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Abstract: The Model for End-Stage Liver Disease (MELD) score incorporates serum bilirubin, 

creatinine, and the international normalized ratio (INR) into a formula that provides a continu-

ous variable that is a very accurate predictor of 90-day mortality in patients with cirrhosis. 

It is currently utilized in the United States to prioritize deceased donor organ allocation for 

patients listed for liver transplantation. The MELD score is superior to other prognostic models 

in patients with end-stage liver disease, such as the Child–Turcotte–Pugh score, since it uses 

only objective criteria, and its implementation in 2002 led to a sharp reduction in the number 

of people waiting for liver transplant and reduced mortality on the waiting list without affecting 

posttransplant survival. Although mainly adopted for use in patients waiting for liver transplant, 

the MELD score has also proved to be an effective predictor of outcome in other situations, 

such as patients with cirrhosis going for surgery and patients with fulminant hepatic failure or 

alcoholic hepatitis. Several variations of the original MELD score, involving the addition of 

serum sodium or looking at the change in MELD over time, have been examined, and these 

may slightly improve its accuracy. The MELD score does have limitations in situations where 

the INR or creatinine may be elevated due to reasons other than liver disease, and its imple-

mentation for organ allocation purposes does not take into consideration several conditions that 

benefit from liver transplantation. The application of the MELD score in prioritizing patients 

for liver transplantation has been successful, but further studies and legislation are required to 

ensure a fair and equitable system.
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Cirrhosis is typically a progressive condition characterized by marked fibrosis and 

nodule formation in the liver due to a number of causes. It is usually irreversible and 

led to over 30,000 deaths in the United States in 2009, making it the 12th leading 

cause of mortality.1 Cirrhotic patients can have well-compensated disease with little 

or no symptoms or present with decompensated disease, including ascites, encephal-

opathy, or gastrointestinal bleeding, due to portal hypertension. These latter patients 

are candidates for liver transplantation (LT).2

There are currently 15,000 patients awaiting LT in the United States, and only 

6000–6500 transplants are performed annually; meanwhile, there is a 10% rate of 

death on the waiting list.3 Historically, allocation of deceased donor (DD) organs for 

LT was based primarily upon the amount of time a patient spent on the waiting list 

and subjective measures of disease severity. In 1998, the US Department of Health 

and Human Services issued its “Final Rule,” calling on the transplant community to 

establish a set of objective criteria in prioritizing patients for transplant that were 
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most at need.4 Subsequently, the Model for End-Stage Liver 

 Disease (MELD) was developed and adapted as a prognostic 

tool in advanced liver disease and is now used by UNOS to 

prioritize DD organ allocation for patients listed for LT.5 The 

validity of the MELD score has since been shown in a variety 

of clinical scenarios to prognosticate the outcome in patients 

with advanced liver disease.

Natural history and clinical 
presentation of end-stage  
liver disease
Cirrhosis is the end-stage of a variety of chronic liver dis-

eases, including viral or autoimmune hepatitis, metabolic and 

alcoholic liver disease, and fatty liver disease. The course of 

chronic liver disease is variable and not all patients will develop 

cirrhosis. However, if present there is a wide range of clinical 

and laboratory presentations, which can vary depending on 

the etiology. The natural history starts with a stable “com-

pensated” phase. Many patients with compensated cirrhosis 

are asymptomatic and can remain in this stage with only 

slow progression for many years. In a cohort of patients with 

well-compensated cirrhosis from chronic hepatitis C (HCV) 

infection, life expectancy was found to be relatively high with 

a 5-year survival of 91%.6 Patients with nonalcoholic steato-

hepatitis (NASH)-related cirrhosis and cryptogenic cirrhosis 

(CC) appear to have slower disease progression than patients 

with HCV-associated cirrhosis while waiting for LT.7  Alcoholic 

cirrhosis has a similar natural history to HCV- related cirrhosis, 

with abstinence from alcohol being extremely important in 

improving survival of these patients.8

Another potential risk in patients with cirrhosis is the 

development of hepatocellular carcinoma (HCC), which 

varies according to etiology of the liver disease; viral hepa-

titis and some metabolic diseases confer a higher risk than 

NASH or CC. The development of HCC can herald the onset 

of decompensation but typically is asymptomatic and often 

identified on surveillance abdominal imaging.

