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Introduction and Aim

With the overwhelming success of liver transplantation

(LT), the demand for this intervention has progressively

increased over the past years in the setting of a relatively

fixed cadaveric organ supply. As a consequence, an

increasing percentage of listed patients are dying while on

waitlists and an additional number of listed candidates

are disqualified as they become too sick for transplanta-

tion [1]. This disparity between organ demand and sup-

ply has led to extraordinary pressure on organ allocation

programmes, which in turn has generated tremendous

interest and continuous reassessment of listing and prior-

ity criteria for cadaveric liver allocation [2].

Liver allocation policy in the USA was changed in Feb-

ruary 2002 to a continuous scale of disease severity based

on the model for end-stage liver disease (MELD) score

for adults [3] and pediatric end-stage liver disease (PELD)

score for pediatric population [4]. The goal of the new

allocation MELD/PELD system (MPS) was to use more

objective criteria of disease severity and immediate need

of transplantation, given minimal weight to waiting time

in an effort to prioritize patients at highest risk of short-

term pretransplant mortality [5]. As MPS scores have
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Summary

The number of patients dying while on the liver transplantation (LT) waiting

list (WL) has continued to increase in recent years as a result of severe shortage

of organs. Therefore, it is important to evaluate the existing models that pre-

dict death on the WL and to determine the independent predictors of death.

The study cohort comprised 152 adult patients listed for LT in our centre over

a period of 2 years (January 2001 to January 2003). The 12-month survival rate

has been calculated by Kaplan–Meier method. The survival analysis performed

by Cox proportional hazard model has evaluated the three parameters which

compose the model for end-stage liver disease (MELD) score. Forty-four

patients (28.9%) died while listed for LT. The survival rate was 92% at

3 months, 80% at 6 months and 69% at 12 months. Median survival was not

reached. MELD score was found to be an excellent predictor of death at

12 months on our WL – c-statistic (area under curve) 0.84. In our survival

analysis, only international normalized (prothrombin) ratio (INR) and serum

creatinine were identified as an independent predictors of death (P < 0.0001).

A new simplified version of the MELD score, which does not include serum

bilirubin, is proposed and its c-statistic as predictor for death on the WL at

12 months is 0.86, as good as the original MELD score, when evaluated on our

list. There is a fourfold increase in mortality on our WL for LT between 3 and

12 months after the inclusion. A simplified version of the MELD score, using

only serum creatinine and INR might be taken into account when predicting

12 months mortality on WL with longer waiting time, but it has to be con-

firmed by other prospective studies.

Transplant International ISSN 0934-0874

572 Transplant International 18 (2005) 572–576 ª 2005 European Society for Organ Transplantation



been well validated in several large cohorts to accurately

predict short-term mortality, the architects of the new

liver allocation system defined the need for LT as the risk

of death from liver disease within a 3-month period

[6–8]. The major advantage of MELD score is that, it

only requires three objective routine laboratory tests –

serum creatinine, bilirubin, and international normalized

(prothrombin) ratio (INR) – incorporated into an equa-

tion [3]. The new United Network for Organ Sharing

(UNOS) policy for cadaver livers allocation has been an

important shift towards an objective evidence-based

approach in the field of organ allocation [9].

In this study, we have evaluated the predictive value of

MELD score for the death on the WL for LT in a cohort of

152 adult candidates with chronic liver disease included on

the WL between January 2001 and April 2003 at the single

LT centre in Romania where this procedure is performed –

Fundeni Clinical Institute. We also tried to evaluate in a

survival analysis, the three MELD score components.

Material and methods

Study population

The cohort of patients used for the survival analysis

included 152 consecutive adult patients with chronic liver

disease (2B or 3 UNOS status) listed for cadaveric LT at

the referral centre between January 2001 and April 2003.

All patients had complete data required for MELD calcu-

lation at the time of listing. Survival analysis was conduc-

ted 1 year after the inclusion of the last patient in the

study, in April 2004. The date of the death while on wait-

list (WL), the date of the last contact with our centre and

the date of the LT have been registered. Transplanted

patients during the study interval and patients still alive

at the moment of the survival analysis were considered

censored cases.

