
year, the iMELD still had the highest AUC (0.783), 
the difference between the iMELD and MELD was 
statistically significant (P  < 0.05). Survival curves 
showed that the three new models were all clearly 
discriminated the patients who survived or died in 
short-term as well as intermediate-term (P  < 0.001).
CONCLUSION: Three new models, changed with 
serum sodium (MELD-Na, iMELD, MESO) can exactly 
predict the prognosis of patients with decompensated 
cirrhosis for short and intermediate period, and may 
enhance the prognostic accuracy of MELD. The iMELD 
is better prognostic model for outcome prediction in 
patients with decompensated cirrhosis.

© 2008 The WJG Press. All rights reserved.
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INTRODUCTION
The model for end-stage liver disease (MELD) was 
developed as a prognostic model of  short-term mortality 
in patients with cirrhosis treated with transjugular 
intrahepatic portosystemic shunt (TIPS)[1]. The scoring 
system has been widely applied in recent years and 
shown to predict mortality across a broad spectrum 
of  liver diseases in most studies. But, there is not any 
parameter correlated with complications of  cirrhosis 
in this formula. Its ability of  prognosis is decreased. 
Some studies have indicated that serum sodium is the 
independent predictor of  mortality in patients with 
cirrhosis[2,3]. And the incorporation of  Na into the 
MELD may enhance its prognostic accuracy[4,5]. Then 
some scholars had successively introduced three new 
mathematical equations based on both MELD and Na, 
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Abstract
AIM: To investigate the prognostic value of the model 
for end-stage liver disease (MELD) and three new 
MELD-based models combination with serum sodium 
in decompensated cirrhosis patients-the MELD with 
the incorporation of serum sodium (MELD-Na), the 
integrated MELD (iMELD), and the MELD to sodium 
(MESO) index.
METHODS: A total of 166 patients with decompensated 
cirrhosis were enrolled into the study. MELD, MELD-
Na, iMELD and MESO scores were calculated for each 
patient following the original formula on the first day 
of admission. All patients were followed up at least 
1 year. The predictive prognosis related with the 
four models was determined by the area under the 
receiver operating characteristic curve (AUC) of the 
four parameters. Kaplan-Meier survival curves were 
made using the cut-offs identified by means of receiver 
operating characteristic (ROC).
RESULTS: Out of 166 patients, 38 patients with 
significantly higher MELD-Na (28.84 ± 2.43 vs  14.72 
± 0.60), iMELD (49.04 ± 1.72 vs  35.52 ± 0.67), MESO 
scores (1.59 ± 0.82 vs  0.99 ± 0.42) compared to 
the survivors died within 3 mo (P  < 0.001). Of 166 
patients, 75 with markedly higher MELD-Na (23.01 ± 
1.51 vs  13.78 ± 0.69), iMELD (44.06 ± 1.19 vs  34.12 
± 0.69), MESO scores (1.37 ± 0.70 vs  0.93 ± 0.40) 
than the survivors died within 1 year (P  < 0.001). At 
3 mo of enrollment, the iMELD had the highest AUC 
(0.841), and was followed by the MELD-Na (0.766), 
MESO (0.723), all larger than MELD (0.773); At 1 
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known as the MELD with the incorporation of  serum 
sodium (MELD-Na)[6], the integrated MELD (iMELD) 
score[7] and the MELD to sodium (MESO) index[8]. In 
this study, we compared the value of  MELD and three 
new MELD-based models in combination with serum 
sodium in to evaluate the short-term and intermediate-
term prognosis of  decompensated cirrhosis patients 
through retrospective analysis of  166 decompensated 
cirrhosis cases.