Decompensated cirrhosis is characterized by manifes-

tation of the complications of portal hypertension and/or 

liver dysfunction. The main clinical presentations include 

fatigue, abdominal distension from ascites, gastrointestinal 

bleeding from esophageal or gastric varices, and confusion 

due to portosystemic encephalopathy. The development of 

other complications can lead to a rapid decline, particularly 

spontaneous bacterial peritonitis and hepatorenal syndrome. 

Patients can present with cardiorespiratory complaints, such 

as dyspnea, which may be a manifestation of shunting in the 

pulmonary vasculature due to hepatopulmonary syndrome 

or portopulmonary hypertension. Once clinical decompen-

sation has occurred, the prognosis is poor, with 50% 5-year 

survival.6 Mortality is almost doubled when compared to 

patients with compensated cirrhosis.

In managing patients with decompensated cirrhosis, drug 

therapy for ascites, PSE and prophylaxis of variceal hemor-

rhage are the mainstay, but LT provides the only curative 

treatment option with excellent long-term results. However, 

the paucity of DD organs highlights the importance of an 

equitable organ allocation process. Up until 2002 a major 

determinant of a patient’s priority on the LT waiting list was 

accumulated waiting time and hospitalization status. Patients 

in the intensive care unit (ICU) would receive priority, fol-

lowed by non-ICU hospitalized patients and then outpatients. 

Assessment of the severity of illness also played a role and 

utilized the Child–Turcotte–Pugh (CTP) score.

CTP score
The CTP score was originally developed for stratifying the 

severity of liver disease. In 1964, Child and Turcotte pub-

lished a classification system as a tool to determine the pre-

operative risk of portosystemic shunt surgery for patients with 

variceal bleeding. It took into account five factors, including 

ascites, encephalopathy, nutritional status, and serum levels 

of bilirubin and albumin.9 In 1973, Pugh et al modified this 

system and replaced nutritional status with prothrombin 

time (PT) and assigned a score ranging from 1 to 3 for each 

variable.10 This modified score was eventually expanded to 

predict outcomes in cirrhotic patients undergoing surgery. In 

1998, UNOS also modified its listing criteria to include the 

CTP score to stratify potential liver recipients.

The CTP score has several limitations, however,  especially 

with respect to potential use for prioritizing  possible LT recip-

ients. One major limiting factor is that it uses two  subjective 

parameters in its calculation, portosystemic encephalopathy 

and severity of ascites. The interpretation of these symptoms 

is reliant on physical examination and is subject to differing 

interpretations among individual  clinicians. In addition, both 

level of encephalopathy and ascites are subject to iatrogenic 

manipulation with medical therapies, such as lactulose, albu-

min, and diuretics. A second limiting factor of CTP is that 

renal function, a valuable prognostic marker in cirrhosis, is 

not taken into account.11,12

Aim and purpose of MELD
In the late 1990s it became apparent that there were major 

inequalities in the distribution of DD organs for LT, with 

time on the waiting list and geographic location playing an 
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important role. In addition, the various categories patients 