The MELD score for each patient was computed at the

time of listing using the method of Malinchoc et al. [10].

To avoid negative scores, laboratory values such as serum

creatinine levels that were <1 mg/dl were rounded off to

1. The MELD equation used to calculate the severity score

was as follows: MELD score ¼ (9.57 · loge creatinine

mg/dl + 3.78 · loge bilirubin mg/dl + 11.20 · loge INR +

6.43).

Model for end-stage liver disease (MELD) score was

recalculated for each patient according to the accepted

standards. For patients with MELD score <10, we have

recalculated the score after 1 year, for scores between 11

and 18 after 90 days, for scores between 19 and 24 after

30 days and for scores over 25 we have recalculated the

score weekly.

In patients with hepatocellular carcinoma (HCC), LT

was recommended if it fulfilled the Milano criteria: one

nodule <5 cm or two to three nodules with maximum

diameter <3 cm. Conventionally for patients with one

HCC nodule, a MELD score of 20 was allocated and for

patients with two or three nodules, a MELD score of 24

was considered.

In our cohort of patients only two were listed for LT

because of impaired quality of life (pruritus etc.) Their

position on the WL was established according to their

MELD score also.

Patients characteristics are given in Table 1.

Statistical analysis

The primary goal was the evaluation of the 12-month

survivorship using the Kaplan–Meier method. To assess

the MELD score ability to correctly rank order patients

according to risk of death while on the WL, our analysis

was performed by measuring the concordance (c-statistic)

equivalent to the area under the receiver-operating char-

acteristic curve (ROC). The outcome we assessed was the

occurrence of death within 12 months while waiting on

the list. A c-statistic between 0.8 and 0.9 indicates excel-

lent diagnostic accuracy and a parameter with a c-statistic

over 0.7 should be considered clinically useful.

Table 1. Patients characteristics.

Parameter Value

Male:female ratio 1.49:1

Age 42.8 ± 10.59

Blood type

O 47 (30.9%)

A 61 (40.1%)

B 32 (21.1%)

AB 12 (7.9%)

Aetiology of liver disease

Hepatitis B virus 26 (17.1%)

Hepatitis C virus 34 (22.3%)

Hepatitis B and C co-infection 8 (5.2%)

Hepatitis B and D co-infection 33 (21.7%)

Alcoholic liver disease 7 (4.6%)

Hepatocellular carcinoma

eligible for LTx

5 (3.2%)

Wilson’s disease 10 (6.5%)

Autoimmune cirrhosis 6 (3.9%)

Primary biliary cirrhosis 7 (4.6%)

Secondary biliary cirrhosis 2 (1.3%)

Primary sclerosing cholangitis 5 (3.2%)

Overlap syndromes 3 (1.9%)

Others 6 (3.9%)

INR 1.62 ± 0.53 (range 0.9–4.17)

Total bilirubin (mg/dl) 4.58 ± 4.61 (range 1.2–22.5 mg/dl)

Serum creatinine (mg/dl) 1.13 ± 0.8 (range 0.6–6.5 mg/dl)

MELD score 17.09 ± 6.6 (range 9–38)

Child–Pugh Score 9.04 ± 1.92 (range 7–13)
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MELD score components were included in a multivari-

ate survival analysis conducted by Cox proportional haz-

ards model, at 12 months after the inclusion of the last

patient. The parameters identified as independent predic-

tors of death were used in a logistic regression equation

to form a new, simplified model to predict 12-month

mortality on our WL for LT. The new simplified model

was retrospectively evaluated and its ability to predict

death on the WL was compared by c-statistic with the

classical MELD score. Two-tailed P-values <0.05 were

considered statistically significant.

Results

Forty-four patients (28.9%) died while on the WL for LT.

Three-month survival rate was 92%, 6-month survival

rate 80% and 12-month survival rate was only 69%. Med-

ian survival was not reached during the follow-up. The

mean follow-up interval was 18.2 months (Fig. 1).