MATERIALS AND METHODS
Patients
From October, 2005 to May, 2007, 166 patients with 
decompensated cirrhosis who had been in Department 
of  Gastroenterology of  Shanghai East Hospital affili-
ated to Tongji University were evaluated, and their medi-
cal profiles were retrospectively analyzed in this study. 
The clinical diagnosis was all based on the program of  
2000 for the prevention and treatment of  virus hepatitis 
established in Xi’an Congresses[9]. We excluded patients 
with past or current hepatocellular carcinoma, serious 
diseases in other systems, admission to hospital repeat-
edly and incomplete case records. This study included 
105 (63.7%) males and 61 (36.3%) females, with mean 
age 62.3 ± 12.9 (range 29-87) years.

Clinical data
Baseline laboratory results of  all the patients obtained at 
admission (i.e. serum bilirubin, serum creatinine, serum 
sodium, INR) were retrieved from the medical records. 
All patients were followed up for 1 year. The outcome 
was assessed as the 3-, 6- and 12-mo mortality.

Calculation of the MELD, MELD-Na, iMELD and MESO 
index
All prognostic models were calculated based on 
laboratory results obtained on the first day of  admission. 
The MELD equat ion was used to ca lculate the 
severity score: 9.6 × loge [creatinine (mg/dL)] + 3.8 × 
loge [bilirubin (mg/dL)] + 11.2 × loge (INR) + 6.43[10]. 
The MELD-Na equation was based on the MELD 
and Na: MELD + 1.59 × (135 - Na)[6], with maximum 
and minimum Na values of  135 and 120 mmol/L, 
respectively. The iMELD equation was based on the 
MELD score, age (years), and Na (mmol/L): MELD + 
(0.3 × age) - (0.7 + Na) + 100[7]. The MESO index was 
defined as [MELD/Na (mmol/L)] × 10[8].

Statistical analysis
All statistical analyses were conducted with the SPSS for 
Windows version 13 release. Categorical variables were 
compared by Pearson Chi-squared test and continuous 
variables were compared by Student’s t-test. To assess the 
ability of  the four MELD-based models in predicting 
the risk of  mortality at 3, 6 and 12 mo, our analysis 
was performed by the measurement of  the c-statistic 
equivalent to the area under the receiver operating 
characteristic curve (AUC). The cumulative transplant-free 

survival at different cut-offs were performed by Kaplan-
Meier analysis and compared by log rank test. P < 0.05 
was considered statistically significant.

RESULTS
Clinical features between the survival group and the 
death group
Thirty-eight (22.9%) patients died at 3 mo, and 75 (45.2%) 
patients died at 1 year. At 3 mo of  enrollment, 38 
patients with significantly higher MELD-Na (28.84 ± 2.43 
vs 14.72 ± 0.60), iMELD (49.04 ± 1.72 vs 35.52 ± 0.67), 
MESO scores (1.59 ± 0.82 vs 0.99 ± 0.42) compared to 
the survivors died (P < 0.001). At 1 year of  enrollment, 
75 patients with markedly higher MELD-Na (23.01 ± 
1.51 vs 13.78 ± 0.69), iMELD (44.06 ± 1.19 vs 34.12 ± 
0.69), MESO scores (1.37 ± 0.70 vs 0.93 ± 0.40) than the 
survivors died within 1 year (P < 0.001). The differences 
of  age and serum sodium, two parameters incorporated 
into three new models, between the survival group and 
the death group, were also statistically significant at 3 mo 
and 1 year, especially serum sodium (P < 0.001) (Table 1).

Comparison of the AUC and predictive accuracy 
between four MELD-based prognostic models
At 3 mo of  enrollment, the iMELD had the highest 
AUC (0.841), followed by the MELD-Na (0.766), 
MESO (0.723) and MELD (0.712) (Figure 1A). At 6 mo 
and 1 year, the iMELD still had the highest AUC (0.806 
and 0.783, respectively), followed by the MELD-Na 
(0.738 and 0.714, respectively), MESO (0.715 and 0.694, 
respectively) and MELD (0.708 and 0.689, respectively) 
(Figure 1B and C). The iMELD had a significantly 
higher AUC in comparison with MELD at 3 mo, 6 mo 
and 1 year (P < 0.05).