were placed in while waiting were based on relatively sub-

jective CTP scores and hospitalization status. This led to 

discrepancies in waiting time across geographic regions and 

suggested that patients’ chances of receiving a transplant 

were affected by where they lived.13 In 1998, the United 

States Department of Health and Human Services issued the 

“Final Rule” regulation, stating that the allocation of scarce 

DD livers should be based primarily on medical urgency and 

less emphasis should be placed on keeping organs in the local 

procurement area.14 The Institute of Medicine reviewed the 

impact of the final rule and recommended that the size of organ 

allocation areas be increased to a population base of 9 million 

people and disease severity should be based on an objective 

point system and waiting time should not be a factor.4

The precursor of the MELD score was introduced in 

an article published in 2000 by Malinchoc et al as a model 

to predict survival in patients with complications of portal 

hypertension undergoing elective placement of transjugular 

intrahepatic portosystemic shunts.15 Based upon a multivari-

ate analysis investigating many predetermined variables, the 

authors identified four variables that had an independent and 

significant impact on short-term, 3-month survival. These 

variables included serum bilirubin, creatinine, the interna-

tional normalized ratio (INR), and the cause of cirrhosis 

(alcoholic and cholestatic versus other causes). In 2001, the 

same group slightly modified this risk score into the MELD 

score, which incorporated serum bilirubin, creatinine, and 

INR, without the etiology of cirrhosis.16 The MELD score 

formula is: 3.8[log
e
 serum bilirubin (mg/dL)] + 11.2 [log

e
 

INR] + 9.6 [log
e
 serum creatinine (mg/dL)] + 6.4. The accu-

racy of the MELD score was evaluated with the “concordance 

statistic,” or c-statistic, in which a c-statistic of .0.7 indicates 

a test with reasonable clinical utility, while a c-statistic .0.8 

implies a strong diagnostic test. The c-statistic for MELD in 

this study for 3-month survival was almost always .0.8 in 

all cirrhotic patients studied. The addition of other complica-

tions of cirrhosis, such as ascites, encephalopathy, variceal 

bleeding, and spontaneous bacterial peritonitis, did not 

improve its diagnostic accuracy. The authors concluded that 

the MELD score was superior to the CTP score and proposed 

that it be used in the prioritization for the allocation of DD 

organs for LT.

On February 27, 2002, the MELD score was adopted by 

UNOS in prioritizing allocation of DD organs for LT in the 

United States. The major advantage of the MELD score over 

the CTP score was its ability to provide a continuous score 

based upon objective parameters in order to provide donor 

organs to the sickest patients first. In a 2003 study, Wiesner 

et al confirmed the predictive accuracy of the MELD score 

in predicting the 3-month mortality among 311 patients with 

chronic liver disease on the pretransplant waiting list.17 The 

results showed that the mortality of patients with end-stage 

liver disease while on the waiting list was directly propor-

tional to the MELD score at the time of listing (Figure 1). The 

authors concluded that the MELD score was superior to the 

CTP score in predicting 3-month mortality with a c-statistic 

of 0.83 for MELD and 0.76 for CTP.

For many years the number of people waiting for LT 

had been steadily rising, but the implementation of the 

MELD score resulted in an immediate 12% decrease in the 

total number of new candidates listed for transplantation 

 (Figure 2).18 This likely was partly because waiting time was 

no longer a factor in allocation, removing the incentive to 

list patients with low MELD scores in order to gain waiting 

time. Similarly, by transplanting sicker patients, the steady 

rise in deaths on the waiting list was reversed by 3.5% in 

the first year of MELD (Figure 3), with an overall reduction 

in median waiting time and no adverse effect on early post-

transplant survival.19

UNOS has established eleven geographic regions for 

administrative purposes. Within these regions there are a 

total of 58 organ procurement organizations that are tasked 

with DD organ recovery in their local area. Organs are allo-

cated initially locally, then regionally, and finally nationally 

depending on the MELD score of patients on the waiting list 

(which is subdivided by blood type).

An important study by Merion et al20 showed that 

patients with MELD , 15 had a greater risk of mortality 

at 1-year posttransplant as compared to similar patients 

with MELD , 15 who remained on the waiting list. The 
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Figure 1 Three-month mortality based on listing MELD in patients on the OPTN 
waiting list.
Reprinted from SRTR/OPTN annual report 2003. Available at http://www.srtr.org.
Abbreviations: MELD, Model for End-Stage Liver Disease; SRTR, Scientific 
Registry of Transplant Recipients; OPTN, Organ Procurement and Transplantation 
Network.
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tors with higher values reflecting a “poorer” quality organ 

with a greater risk of graft failure. Compared to high-MELD 

recipients, low-MELD recipients (MELD 6–8) who received 

high-DRI organs experienced significantly higher mortal-

ity (hazard ratio = 3.70; P , 0.0005). On the other hand, 

all recipients with MELD $ 20 had a significant survival 

benefit from transplantation, regardless of the DRI. The 

authors concluded that transplantation of high-DRI organs is 

effective for high- but not low-MELD candidates and urged 

for careful pairing of organs and recipients, particularly in 

those with low MELD scores. This led credence to the idea 

that transplanting low MELD score patients may impose 

higher risk than benefit, which favors the use of a broader 

organ sharing system.