In the multivariate survival analysis performed by Cox

proportional hazards model, only INR and creatinine

were found as independent predictors of death on our

WL (P < 0.0001 for both variables). The level of serum

bilirubin at the moment of listing was not a significant

variable in the survival analysis (P ¼ 0.06; Table 2). The natural logarithms of INR and serum creatinine

were included in a logistic regression analysis, and the

dependent variable was considered the death within

12 months on the WL for LT. Results of the analysis are

given in Table 3.

Based on the logistic regression equation, a new predic-

tive model was created, which included only the INR and

serum creatinine, variables that were identified by the

multivariate survival analysis as independent predictors

for survival on our WL. The new model allows the calcu-

lation of death risk score on the WL for LT using the fol-

lowing formula: new risk score ¼ 9.9 + 10.3 · ln INR +

11.2 · ln creat.

MELD score was found to be an excellent predictor of

death within 12 months on our WL – c-statistic (area

under curve) 0.84 (Fig. 2). The area under curve for the

new predictive score was 0.86, so its predictive value for

death within 12 months on our WL is at least as good as

for the MELD score. Both scores predict better the occur-

rence of death within 12 months on the WL than the tra-

ditional Child–Pugh score, for which the area under

curve was only 0.73 (Fig. 2).

Discussion

LT is the treatment of choice for patients with end-stage

chronic liver disease, fulminant hepatic failure and certain

metabolic diseases for which no effective therapy is

available. Survival at 1 and 3 years after LT approaches

Figure 1 Kaplan–Meier survival curve of patients on the WL for LTx.

Table 2. Results of the multivariate survival analysis.

Variable

Regression

coefficient (B)

Standard

error Exp(B) P-value

INR 1.332 0.20 3.79 <0.0001

Serum bilirubin 0.066 0.034 1.06 0.06

Serum creatinine 0.45 0.099 1.57 <0.0001

Table 3. Results of the multivariate logistic regression analysis.

Variable

Regression

coefficient (b)

Standard

error

Chi-square

(b ¼ 0) P-value

Intercept 9.9 0.53 36.8 <0.0001

INR 10.3 0.88 15.1 <0.0001

Serum creatinine 11.2 0.93 16.3 <0.0001

Figure 2 ROC Curves for MELD score, the new risk score (NRS), and

Child–Pugh score as predictors of death on our WL for LTx.
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90% and 80%, respectively, at most leading centres for

LT [1]. In addition to longer survival, many liver trans-

plant recipients are now experiencing an improved quality

of life, including resumption of active employment

and reproductive capacity [1]. This successful outcome of

LT in terms of survival and quality of life requires careful

selection of potential recipients and optimal allocation of

scarce resources. Over the past decade, this has become

one of the most critical issue in the field, raising tremen-

dous interest within transplantation programmes, facing

reduced availability of cadaveric organs and long wait-

ing time. Since LT programme successfully began in

Romania at our institution in January 2000, the annual

rate of deceased liver donors did not exceed 1 per mil-

lion, highlighting the problem of optimal liver allocation

policy.

Hepatologists worldwide continuously revised organ

allocation and distribution policy in an attempt to balance

the ethical principles of medical justice and utility. The

principle of justice advocates for the sickest patient who

has been waiting for the longest time, whereas utility

favours the patient with the highest likelihood of achieving

successful outcome [11]. Prior to February 2002, candi-

dates waiting for deceased liver donors were prioritized

based on the well-established Child–Turcotte–Pugh (CTP)

score for liver disease [12,13] and by waiting time. The

major criticisms of CTP score consisted in the limited

number of medical urgency categories (classes A, B, C) and

the subjectivity of some parameters such as hepatic

encephalopathy and ascites [14]. Within the CTP categor-

ies for disease severity, waiting patients were ordered

according to time on the WL. As the number of patients

on WL grew, the severity of their disease became much

more heterogeneous within these limited categories. Con-

sequently, waiting time became the major discriminator for

patients in these large categories and diminished the role of

medical status in determining priority on the list [15].