Kaplan-Meier fractional survival curves of MELD-Na, 
iMELD and MESO
The most discriminative cut-offs from the ROC with the 
c-statistic and 1 year mortality for MELD-Na, iMELD 
and MESO were 20, 40 and 1.6, respectively. According 
to these cut-offs, survival curves are given in Figure 2. 
The cut-offs of  three new models were indicated to 
discern between the patients who would be survived and 
dead in 3 mo and 1 year (P < 0.001).

DISCUSSION
MELD was initially created to predict survival following 
elective placement of  TIPS[1]. The MELD scoring 
system has been widely applied in recent years and 
shown to predict mortality across a broad spectrum 
of  liver diseases in most studies[11-14]. MELD has been 
demonstrated to have a better ability in short-term or 
intermediate-term outcome prediction in comparison 
with the Child-Turcotte-Pugh (CTP) system[15-17]. 
Nonetheless, MELD still has potential limitations[18-21]. 
Hepatic encephalopathy, esophageal varices bleeding 
and spontaneous bacterial peritonitis are common 



complications with cirrhosis, which had been considered 
one of  the allocation policies of  liver providing. The 
patients with these complications all had relatively ideal 
long-term survival rates. But, there is no parameter 
correlated with these complications in MELD. Portal 
hypertension is responsible for above-mentioned 
complications[22,23]. Hyponatremia is a common event 
in liver cirrhosis. It develops primarily as a result of  
free water retention, which is positively correlated with 
the severity of  portal hypertension[24]. Consequently, 
the serum sodium (SNa) level may inversely reflect the 

severity of  portal hypertension. Those with low MELD 
scores who have persistent ascites and low SNa are at 
a disadvantage. This group of  patients has a higher 
mortality than that predicted by the MELD score 
alone[15]. Many studies have proposed serum sodium 
can be used to exactly evaluate the prognosis and 
mortality of  patients with cirrhosis, which is objective, 
quantitative, and reproducible. The incorporation of  Na 
into the MELD may enhance prognostic accuracy[4,5,25].

In 2006, Biggins et al[6] first established “MELD-
Na”. Under the new system, a patient with serum Na of   

Table 1  The clinical features of 166 patients with cirrhosis at 3 mo and 1 year follow-up1

3-mo follow-up 1-yr follow-up 

Clinical features Survival group Death group Survival group Death group

Age (yr)     61.2 ± 12.7     66.1 ± 13.0a     60.3 ± 13.0     64.8 ± 12.4a

Bilirubin (μmol/L)     44.2 ± 40.1     106.2 ± 117.9a     43.1 ± 43.7     77.0 ± 91.0a

Creatinine (μmol/L)     85.5 ± 34.0   115.3 ± 67.7a     82.8 ± 32.2   103.8 ± 55.8a

INR     1.64 ± 0.51     2.21 ± 1.38a     1.58 ± 0.49     2.00 ± 1.07a

Serum sodium (mmol/L) 137.3 ± 4.9 130.4 ± 6.8b 137.7 ± 5.2 133.2 ± 6.3b

MELD   13.2 ± 5.6     20.5 ± 10.5b     8.63 ± 2.13     10.5 ± 2.52b

MELD-Na   14.7 ± 6.8     28.8 ± 15.0b     14.2 ± 5.31     20.5 ± 9.42b

iMELD   35.5 ± 7.6     49.0 ± 10.6b   34.1 ± 7.5     44.1 ± 10.3b

MESO     0.99 ± 0.42     1.59 ± 0.82b     0.93 ± 0.40     1.37 ± 0.70b

1Data expressed as mean ± SD. MELD: Model for end-stage liver disease. aP < 0.05, bP < 0.01 vs the survival 
group.

