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A recent mandate emphasizes severity of liver disease
to determine priorities in allocating organs for liver transplantation and necessitates a disease severity index based
on generalizable, verifiable, and easily obtained variables.
The aim of the study was to examine the generalizability
of a model previously created to estimate survival of patients undergoing the transjugular intrahepatic portosystemic shunt (TIPS) procedure in patient groups with a
broader range of disease severity and etiology. The Model
for End-Stage Liver Disease (MELD) consists of serum
bilirubin and creatinine levels, International Normalized
Ratio (INR) for prothrombin time, and etiology of liver
disease. The model’s validity was tested in 4 independent
data sets, including (1) patients hospitalized for hepatic
decompensation (referred to as “hospitalized” patients),
(2) ambulatory patients with noncholestatic cirrhosis, (3)
patients with primary biliary cirrhosis (PBC), and (4)
unselected patients from the 1980s with cirrhosis (referred to as “historical” patients). In these patients, the
model’s ability to classify patients according to their risk
of death was examined using the concordance (c)-statistic. The MELD scale performed well in predicting death
within 3 months with a c-statistic of (1) 0.87 for hospitalized patients, (2) 0.80 for noncholestatic ambulatory patients, (3) 0.87 for PBC patients, and (4) 0.78 for historical cirrhotic patients. Individual complications of portal
hypertension had minimal impact on the model’s prediction (range of improvement in c-statistic: <.01 for spontaneous bacterial peritonitis and variceal hemorrhage to
ascites: 0.01-0.03). The MELD scale is a reliable measure
of mortality risk in patients with end-stage liver disease
and suitable for use as a disease severity index to deterAbbreviations: IOM, Institute of Medicine; CTP, Child-Turcotte-Pugh; MELD, Model
for End-Stage Liver Disease; TIPS, transjugular intrahepatic portosystemic shunt; PBC,
primary biliary cirrhosis; INR, International Normalized Ratio; CI, confidence interval;
SBP, spontaneous bacterial peritonitis; ISI, International Sensitivity Index.
From the 1Division of Gastroenterology and Hepatology, and the 2Department of
Health Science Research, Mayo Clinic and Foundation, Rochester, MN; and the 3Divisione di Medicina, Ospedale V Cervello, Palermo, Italy.
Received November 13, 2000; accepted December 10, 2000.
Supported by a grant from the National Institutes of Health (DK-34238).
The data presented in this manuscript have been presented and discussed at the
OPTN/UNOS Liver and Intestinal Organ Transplantation Committee.
Address reprint requests to: W. Ray Kim, M.D., M.B.A., Gastroenterology and Hepatology (Ch10), Mayo Clinic and Foundation, 200 First Street, SW, Rochester, MN
55905. E-mail: kim.woong@mayo.edu; fax: 507-266-2810.
Copyright © 2001 by the American Association for the Study of Liver Diseases.
0270-9139/01/3302-0021$35.00/0
doi:10.1053/jhep.2001.22172

