
and 24-mo survival are shown in Figure 1. Comparison of
the areas under the ROC curves among the four scoring
systems did not reveal any statistical significant difference.
All scoring systems were found to have diagnostic accuracy
in predicting survival, perhaps with the marginal exception
of  CP score for predicting 12-mo survival. However, none
of the scores had excellent diagnostic accuracy (area >0.80).
MELD score appeared to have better predictive accuracy
compared to the CP scores. Among the rest of the scores,
modified CP-I was associated with better area under the
ROC curve than the CP score, whereas modified CP-II score
was relatively more accurate in predicting short-term survival
than the modified CP-I score. The area under the ROC
curve for MELD and CP-II scores were almost identical
for 3-mo (0.79 and 0.78) and 6-mo (0.77 and 0.76) survival,
while there was a slight decrease in the predictive value of
CP-II score during further follow-up. Thus, MELD appear
to have a slight advantage in predicting 12- and 24-mo
survival (0.78 and 0.79) compared with CP-II score (0.74
and 0.76), which ranked second (Table 2). In general, there
was a tendency for decreasing accuracy of the CP scoring
systems for predicting longer survival.

Table 2  Comparisons of the areas under the ROC curve of Child-
Pugh, modified Child-Pugh-I, modified Child-Pugh-II and MELD scores
for 3-, 6-, 12-, and 24-mo survival

Survival (mo)        Predictive scores Area under ROC          P (2)

3             Child-Pugh              0.73            0.19

                   Modified Child-Pugh-I              0.76            0.58

                   Modified Child-Pugh-II              0.78            0.73

                MELD              0.79

6            Child-Pugh              0.71            0.18

                   Modified Child-Pugh-I              0.73            0.49

                   Modified Child-Pugh-II              0.76            0.85

                MELD              0.77

12            Child-Pugh              0.68            0.09

                   Modified Child-Pugh-I              0.73            0.38

                   Modified Child-Pugh-II              0.74            0.51

                MELD              0.78

24            Child-Pugh              0.70            0.27

                   Modified Child-Pugh-I              0.75            0.48

                   Modified Child-Pugh-II              0.76            0.64

                MELD              0.79

P for comparison with MELD score.

Predictive models for overall survival
Univariate analysis using Cox proportional hazards models
showed that ascites as first sign of liver decompensation
(P = 0.017), presence of SBP on admission (P = 0.010),
serum levels of  bilirubin (P<0.001), AST (P = 0.018), ALT
(P = 0.039), GGT (P = 0.019), and creatinine (P = 0.002)
were significantly associated with survival (Table 3).

MELD, CP, and modified CP-I and CP-II scores were
all significantly associated with survival in univariate analysis.
Multivariate Cox regression analysis including all significant
baseline characteristics together with each predictive score
showed that the only factor that remained consistently
statistically significant for all scores was GGT (log-transformed).



Table 4 shows the crude and the adjusted for GGT results
for all scoring systems as well as the corresponding c-statistics.
MELD and modified CP-II scores were again found to have
the better predictive value for overall survival than CP score.
Including GGT in the model increased substantially the value
of the c-statistics.

The expected and observed survival curves for each
score in the three patient subgroups divided according to the
patient respective predictive degree P are shown in Figure 2.
The models fit the data reasonably well. MELD score appeared
to discriminate better than the rest of the scores the subgroup
of patients with the worse prognosis had.

Figure 1  ROC curves of MELD, Child-Pugh (CP), modified Child-Pugh-I (CP-I)
and modified Child-Pugh-II (CP-II) score for 3-mo (A), 6-mo (B), 12-mo (C) and

Figure 2  Expected and observed survival curves for MELD (A), Child-Pugh
(CP) (B), modified Child-Pugh-I (CP-I) (C) and modified Child-Pugh-II (CP-II) (D)

24-mo (D) survival.

score in three patient subgroups (1st, 2nd, 3rd) with roughly equal numbers of
patients deaths in each subgroup.
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DISCUSSION