Although the Share-15 policy may help to reduce 

regional variability in MELD at transplant, the 2010 

SRTR/OPTN annual report24 showed that there remains a 

marked disparity in median MELD scores for adult DDLT 

among the eleven regions (Figure 4). This translates into 

vast differences in waiting time (Figure 5) among patients 

from various regions and even between different centers.25 

Given these circumstances, if insurance and financial 

resources permit, some patients opt to move to a region 

with a lower median wait time. These inequalities show 

that the allocation system needs to continuously be re-

examined and that there may still be improvements that 

can be made.

Other applications of MELD
Surgical risk
Patients with cirrhosis are at increased risk for periopera-

tive morbidity and mortality with all types of surgery. The 

CTP score was created and has been traditionally applied to 

stratify surgical risks in patients with chronic liver  disease. 

However, recent studies have shown that the MELD score is 

equally good, if not better, at predicting operative mortality 

for patients with cirrhosis undergoing cardiac and noncardiac 

surgery. A retrospective analysis by Teh et al showed that in 

772 patients with cirrhosis who underwent major gastroin-

testinal surgery (n = 586), orthopedic surgery (n = 107), or 

cardiovascular surgery (n = 79), MELD was a strong predictor 

of mortality at 30 days, 90 days, and persisting throughout 

a 20-year follow-up period.26 Postsurgical mortality at 

30 days was 5.7% for MELD score # 8, while it was .50% 

for MELD score $ 20. Multiple retrospective studies have 

come to similar conclusions showing higher postoperative 

mortality in various types of nontransplant surgery with rising 

MELD scores.27–29
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Figure 2 Number of patients on the liver waiting list, 1993–2002.
Reprinted from SRTR/OPTN annual report 2003. Available at http://www.srtr.org.
Abbreviations: SRTR, Scientific Registry of Transplant Recipients; OPTN, Organ 
Procurement and Transplantation Network.

2,000

1993 1994 1995 1996 1997

Year

N
u

m
b

er
 o

f 
d

ea
th

s

1998 1999 2000 2001 2002

1,800

1,600

1,400

1,200

1,000

800

600

400

200

0

Figure 3 Number of deaths on the liver waiting list, 1993–2002.
Reprinted from SRTR/OPTN annual report 2003. Available at http://www.srtr.org.
Abbreviations: SRTR, Scientific Registry of Transplant Recipients; OPTN, Organ 
Procurement and Transplantation Network.

Organ Procurement and Transplantation Network (OPTN) 

implemented the “Share-15” policy in January 2005 with 

the intent to provide sicker patients (MELD . 15) within a 

larger region priority over local patients with MELD , 15. 

The implementation of this policy resulted in a 36% decrease 

in the proportion of LT recipients with MELD score , 15 

and reduced variability in the MELD score at the time of 

transplant across the  country.21 Under the current system,22 

the distribution sequence for a donor liver would be as 

 follows: (1) local status 1, (2) OPTN region status 1, (3) local 

MELD $ 15, (4) OPTN region MELD $ 15, (5) local 

MELD , 15, (6) OPTN region , 15, (7) national status 1, 

(8) national any MELD.

Using data from the Scientific Registry of Transplant 

Recipients (SRTR) on 28,165 adult liver transplant candidates 

wait listed between 2001 and 2005, Schaubel et al23 estimated 

the survival benefit from LT taking into account the candidate 

MELD score and deceased donor risk index (DRI). The DRI 

is a marker of DD organ quality incorporating  several fac-
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23.0 24.0 25.0 26.5

Figure 4 Median MELD score at time of transplant for adult deceased donor liver transplants, by donor service area in the United States, 2009.
Reprinted from SRTR/OPTN annual report 2010. Available at http://www.srtr.org.
Abbreviations: MELD, Model for End-Stage Liver Disease; SRTR, Scientific Registry of Transplant Recipients; OPTN, Organ Procurement and Transplantation Network.
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Figure 5 Median months to liver transplant for adult patients transplanted in 2009, by donor service area in the United States, 2009.
Reprinted from SRTR/OPTN annual report 2010. Available at http://www.srtr.org.
Abbreviations: SRTR, Scientific Registry of Transplant Recipients; OPTN, Organ Procurement and Transplantation Network.