In April of 1998, the Department of Health and Human
Services issued the final rule on the Organ Procurement and
Transplantation Network, in which the principles of organ
allocation policies and procedures were defined.1 These included allocating organs among transplant candidates in the
order of medical urgency and minimizing the role of waiting
time while avoiding futile transplantation and promoting efficient management of organ placement. A subsequent report
from the Institute of Medicine (IOM)2 and an independent
study by Freeman and Edwards,3 in which waiting times in
transplant candidates were analyzed, concluded that waiting
time was not an appropriate measure of the fairness of the
organ allocation system. The report from the IOM recommended that the use of waiting time as an allocation criterion
be discontinued and that an appropriate medical triage system
be developed to ensure equitable allocation of organs based on
medical characteristics and disease prognoses rather than
waiting times.2
While the current allocation system utilizes the Child-Turcotte-Pugh (CTP) classification for determination of medical
urgency,4 implementation of the proposed new policies will
require a more refined scale that accurately represents disease
severity. A disease severity index for such a purpose should
not only have a sound statistical and clinical validity, but
should also rely on a few, readily available, objective parameters and be generalizable to a heterogeneous group of patients.5 Thus, validation of the severity index should incorporate an assessment of its ability to assess the risk of death in
independent groups of patients with varying etiology and severity of liver disease as well as geographical diversity.6
In this report, we examine the validity of the Model for
End-Stage Liver Disease (MELD) as a disease severity index
for patients with end-stage liver disease awaiting liver transplantation. This model was originally developed to assess the
short-term prognosis of patients with cirrhosis undergoing
the transjugular intrahepatic portosystemic shunt (TIPS) procedure.7 While its development was based on a highly selected
subgroup of patients with cirrhosis, we show in this study that
the model is able to provide a reliable estimate of short-term
survival over a wide range of liver disease severity and diverse
etiology. Figure 1 summarizes our approach in the validation
of the MELD scale. Starting with patients undergoing the TIPS
procedure, the model’s validity was tested with data obtained
from increasingly heterogeneous patient populations ranging
from patients hospitalized with advanced end-stage liver disease, to ambulatory patients with noncholestatic cirrhosis, to
patients with primary biliary cirrhosis (PBC), and to an unselected group of heterogeneous cirrhotic patients from a time

464

HEPATOLOGY Vol. 33, No. 2, 2001

KAMATH ET AL.

465

For example, in determining the risk of death within 3 months
in 2 individuals, if the one with a higher score dies before the
one with lower score 100% of the time, the c-statistic will be
1.0. If, on the other hand, the prediction is correct only 50% of
the time (i.e., the same as a coin toss), the c-statistic is 0.5. A
c-statistic of 0 would result if the prediction were wrong 100%
of the time.
This statistic is used commonly in evaluating a diagnostic
test. A c-statistic between 0.8 and 0.9 indicates excellent diagnostic accuracy and a c-statistic greater than 0.7 is generally
considered as a useful test. For prognostic models, a c-statistics of 0.9 or greater is seldom seen.

FIG. 1. Data sets used in the validation (total n 5 2,278). While the model
was developed in patients with end-stage liver disease undergoing the TIPS
procedure, the model was validated in a large number of patients with a
progressively wider spectrum of severity and etiology of liver disease.

when liver transplantation was not widely available. Based on
these validity data, we propose that the MELD scale fulfills the
requirement suggested by the IOM as an index by which to
allocate organs for liver transplantation.
WHAT IS THE MELD SCALE?

We have previously reported a model that uses serum creatinine, total serum bilirubin, International Normalized Ratio
(INR) for prothrombin time, and etiology of cirrhosis, which
accurately predicted survival in patients with cirrhosis undergoing the TIPS procedure.7 This model was derived from a
heterogeneous group of patients at 4 medical centers in the
United States and validated in an independent data set from
the Netherlands. Because survival following portosystemic
shunts is predominantly determined by the severity of the
underlying liver disease,8 we hypothesized that the same
model could be used as a prognostic indicator in patients with
advanced chronic liver disease in general and liver transplant
candidates in particular.
The MELD score is a slight modification of the risk score
used in the original TIPS model. For ease of use, the score was
multiplied by 10 and then rounded to the nearest integer.
Thus, the formula for the MELD score is 3.8*loge(bilirubin
[mg/dL]) 1 11.2*loge(INR) 1 9.6*loge(creatinine [mg/dL]) 1
6.4*(etiology: 0 if cholestatic or alcoholic, 1 otherwise). An
on-line worksheet is available over the Internet at www.
mayo.edu/int-med/gi/model/mayomodl.htm.
WHAT CRITERIA DETERMINE THE VALIDITY
OF THE MODEL?

Because the aim of this study was to validate the MELD
scale as a liver disease severity index in determining shortterm survival in liver transplant candidates, we chose
3-month survival as the primary outcome measure. In other
words, the main study question was whether the model is able
to rank patients according to their risk of death within 3
months. We also evaluated the model’s validity in assessing
very short-term (1 week) and longer-term (1 year) survival.
The mathematical measure to determine the validity of the
model was the concordance (c)-statistic (equivalent to the
area under receiver-operating-characteristic curve).9 This statistic may range from 0 to 1, with 1 corresponding to perfect
discrimination and 0.5 to what is expected by chance alone.