Figure 1  The area under the receiver operating characteristic curve (AUC) of MELD, MELD-Na, iMELD and MESO. A: At 3 mo of enrollment; B: At 6 mo of 
enrollment; C: At 1 year of enrollment. The comparison between iMELD and MELD at 3 mo, 6 mo and 1 year showed significant differences (P < 0.05).
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Figure 2  Kaplan-Meier fractional survival curves using the cut-offs identified by means of ROC for 1 year and compared by log rank test. All comparisons 
showed significant differences (all P < 0.01). A: MELD-Na; B: iMELD; C: MESO.
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130 mEq/L and a MELD score of  14 will have a 
“MELD-Na” score of  22 and will be allocated an organ, 
whereas another patient with serum Na of  135 mEq/L 
and a MELD score of  20 (“MELD-Na” score of  20) 
will be given a lower priority. Obviously, the latter patient 
with a higher MELD score is being given a higher prior-
ity under the new system. Thus, this analysis suggests 
that a significant number of  patients with low serum Na 
will benefit by receiving a priority score corresponding 
to their mortality risk. Studies in Korea and Hongkong 
both confirmed that MELD-Na performed better than 
MELD in predicting 3-mo and 1-year mortality[26,27]. Lat-
er, Huo et al[8] developed MESO as MELD to SNa ratio. 
The AUC was 0.860 for SNa, 0.795 for the MESO index 
and 0.789 for MELD at 3 mo of  enrollment. Among 
patients with Child-Pugh class A or B, the MESO index 
had a significantly higher AUC compared with MELD (P 
< 0.001). In survival analysis, MESO index > 1.6 inde-
pendently predicted a higher mortality rate (relative risk: 
3.32; P < 0001) using the Cox model. The latest study[7] 
incorporated both serum sodium and age into the new 
formula: iMELD. The iMELD was better than original 
MELD in evaluating the mortality of  cirrhosis patients 
1 year after TIPS: AUC increased by 13.4% and the 
likelihood ratio statistic from 23.5 to 48.2; it was dem-
onstrated for patients with cirrhosis on the waiting list 
for liver transplantation by increasing auROC (+8%) and 
likelihood ratio statistic (from 41.4 to 82.0).

Our study compared MELD with three new MELD-
based models containing Na. It is discovered that the 
AUCs of  MELD-Na, iMELD, MESO were all larger 
than MELD in evaluating the short-term and intermedi-
ate-term prognosis of  decompensated cirrhosis patients. 
Among the four models, iMELD had the biggest AUC 
at different periods and showed significant differences 
with MELD. The iMELD was demonstrated to be bet-
ter prognostic model for outcome prediction in patients 
with cirrhosis, which is similar to that reported by Huo 
et al[28]. Interestingly, in addition to the MELD and Na, 
the iMELD also takes into account the factor of  age. 
Age was associated to the risk of  mortality as a continu-
ous variable, with older patients having worse survival. 
The association of  aging with mortality in cirrhosis has 
been shown in the past[29,30]. Most recently, a systematic 
review of  118 prognostic studies in patients with cirrho-
sis showed that age is the most important independent 
prognostic factor of  survival[31]. It has been suggested 
that aging may reflect a longer duration of  cirrhosis and 
a more severe liver disease.

One of  the important aspects of  the MELD and its 
derived models is that they are continuous variables and 
account for the spectrum of  disease severity. However, 
using the most discriminative cut-off  from the ROC for 
different models may provide additional information in 
certain clinical settings. From the survival curves, it was 
indicated that the cut-offs of  three new models may 
discern between the patients who would be survived 
and dead in 3 mo and 1 year. In our study, although 
the AUCs of  MELD-Na and MESO were larger than 
MELD at 3 mo, 6 mo and 1 year, the comparisons 

showed no significant differences. The research should 
be improved more thoroughly and objectively using 
larger series of  patients.

In conclusion, three new models combination with 
serum sodium (MELD-Na, iMELD, MESO) can all ex-
actly predict the prognosis of  patients with decompen-
sated cirrhosis for short and intermediate period, and 
may enhance the prognostic accuracy of  MELD. The 
iMELD is better prognostic model for outcome predic-
tion in patients with decompensated cirrhosis.
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