Esophageal variceal bleeding
Esophageal variceal bleeding is a life-threatening compli-

cation of cirrhosis, with studies showing that in-hospital 

 mortality can be as high as 20%–25%.30 In a retrospective 

study by Chalasani et al, MELD was used to evaluate mortal-

ity in 239 patients presenting with acute variceal bleeding. 

MELD was predictive of in-hospital mortality with a c-statistic 

of 0.82,31 a finding confirmed in several other studies.32–34

Hepatorenal syndrome
Hepatorenal syndrome (HRS) is defined by renal dysfunc-

tion in the absence of kidney disease in individuals with 
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 end-stage liver disease, alcoholic hepatitis, or fulminant 

hepatic failure from any cause. HRS is subdivided into two 

types35 depending on the acuity of the renal dysfunction. 

HRS type 1 presents with a doubling of the serum crea-

tinine concentration (above 2.5 mg/dL) and reduction of 

creatinine clearance (CrCl) by 50% (or ,20 mL/min) in less 

than 2 weeks. It is associated with very poor outcomes with 

1-month mortality exceeding 50%.35 HRS type 2 is defined 

by an increase in serum creatinine level to .1.5 mg/dL (or 

CrCl , 40 mL/min) and a urine sodium level , 10 mmol/L. 

HRS type 2 has a less progressive course but still has a 

6-month mortality of 50%.35,36

The only curative measure for both types is LT. In a study 

of 105 patients with cirrhosis and HRS, Alessandria et al 

showed that HRS type and MELD score were independent 

predictors of outcome.37 All patients with type 1 HRS had 

a high MELD score (.20) and showed an extremely poor 

outcome with 1-month median survival. By contrast, survival 

in patients with type 2 HRS was longer and independently 

related to MELD score. Those with MELD score $ 20 had 

a median survival of 3 months versus 11 months in those 

with MELD , 20 (P , 0.002). This is not surprising since 

creatinine is heavily weighted in the MELD score equation 

but underscores the fact that renal dysfunction in patients 

with liver disease is an ominous sign.

Acute liver failure/UNOS status 1
Currently patients with acute liver failure are assigned a 

UNOS status 1 priority for LT, which means they are listed 

ahead of all patients listed with a MELD score on the waiting 

list.32 Patients listed as status 1 must fulfill one of the follow-

ing criteria: (1) fulminant hepatic failure (FHF), defined as 

the onset of hepatic encephalopathy within 8 weeks of the 

first symptoms of liver failure with no pre-existing liver dis-

ease; (2) nonfunction of a transplanted liver within 7 days of 

implantation; (3) hepatic artery thrombosis in a transplanted 

liver within 7 days; (4) acute decompensated Wilson disease. 

Patients must fulfill one of the above criteria in addition to 

being hospitalized in the ICU with a life expectancy to be 

less than 7 days to be qualified for the emergent listing. 

Their ranking within this category depends upon blood type, 

geographic location of the patient, and waiting time on the 

transplantation list.

Yantorno et al demonstrated that in a series of 120 patients 

with FHF, the c-statistic for the MELD score in predicting poor 

prognosis in adults with FHF was .0.95 and was superior to pre-

existing prognostic tools, such as the King’s College  Criteria.38 

When examining  acetaminophen-induced hepatic failure, 

Schmidt and Larsen showed that a higher MELD score on the 

first day after overdose was strongly associated with develop-

ment of hepatic encephalopathy and subsequent FHF.39

In a retrospective analysis of 720 UNOS status 1 patients 

from 1999–2002, Kremers et al40 noted that an increased 

MELD score had a negative correlation with survival in 

patients with FHF not associated with acetaminophen toxicity 

(FHF-NA). The same group of patients also experienced the 

greatest survival benefit associated with LT. However, similar 

correlations were not observed in acute liver failure due to 

other status 1 indications, such as primary graft nonfunction 

or hepatic artery thrombosis. These findings suggest that the 

MELD score may be useful for prioritizing organ allocation 

for LT in some cases of FHF, but the failure of subsequent 

studies to confirm these findings41,42 means that the current 

system of a status 1 assignment is preferred.