DOES THE MODEL PREDICT MORTALITY IN HOSPITALIZED
PATIENTS WITH CIRRHOSIS NOT UNDERGOING
THE TIPS PROCEDURE?

Because the MELD scale was developed in patients undergoing the TIPS procedure, the first study we conducted was to
examine the model’s usefulness in patients with decompensated cirrhosis not undergoing the TIPS procedure (“hospitalized” data set in Fig. 1).
All cirrhotic patients 18 years or older, hospitalized at the
Mayo Clinic between January 1994 and January 1999 were
identified using a computerized diagnostic index. Individual
hospital records were reviewed to verify the diagnosis of cirrhosis and extract information including patient demographic
data, liver disease diagnosis, portal hypertensive complications, and laboratory data. The characteristics of these patients are summarized in Table 1. Patients with concurrent
hepatocellular carcinoma, alcohol use within 1 month of hospitalization, advanced cardiopulmonary comorbidity, sepsis,
or intrinsic renal disease and those who were hospitalized for
liver transplantation were excluded. This yielded the final
sample of 282 patients hospitalized for complications of liver
disease.
Patient survival was assessed as the interval from the day of
hospitalization until death or last follow-up. The median
length of follow-up was 1.4 (range, 0-5.6) years. There were
129 deaths, 59 of which occurred during the first 3 months.
The c-statistic for prediction of 3-month survival by the
MELD score was 0.87 (95% confidence interval [CI], 0.820.92) (Table 2). Table 3 shows the relationship between the
MELD score and 3-month mortality.
These data also allowed computation of the CTP score,
which was also useful in classifying patients by their 3-month
survival. The 3-month mortality in patients with CTP class A
was 4%, for CTP class B it was 14%, and for class C it was 51%.
The c-statistic associated with the CTP score in the prediction
of 3-month survival was 0.84 (95% CI, 0.78-0.90).
DOES THE MODEL PREDICT MORTALITY IN AMBULATORY
PATIENTS NOT REQUIRING HOSPITALIZATION?

Because the model was developed in patients with decompensated liver disease requiring the TIPS procedure and because, as described in the previous section, we were satisfactorily reassured that the model performed well among
patients who were hospitalized for cirrhotic complications
but did not require the TIPS procedure, we next examined the
model’s validity in ambulatory patients with cirrhosis. The
issue that we wanted to address was whether the model is
calibrated for evaluation of far-advanced patients, making it
insensitive in patients not requiring hospitalization care.
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TABLE 1. Patient Characteristics
Ambulatory
Noncholestatic
N 5 491

Hospitalized
N 5 282

Demographic
Sex (% male)
Age (yr)
Median (range)
Cause of cirrhosis (%)
Alcoholic (%)
PBC (%)
PSC (%)
Viral hepatitis (%)
Other (%)
Laboratory parameters
Serum bilirubin (mg/dL)
Serum creatinine (mg/dL)
INR for prothrombin time
MELD

Ambulatory
PBC
N 5 326

Historical
N 5 1,179

55

53*

11

51

61 (50-69)

53 (44-59)*

49 (41-56)

60 (48-68)

30
13
2
21
33

3
0
0
89
8

—
100
—
—
—

26
18
0
56†

1.5 (0.8-3.2)
1.0 (0.9-1.3)
1.3 (1.1-1.5)
9 (4-14)

1 (1-1)
1 (1-1)
1.4 (1.2-1.7)
10 (8-13)

1.4 (0.8-3.5)
0.9 (0.8-1.0)
1.1 (1.0-1.1)
1 (22-5)

1.7 (0.9-3.5)
0.9 (0.8-1.1)
1.2 (1.0-1.5)
7 (3-13)

NOTE. Values reported are median (25th percentile-75th percentile).
* Age and gender were recorded in 74 patients.
† Postnecrotic cirrhosis.