In February 2002, UNOS proposed to replace the cur-

rent status 2A, 2B and 3 by a modified version of the ori-

ginal MELD score [10] based on patient risk for 3-month

mortality on the WL [3]. MELD was proven as an objec-

tive, reliable and clinically useful model for assessing dis-

ease severity and predicting survival in patients with

chronic liver disease [16]. Unlike the CTP score used in

previous allocation policy, the MELD score has been rig-

orously tested and validated as a good predictor of mortal-

ity in different groups of patients with various types and

degrees of chronic liver disease [7,17–21]. Independent

studies performed in the USA and Europe showed that the

MELD score performed at least as well as CTP score in

predicting patient outcome following acute variceal bleed-

ing [17], mortality in LT candidates [7,18], short- and

medium-term survival in an European series of cirrhotic

patients referred to a tertiary care centre [19] and mortal-

ity in patients with primary sclerosing cholangitis [20]. In

the study of Wiesner et al. [7] the MELD score was super-

ior to the CTP score in ranking patients according to

severity of their liver disease and risk of dying at 3 months

(MELD area under curve ¼ 0.83, CTP area ¼ 0.76).

In our study, MELD score was evaluated by predicting

mortality on the WL in 152 UNOS 2B and 3 patients.

Given to the long waiting time on the list which is char-

acterizing our programme of LT (mean waiting time of

22 months) [22] we considered appropriate to evaluate

the medium-long term (12 months) survival of patients

listed for LT. The ROC analysis performed for MELD

score revealed an excellent predictive value also for death

at 12 months (MELD area ¼ 0.84).

Although the mortality rate at 3 months in our study

(patients in UNOS 2B or 3 status) was similar to that found

in Wiesner’s study for patients UNOS 2B (8% vs. 9.2%)

[8], there was a fourfold increase in mortality on our WL

for LT between 3 and 12 months after the inclusion. We

suppose that the prolongation of waiting time for deceased

donor livers, considerably increase the risk for intercurrent

life-threatening complications such as variceal hemorrhage,

hepatic encephalopathy and infections in otherwise stable

populations (UNOS 2B or 3 patients) because of the pro-

gression of portal hypertension. According to these find-

ings, concerted efforts should be taken to decrease the

waiting time by increasing the number of deceased liver

donors, using split livers and adult living donors.

In the multivariate survival analysis performed on indi-

vidual components of MELD score by Cox proportional

hazards model, the independent predictors of death on

our waitlist were INR and creatinine, while serum biliru-

bin was not identified as a statistically significant predic-

tor of survival. The independent value of these two

components was already emphasized by other authors.

INR was identified as the strongest component of the ori-

ginal MELD score [3]. Serum creatinine and INR were

independently associated with 6- and 12-month mortality

in a recent European series of cirrhotic patients [20]. On

the contrary, a recent publication reviewing prognostic

studies that use multivariate analysis in cirrhosis (57 iden-

tified so far), found that bilirubin is the parameter that

most frequently appeared among the first five statistically

significant predictors of survival, followed by INR [16].

Similarly, another recent study indicates that only biliru-

bin and creatinine have a significant contribution to the

predictive value of MELD score [23].

Our study suggests the fact that serum bilirubin might

be not an independent predictor of death on WL which

include mainly patients in UNOS 2B and 3 status and

which are characterized by a long waiting time. We can

hypothesize that serum bilirubin is an independent

Gheorghe et al. Waiting list for liver transplantation
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predictor of death only when assessing short-term survi-

val (3 months) on the WL, as suggested by other studies

[2], but it has limited value as a long-term (12 months)

survival predictor in cirrhotic patients.

A new predictive model including only the INR and

the serum creatinine was generated in order to simplify

the evaluation of 12-month death risk on our WL for LT.

The area under curve for the new predictive score, when

retrospectively evaluated on our series, was 0.86, so its

predictive value for death on the WL is at least as good

as for the MELD score. This new score is only useful

when evaluating long-term survival (12 months) and can-

not substitute the original MELD score when evaluating

3 months risk of death on WL with a short waiting time.

It has to be validated prospectively by other studies.

In summary, by taking into account the 12-month sur-

vival, our analysis gives a better picture of what happens

with the dynamics of the WL in case of programmes with

longer waiting time. The simplified MELD score might be

used when evaluating 12 months mortality because in this

case, serum bilirubin seems not to be an independent

predictor of death.
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