Alcoholic hepatitis
Alcoholic hepatitis (AH) is characterized by acute or acute 

on chronic hepatocyte inflammatory injury from chronic 

excessive alcohol consumption. Clinical signs can vary from 

asymptomatic with mild elevation of liver chemistries to 

development of acute liver failure. According to the National 

Institute on Alcohol Abuse and Alcoholism, mortality in 

severe cases can be as high as 50%.43 The discriminant 

function (DF) has traditionally been used to predict short-

term survival in patients with AH and is calculated by the 

following equation: DF = 4.6 [PT in seconds - control PT] + 

serum bilirubin (mg/dL). A score $ 32 has been used to 

predict significant mortality and to determine the need for 

glucocorticoids or pentoxifylline therapy.44 However, the DF 

is limited in its applicability as it relies largely upon measure-

ment of the control PT, which is subject to variability among 

different medical laboratories.

A retrospective study by Dunn et al examined a cohort 

of 73 patients diagnosed with AH. The c-statistic comparing 

the prognostic validity of MELD and DF in AH was com-

parable for 30-day as well as 90-day mortality.45 A MELD 

score of $21 had 75% sensitivity and 75% specificity for 

predicting 90-day mortality. The investigators concluded 

that MELD is a useful clinical tool with which to gauge 

mortality and guide treatment decisions, although they did 

not recommend an exact MELD score cut-off point to initiate 

therapy and felt more studies were needed. A similar study of 

202 patients admitted for AH found the MELD score to be 

superior to the DF score in predicting in-hospital  mortality. 

MELD scores were recorded at two time points, including 

admission and at the first week, along with the interval 
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change in score. All three of these factors were found to be 

independently associated with in-hospital mortality. The first 

week MELD score cut-off at 20 had the highest sensitivity 

and specificity in predicting mortality.46 In patients with 

AH, MELD $ 20 appears to be an independent predictor 

of development of septic events, HRS and short-term, in-

hospital, liver-related mortality. Hence, this group of patients 

should be actively screened for sepsis and monitored closely 

for development of HRS.47

Problems and limitation of MELDs
The MELD score has proven to be a useful tool to assess 

the severity of liver disease. However, since it is based only 

on three objective laboratory variables, it can be affected by 

other clinical situations that can alter these variables. For 

example, an elevated INR can be secondary to warfarin use. 

In addition, patients may have an elevated serum creatinine 

from underlying kidney disease rather than hepatorenal 

 syndrome. Serum bilirubin can be elevated in cases of sepsis 

or hemolysis. Any of these issues can increase the MELD 

score and overestimate the severity of liver disease.

Conversely, there are situations where the calculated 

MELD score does not take into account other conditions 

related to the underlying liver disease that are associated with 

an overall poor prognosis without LT. For organ allocation 

purposes in LT, this has led to the concept of the “MELD 

exception.” The most common example is HCC, where 

almost all patients have pre-existing chronic liver disease 

and cirrhosis. Many patients with HCC do not demonstrate 

the degree of hepatic synthetic dysfunction necessary to 

give them a high enough MELD score to get priority for 

transplant. A seminal Italian study showed that LT in selected 

patients with early HCC leads to comparable long-term sur-

vival to those without malignancy.48 Early HCC determined 

by these Milan criteria, defined as either a single lesion 

# 5 cm or up to three separate lesions but none .3 cm, 

without evidence of gross vascular invasion, and no regional 

nodal or distant metastases, is now a common reason for 

granting a MELD exception. Multiple studies have validated 

the use of the Milan criteria for improving survival in patients 

with HCC.49–51 Under current UNOS policy, patients who fit 

the Milan criteria are assigned an initial MELD exception 

score of 22 points, with an interval increase every 3 months 

on the waiting list to reflect a corresponding increase in the 

estimated 3-month mortality rate.