Ambulatory Patients With Noncholestatic Liver Disease. Between June 1981 and June 1984, 491 consecutive patients at
the Ospadale V Cervello in Palermo, Italy newly diagnosed
with cirrhosis were included in a study to investigate the natural history of cirrhosis. This cohort consisted of ambulatory
patients predominantly with viral hepatitis (noncholestatic
ambulatory patients in Fig. 1). Detailed patient characteristics
are shown in Table 1. Prothrombin expressed as percent activity was converted to prothrombin time INR using standard
formula.10
After a median follow-up of 3.0 (range, 0.1-3.0) years, 117
patients had died, 34 of whom died in the first 3 months. The
c-statistic in the MELD scale’s prediction of 3-month mortality was 0.80 (95% CI, 0.69 to 0.90) (Table 2). Table 3 shows
3-month death rates by the MELD score.
Ambulatory Patients With PBC. We further evaluated the performance of the MELD score in PBC patients. This analysis is
based on a data set that was used to create the Mayo model
(n 5 418).11,12 These patients were accrued at the Mayo Clinic
between 1973 and 1984. The diagnosis of PBC was based on
established clinical, biochemical, serologic, and histologic criteria. Of these 418 patients, 92 lacked variables necessary for
the MELD score, leaving 326 for analysis. The characteristics
of the study subjects at baseline are described in Table 1 (ambulatory PBC data set in Fig. 1).
Subsequent to the initial enrollment in the study, patients
were followed prospectively. Of the 326 patients, 127 or 39%

died without liver transplantation, whereas 25 received liver
transplantation. Because patients in this data set had early
stage disease, there were only 5 deaths in the first 3 months.
The c-statistic for the MELD score’s prediction of 3-month
mortality was 0.87 (95% CI, 0.71-1.00). There were a total of
23 deaths during the first year of follow-up. The c-statistic for
1-year mortality remained at 0.87 (95% CI, 0.80-0.93) (Table
2). This compares favorably to the Mayo PBC model, which
has a c-statistic of 0.91 (95% CI, 0.83-0.99) in this group.
IS THE MODEL GENERALIZABLE TO PATIENTS WITH
DIVERSE ETIOLOGY AND SEVERITY OF LIVER DISEASE?

To further validate the model in patients with diverse etiology and severity of liver disease while minimizing the impact
of liver transplantation in altering the natural history and
survival of patients with cirrhosis, we retrospectively generated a cohort of patients with cirrhosis diagnosed between
1984 and 1988 (“historical” data set in Fig. 1). This time
period was chosen because it was the earliest time that laboratory data were electronically available at the Mayo Clinic.
A computerized institutional diagnostic index was used to
identify patients with diagnostic codes that corresponded to
cirrhosis in the following categories: postnecrotic cirrhosis,
alcohol-induced cirrhosis, and primary biliary cirrhosis. Patients 17 years or younger or those who denied research authorization (,2%) were excluded. This process resulted in
5,125 potential cases.

TABLE 2. Validity of MELD in Predicting Mortality

1-Week mortality
3-Month mortality
1-Year mortality

Hospitalized
N 5 282

Ambulatory
Noncholestatic
N 5 491

Ambulatory PBC
N 5 326

Historical
N 5 1179

0.95 (0.88-1.00)
0.87 (0.82-0.92)
0.85 (0.80-0.90)*

0.80 (0.67-0.94)
0.80 (0.69-0.90)
0.78 (0.70-0.85)

—
0.87 (0.71-1.00)
0.87 (0.80-0.93)

0.84 (0.78-0.89)
0.78 (0.74-0.81)
0.73 (0.69-0.76)†

NOTE. Values reported are the concordance statistic (95% CI).
* N 5 257; 25 patients lost to follow-up.
† N 5 1,108; 71 patients lost to follow-up.
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TABLE 3. Three-Month Death Rates
MELD

<9

10-19

20-29

30-39

>40

Hospitalized
Ambulatory noncholestatic
Ambulatory PBC
Historical

4% (6/148)
2% (5/213)
1% (3/308)
8% (55/711)

27% (28/103)
5.6% (14/248)
13% (2/16)
26% (90/344)