Although the relatively new MELD score has already been
instituted by some transplant programs, such as UNOS, to
be the score of choice for stratification of liver transplant
candidates on the waiting lists for allocation of donor livers[23],
its superiority over the old CP score in predicting actual survival
in patients with decompensated cirrhosis has not been
documented. MELD score has been proven to be a reliable
measure of  short-term mortality risk in patients with end-
stage liver disease and a suitable marker for allocation of
donor livers[16,24], but the results in studies comparing MELD
with CP score appear to be unclear. For prediction of  survival
in patients undergoing TIPS, MELD compared to CP score
was found to be superior in the original MELD model study[17]

and in a study from Italy[25], slightly superior in a subsequent
study from Germany[26] and equally accurate in a study from
Austria[19]. In patients with liver cirrhosis, however, both
MELD and CP scores have been found to represent equally
good predictors of  survival without significant differences
in the accuracy of their predictive values in all but one

study population. Finally, MELD was found to be equivalent
to CP score for predicting in-hospital and 12-mo mortality in
patients with acute variceal bleeding.

Our data further support that MELD score is not significantly
superior to CP score in predicting survival in patients with
decompensated liver disease. The c-statistics for prediction
of  3-, 6-, 12-, and 24-mo survival by the MELD score
ranged from 0.75 to 0.79 being compatible with previous
findings in other retrospectively evaluated cohorts of patients
with decompensated cirrhosis[16]. Although no significant
difference between MELD and CP score was observed in
our study, the predictive accuracy of MELD score was always
superior offering the greatest benefit in the prediction of
12- and 24-mo survival. The modified CP-I score with the
addition of serum creatinine levels as a dichotomous categorical
variable (0 points for creatinine <1.3 mg/dL and 4 points
for creatinine ≥1.3 mg/dL) according to what was recently
proposed by Angermayr et al[18], did not offer a clear benefit
over the old CP score (c-statistics: 0.68-0.77 and 0.68-0.73,
respectively). In contrast, the modified CP-II score with
the addition of serum creatinine levels as a trichotomous
categorical variable (0 points for creatinine <1.3 mg/dL, 2
points for creatinine = 1.3-1.8 mg/dL and 4 points for
creatinine >1.8 mg/dL) was found to be slightly superior
than the CP score, since its c-statistics (0.71-0.78) were always
better than those of the CP score and very close to the c-
statistics of the MELD score.

If two or more scoring systems offer similar accuracy
in predicting survival, then other characteristics should be
taken into account for adopting one of them into clinical
practice. The main drawbacks of the old CP score are the
inclusion of two subjective parameters, such as ascites and
encephalopathy, and the estimation of three objective parameters,
prothrombin time, serum bilirubin and albumin levels, as
categorical variables[6]. Thus, in the CP score, there may be
significant interobserver variation in the assessment of  the
severity of ascites and encephalopathy, which may easily
change by medical interventions, while an extended range
of values of prothrombin time, bilirubin and albumin levels
take the same points even if they may reflect different
degrees of liver failure. Moreover, CP score does not take
into account the patient’s renal function, which appears to
be strongly associated with survival[21].

MELD score is undoubtedly more objective than the
CP score, since its calculation is based on the etiology of
cirrhosis and three simple and reproducible laboratory
parameters, INR, serum creatinine and bilirubin levels[16].
Moreover, the dynamic nature of MELD score, which is
expressed within a continuous scale of 34 points taking into
account the exact value of its laboratory parameters, offers

Table 4  Crude and adjusted for GGT hazard ratio (HR) of death and 95%CI for the four scoring systems

Scoring system             Unadjusted               Adjusted

    HR (95%CI) c-statisticsHR         (95%CI) c-statistics

Child-Pugh score 1.23 (1.04-1.45)          0.65 1.38 (1.14-1.68)        0.77

Modified Child-Pugh-I score 1.21 (1.09-1.36)          0.69 1.30 (1.13-1.50)        0.79

Modified Child-Pugh-II score 1.30 (1.13-1.48)          0.70 1.38 (1.18-1.62)        0.78

MELD score 1.11 (1.06-1.15)          0.73 1.10 (1.06-1.15)        0.81

MELD: Model for End-stage Liver Disease. HR (95%CI) are expressed for 1 unit increase.