76% (16/21)
50% (15/30)
0% (0/2)
56% (47/84)

83% (5/6)
—
—
66% (23/35)

100% (4/4)
—
—
100% (5/5)

We screened these patients with the following laboratory
criteria to select those who were potentially at a risk of death
in the subsequent 3 months: total serum bilirubin concentration $2.0 mg/dL and serum albumin concentration #3.5
g/dL. While this process yielded 2,906 patients, an additional
1,469 were excluded because they did not have all the parameters necessary to compute the MELD score within a 7-day
period. Finally an additional 258 were excluded because of
lack of follow-up to determine the 3-month survival.
Hence, 1,179 patients were available for analysis. Of these,
there were 220 deaths within 3 months after the laboratory
values were measured. The c-statistic for prediction of
3-month survival by the MELD score was 0.78 (95% CI, 0.740.81) (Table 2). The mortality at 3 months is shown in Table 3.
DO INDIVIDUAL COMPLICATIONS OF PORTAL
HYPERTENSION ADD TO THE MELD SCALE?

A large volume of literature indicates that portal hypertensive complications such as ascites,13 encephalopathy,14
variceal bleeding,15 and spontaneous bacterial peritonitis
(SBP),16 adversely affect the survival of patients with cirrhosis. It is also recognized that in patients who experience these
complications, the degree of hepatic dysfunction is the most
important prognostic factor. Therefore, the question becomes
whether considering these individual complications of portal
hypertension provides further prognostic information in addition to the MELD score.
Not all the data sets that we have used for the validation of
the MELD scale contained specific information with regard to
the portal hypertensive complications. History of variceal
bleeding, ascites, and encephalopathy were available in the
“hospitalized” data set. The impact of SBP was analyzed by
reconstructing the diagnosis of SBP using peritoneal fluid
analysis data from the “historical” data set. The conventional
criteria of absolute neutrophil count greater than 250 /mm3
were used to identify patients with SBP.17 History of variceal
bleeding was also extracted from the medical index for the
“historical” data set. Finally, the ambulatory noncholestatic
data set contained information about the presence of ascites

and encephalopathy. Table 4 shows the effect of adding the
individual portal hypertensive complications to the MELD
score on the overall c-statistic. There is minimal improvement
in the prediction of the 3-month mortality, with the increase
in c-statistics ranging from less than 0.01 for spontaneous
bacterial peritonitis and variceal bleeding to 0.01 for hepatic
encephalopathy and 0.01 to 0.03 for ascites.
HOW IMPORTANT IS THE LIVER DISEASE ETIOLOGY IN
THE MELD MODEL?

In the current form of the MELD scale, patients with cholestatic and alcohol-induced liver disease are given lower risk
scores, when other parameters of liver disease are comparable.
Our original interpretation of the model was that the bilirubin
level in cholestatic patients has a connotation different from
that in patients with parenchymal liver disease. This is also
accounted for in the CTP score in which modified criteria for
bilirubin are applied to patients with cholestatic disease. With
regard to patients with alcohol-induced liver disease, we had
surmised that patients undergoing the TIPS procedure may be
more likely to abstain from alcohol, leading to subsequent
improvement in liver function and survival.
In the application of the model, however, particularly as a
disease severity index for organ allocation, several issues may
be relevant with regard to the inclusion of the etiology in the
model. First, for patients with alcohol-induced liver disease,
the vast majority of liver transplantation programs require a
certain length of time, most commonly 6 months, of abstinence before registration onto the waiting list. Thus, unlike
the selected patients with alcohol-induced liver disease included in the development and validation of the model, liver
transplantation candidates may have little room for improvement from subsequent abstinence and their survival may be
no different from other parenchymal diseases.
Second, patients with cholestatic disease may experience
different types of complications than parenchymal liver disease patients, such as pruritus, osteoporosis, fat malabsorption, and fatigue.18 In addition, patients with primary sclerosing cholangitis may have further complications such as
ascending cholangitis, cholangiocarcinoma, or problems re-

TABLE 4. Consideration of Portal Hypertensive Complications in the MELD Score
Hospitalized
N 5 282
Complication

N*

MELD

SBP
Variceal bleed
Ascites
Encephalopathy

—
30
116†
52†

—
0.87
0.87
0.87

Ambulatory Noncholestatic
N 5 491

MELD 1
Complication

—
0.88
0.88
0.88

N*

MELD

—
—
94
21

—
—
0.80
0.80

MELD 1
Complication

—
—
0.83
0.81

Historical
N 5 1179
N*

MELD

18
107
—
—

0.78
0.78
—
—

* Number of patients with the given complication.
† Due to missing values, 271 patients were included in the analysis for ascites or encephalopathy among hospitalized patients.

MELD 1
Complication

0.78
0.78
—
—
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TABLE 5. Impact of Exclusion of the Etiology of Liver Disease

With etiology in the model
Without etiology in the model

Hospitalized
N 5 282

Ambulatory
Noncholestatic
N 5 491

Ambulatory PBC
N 5 326*

Historical
N 5 1,179

0.87 (0.82-0.92)
0.86 (0.81-0.92)

0.80 (0.69-0.90)
0.82 (0.73-0.91)

0.87 (0.71-1.00)
0.87 (0.71-1.00)

0.78 (0.74-0.81)
0.78 (0.74-0.81)

NOTE. Values reported are the concordance statistic (95% CI).
* Because all patients in these data had PBC, there is no effect from excluding the etiology.

lated to inflammatory bowel disease.19,20 As these factors are
not incorporated in the current MELD scale, one may consider it inequitable to assign lower scores for patients with
cholestatic liver disease. Furthermore, patients with primary
sclerosing cholangitis are often put on ursodeoxycholic acid,
which may decrease the bilirubin level but does not provide
survival benefit.21
Third, difficulties in model application may arise when a
patient has a combination of 2 or more causes for the liver
disease, such as alcohol abuse and hepatitis C or PBC and
autoimmune hepatitis. Among patients with hepatitis C,
which is currently the leading indication for liver transplantation in the United States, many have coexistent alcoholinduced liver disease, making it difficult, if not impossible to
determine which is the primary cause of liver disease.
These factors led us to consider examining the validity of a
modified model that excludes the liver disease diagnosis. Table 5 shows in the 4 validation sets, the exclusion of the diagnosis has minimal influence on the c-statistics of the model.
IS THE MELD SCALE USEFUL IN ASSESSING VERY
SHORT-TERM SURVIVAL?

If the MELD scale is going to be used as the disease severity
index for the organ allocation system in which liver disease
severity will be the most weighed criterion, it is important for
the model to be valid in patients with the most advanced liver
disease and short-term survival likelihood. As shown in Table
2, the c-statistics when the MELD scale was used for prediction of 1-week mortality strongly suggest validity of its use to
determine short-term outcome (c-statistic range, 0.80-0.95).
DOES BODY SIZE AFFECT THE VALIDITY
OF THE MELD SCALE?

To the extent that the serum creatinine is determined in
part by the total body muscle mass as well as the renal function, the MELD score may underestimate the severity of liver
disease in patients with small body size.22 In examining the
impact of body size on the MELD score, patient body weight
and height were only available in the “hospitalized” patient
data set. Table 6 summarizes the serum creatinine concentration by age, sex, and body mass index. In both genders, there
TABLE 6. Relationship Between Body Size and Creatinine by Age and Sex
Men

Creatinine
BMI , 25
BMI $ 25

Women

Age < 50

Age > 50

Age < 50

Age > 50

0.8 [0.6-1.3]
1.1 [0.8-1.2]

1.3 [1.0-2.1]
1.1 [0.9-1.3]

0.9 [0.8-1.1]
0.8 [0.7-0.9]

0.9 [0.7-1.0]
0.9 [0.8-1.1]

NOTE. Data are presented as median [25th percentile-75th percentile].
Abbreviation: BMI, body mass index.