Table 3  Association of baseline characteristics with survival in 102
patients with decompensated cirrhosis (results from univariate Cox
proportional hazards models)

Patient characteristic                  Hazard ratio   95%CI               P

Age (per yr)        0.99 0.90-1.03              0.72

Sex (male)        0.68 0.27-1.72              0.92

Cause of cirrhosis (unknown)

    HBV        0.41 0.12-1.58              0.21

    HCV        1.21 0.35-4.17              0.77

    Alcohol        0.72 0.27-1.93              0.51

    PBC/PSC        0.97 0.47-3.85              0.68

SBP on admission        4.25 1.41-12.84            0.01

White blood count (×109/L)        1.12 0.43-3.68              0.90

Platelet count (×109/L)        1.06 0.52-2.15              0.87

Prothrombin time (s)        2.48 0.50-12.19            0.26

INR        4.22 0.98-18.19            0.052

Creatinine (mg/dL)        4.62 1.76-12.13             0.012

Bilirubin (mg/dL)        2.25    1.5-3.38                 <0.001

AST (IU/L)        1.95 1.12-3.4                 0.018

ALT (IU/L)        1.70 1.03-2.8                 0.039

Alkaline phosphatase (U/L)        0.83 0.38-1.86               0.66

GGT (U/L)        1.64 1.09-2.46               0.019

Albumin (g/dL)        0.53 0.07-3.84               0.53

Child class (A)

    B        2.11 0.46-9.77               0.34

    C        3.71 0.78-17.61             0.10

CI: confidence interval, HBV: hepatitis B virus, HCV: hepatitis C virus, PBC: primary
biliary cirrhosis, PSC: primary sclerosing cholangitis, SBP: spontaneous bacterial
peritonitis, INR: international normalized ratio, AST: aspartate aminotransferase,
ALT: alanine aminotransferase, GGT: gamma-glutamyl-transpeptidase, MELD:
Model for End-stage Liver Disease. Hazard ratios (95%CI) for quantitative
variables are expressed for 1 relevant unit increase of loge.
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an advantage in the determination of  priorities of  liver organs
allocation[2,8]. On the other hand, MELD score cannot be
calculated at the bedside and is much more complex than
the easy to calculate CP score, since it includes logarithmic
transformations and multiplication by several factors[16]. In
addition, changes in several parameters of the MELD score
may not be directly related to changes of the severity of
liver disease, such as a creatinine increase due to extensive
use of diuretics or other iatrogenic factors. Finally, it has
been suggested that MELD score may underestimate the
severity of liver disease in patients with decompensated
cirrhosis and predominant complications of portal hypertension,
since it does not include any parameter related to portal
hypertension[8].

In conclusion, both MELD and CP score can accurately
predict short-term (3- and 6-mo) survival in patients with
decompensated cirrhosis, while MELD appears to have a
slight advantage in predicting medium-term (12- and 24-mo)
survival. The modified CP score with the addition of  serum
creatinine as a categorical parameter was found to improve
the predictive accuracy of CP score being equivalent with
the MELD score in predicting short- and medium-term
survival. Thus, the creatinine-modified Child-Pugh scores
seem to deserve further evaluation, since they are simpler
than and of similar predictive accuracy with the MELD
score and have higher predictive accuracy than the old Child-
Pugh score. Taking into consideration the drawbacks of
the MELD and CP scoring systems, we do not see a clear
advantage in daily clinical practice for MELD score over
the familiar and more easily calculated CP score or creatinine-
modified CP score for predicting survival in patients with
decompensated cirrhosis. Perhaps, the situation is different
in the liver transplant waiting lists, since the dynamic range of
the MELD score may allow better determination of  priorities
for organ allocation.
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