was no significant correlation between body mass index and
MELD score (r 5 20.05 for men [P 5 .6], r 5 0.19 for women
[P 5 .1]).
We tested whether adding body mass index to the MELD
score improves the model. In a logistic model predicting death
within 3 months in hospitalized patients, once the MELD
score is considered, the addition of the body mass index did
not improve the model (P 5 .14).
DISCUSSION

This study corroborates that the model previously developed to predict survival following the TIPS procedure may be
used as a reliable tool to assess survival in patients with
chronic liver disease not undergoing TIPS. The model, referred to as Model for End-Stage Liver Disease (MELD), is
based on serum creatinine, serum bilirubin, and INR for prothrombin time with or without liver disease etiology and is
generalizable to patient populations of diverse etiologies and
wide ranges of severity. Several aspects of the parameters used
in our model, in contrast to the Child-Turcotte-Pugh classification, need to be addressed further.
The CTP classification is the model most widely used to
determine prognosis in patients with liver disease.23,24 Although the original purpose of this system was to assess the
operative risk in patients undergoing surgical portosystemic
shunt, the classification has been used to stratify patients on
the waiting list for liver transplantation.4 The CTP classification is based on serum albumin, serum bilirubin, prothrombin
time, ascites, and encephalopathy. Although the classification
system has not been formally evaluated for its statistical accuracy, it has been shown to be useful in the assessment of
prognosis in patients with cirrhosis.25 However, when used as
a disease severity index to determine priority in organ allocation, the CTP system has a number of limitations. These
include (1) limited discriminatory ability, (2) subjective
interpretation of parameters, and (3) variability in the measurement of the laboratory parameters.
First, the CTP classification has a limited discriminatory
ability. Even when the CTP score, as opposed to CTP class, is
used, there are only 8 levels of difference between the least
sick transplant candidates (CTP score 5 7) and the most
advanced (CTP score 5 15). This creates many ties (i.e., transplant candidates with the same score) and necessitates an
emphasis on waiting time as a tie breaker. In addition, it is not
able to evaluate patients with markedly abnormal laboratory
parameters (so-called ceiling effect). For example, a patient
with a bilirubin of 3 mg/dL and a patient with a bilirubin of 30
mg/dL are given the same score and thus are determined to
have the same severity of liver disease. Likewise, patients with
an albumin of 2.8 g/dL or 1.5 g/dL are again determined to
have the same severity of liver disease. Finally, all the parameters in the system are given the same weight. For instance, a
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patient with an albumin of 3.5 g/dL and a patient with spontaneous hepatic encephalopathy are both given a score of 2,
even though the prognostic implication of the 2 abnormalities
is likely to be dissimilar. In contrast, the MELD scale is a
continuous system with no ceiling or floor in the score and the
coefficients in the scale are derived statistically so that appropriate weights are given to variables according to their relative
importance.
Second, the CTP score has parameters that require subjective assessment, namely ascites and encephalopathy. When
originally described, determination of ascites was based on
physical examination. Currently, however, ultrasound examination is frequently used to detect the presence of ascites.
Detection of encephalopathy is dependent on the examiner,
and there is no accepted definition of refractory encephalopathy. Thus, the scores given for the degree of ascites and
encephalopathy are difficult to standardize. Furthermore,
these parameters may change with treatment. In contrast, the
MELD scale is based on objective parameters. The only parameter in the model that required interpretation was the
etiology of liver disease. As described previously, when the
etiology of the liver disease was excluded, the accuracy of the
model did not suffer appreciably. Thus, the modified model
using only the variables of bilirubin, prothrombin time, and
creatinine completely exclude interpretative subjectivity
while preserving the accuracy of the model.
Third, even the more objective elements in the CTP system,
namely albumin and prothrombin time, may vary from one
laboratory to another. For instance, in an informal survey we
conducted, the normal range of albumin across the United
States varies from 2.9-4.5 g/dL in some laboratories to 3.8-5.1
g/dL at other laboratories. Because of this variability, a patient
with a 5% decrease in albumin synthesis will be given 1 point
in the CTP system in a laboratory where the lower limit of
normal for albumin is 3.8 g/dL (5% decrease 5 albumin 3.6
g/dL), but 3 points if the albumin is measured in a laboratory
where the lower limit of normal is 2.9 g/dL (5% decrease 5
albumin 2.8 g/dL). The prothrombin time is currently standardized and reported in most places worldwide as the INR for
prothrombin time. The prothrombin time in seconds, which
is used in the CTP classification, however, depends on the
sensitivity of the thromboplastin reagent used (International
Sensitivity Index, ISI) and, based on this sensitivity, the prothrombin time in seconds can vary greatly from laboratory to
laboratory. For example, for a prothrombin time INR of 2.0,
which is standardized across the country, a patient will have a
prolongation of the prothrombin time of 10 seconds if the ISI
for thromboplastin is 1, 4 seconds if the ISI for thromboplastin
is 2, and 2.6 seconds if the ISI is 3. Thus, for an identical INR
for prothrombin time, a patient can get a score of 1, 2, or 3 in
the CTP classification depending on which laboratory the prothrombin time is measured. Although there is some suggestion that prothrombin activity may more accurately reflect
liver function than the INR does,26 prothrombin activity is not
routinely measured in the United States.
All in all, in the comparison between the MELD scale and
the CTP score, the MELD scale is at least as good as the CTP
score in predicting short-term mortality, while it is devoid of
many limitations of the CTP score. In addition, it incorporates
serum creatinine level, a measure of renal function in patients
with liver disease and a well-recognized predictor of survival
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in patients with liver disease,13,27 and outcome post liver
transplantation.28-31
Of interest, the addition of spontaneous bacterial peritonitis, encephalopathy, variceal bleeding, or ascites to the MELD
scale did not improve the accuracy of the model. This indicates that patients with severe liver disease are the ones likely
to get complications of liver disease and, thus, the complications are not independent predictors of survival. We have
previously reported that hospital mortality in patients with
SBP is determined by serum bilirubin, creatinine, and prothrombin time,32 identical factors included in the MELD
scale. Finally, the comparison between the MELD scale and
the Mayo PBC model further reassures the validity of the
MELD scale. Given that the data set in which the two models
were compared was the one with which the PBC model was
developed and that the validity of the latter model has been
repeatedly shown, the small difference in the accuracy of prediction (0.91 for the PBC model versus 0.87 for the MELD
scale) bolsters our confidence in the MELD scale.
There are limitations to the MELD scale. First, although we
tried to maximize the range of disease severity that the scale
may be applied to, most of the data available to us were mostly
based on patients with advanced liver disease. Overall, the
3-month mortality among the data sets used in this report
range between 2% and 21%. This is in contrast to recent reports on the natural history of compensated cirrhosis from
hepatitis C, in which the 5-year mortality is described between 9% to 24%.33-36 Although this may warrant further validation of the MELD scale in patients with early stage cirrhosis, we believe this report provides sufficient evidence for its
use in liver transplant candidates with end-stage liver disease.
Second, although we presented data to support that the influence of the age, sex, and body mass on the MELD score is
unlikely to be clinically significant, it is possible that a more
direct measurement of renal function, such as iothalamate
clearance, may improve the accuracy of the model. Further
investigation on the optimal measurement of renal function in
this context may be needed. Another caveat regarding the
creatinine level is that excessive use of diuretics may result in
dehydration and worsening in the renal function. We recommend that for accurate application of the model, the value of
creatinine should be used to determine survival when the
patient is hemodynamically stable and adequately hydrated.
In summary, MELD is a reliable measure of short-term mortality risk in patients with end-stage liver disease of diverse
etiology and severity. As a comprehensive indicator of physiologic reserve of patients with decompensated cirrhosis, the
validity of the MELD scale is shown in patients with advanced
liver disease independent of complications of portal hypertension. In addition to the validity of the score in diverse clinical
circumstances, many of its characteristics such as the use of
easily available, objective parameters as well as its advantage
over the CTP score such as continuous, interval scale, lack of
ceiling or floor effect, and stability of laboratory measures
make it compatible with the criteria proposed by the IOM for
application in the allocation decisions for liver transplantation.
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