Other situations where MELD exceptions are given 

include recurrent episodes of cholangitis in patients with 

primary sclerosing cholangitis, hepatopulmonary syndrome 

(characterized by PaO
2
 , 60 mmHg on room air), and por-

topulmonary hypertension (characterized by a mean pulmo-

nary artery pressure $ 35 mmHg at diagnosis that must be 

maintained at ,35 mmHg with treatment). Other rare condi-

tions where there may not be any underlying liver dysfunction 

but where LT is the best treatment option can also benefit 

from a MELD exception, such as polycystic liver disease, 

familial amyloidosis, and primary oxaluria.22 Patients listed 

with the MELD exception typically receive a 10% increase 

in their MELD score every 3 months while on the waiting 

list (Table 1). Each individual transplant center may also 

submit petitions to a review board in their UNOS region for 

additional MELD points for patients whose medical urgency 

is not reflected by their calculated MELD score.

Newer variations of MELD
Although the MELD score is a good predictor of mortality 

in patients with chronic liver disease, several studies have 

looked at adding other variables or monitoring the change 

in MELD over time to improve its accuracy.

∆MELD
Measuring the change in MELD scores over time (∆MELD) 

is thought to estimate the rate of loss of residual liver  function. 

In a study by Huo et al, 351 cirrhotic patients were prospec-

tively followed and ∆MELD showed better prognostic value 

for mortality compared to initial MELD and CTP scores at 

6- and 12-month follow-up.52 The magnitude and direction 

of change in MELD score during the previous 30 days also 

appears to be a significant independent  mortality predictor.53 

Table 1 Acceptable indications for a MELD exception in the 
United States

Condition Typical MELD  
exception points

Hepatocellular carcinoma (within Milan criteria) 22
Hepatopulmonary syndrome 22
Cholangiocarcinoma *
Cystic fibrosis *
Familial amyloid polyneuropathy *
Primary hyperoxaluria 28
Portopulmonary hypertension *
Repeated cholangitis in PSC *
Polycystic liver disease *
Metastatic neuroendocrine tumor *

Notes: All conditions have to meet specified criteria to qualify for an exception. 
*The initial MELD exception is determined on a regional basis by the regional review 
board. Other conditions can be appealed for based on regional guidelines.
From http://optn.transplant.hrsa.gov/PoliciesandBylaws2/policies/pdfs/policy_8.pdf. 
(http://www.optn.org).
Abbreviations: MELD, Model for End-Stage Liver Disease; PSC, primary sclerosing 
cholangitis.
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Conversely, a negative ∆MELD is likely to predict a subse-

quent lower risk of mortality. Therefore, the ∆MELD score 

may have a better prognostic value for mortality than the 

MELD score at a single time point.

MELDNa
Another variation of MELD incorporates the serum sodium 

to give the MELD sodium (MELDNa). Hyponatremia is 

 commonly associated with ascites, hepatorenal syndrome 

and is a marker for increased mortality among candidates 

for LT.54–58 Multiple studies have also shown that serum sodium 

levels may have a more significant correlation with mortality 

among patients with low MELD scores as compared to those 

with very high MELD scores.58,59 Pre-operative hyponatremia 

has also been found to be an independent predictor of mortality 

following LT.60 These findings have led to proposals to incor-

porate serum sodium into the current MELD-based allocation 

system of DD livers in the United States.

Given these observations, Kim et al developed a new scor-

ing system called MELDNa based upon data retrospectively 

collected from patients on the LT waiting list in 2005.61 The 

formula is calculated by: MELDNa = MELD - Na - [0.025 * 

MELD * (140 - Na)] + 140, for sodium concentrations between 

125 and 140 mEq/L. The group then applied this formula 

prospectively to patients on the transplant list in 2006 and 

observed that MELDNa may be superior to MELD in pre-

dicting mortality.

In addition to its prognostic value in mortality among 

patients on the transplant waiting list, MELDNa has been 

applied to patients with acute hepatitis and was proven to 

have a better prognostic accuracy than the MELD score.62 

Similarly, MELDNa was superior to the MELD score in 

predicting postoperative 90-day mortality in cirrhotic patients 

who underwent surgery under anesthesia.63 This new score 

is likely to be adopted by UNOS for DD organ allocation 

for LT in the future.

Recently the calculation of the MELD score has been 

slightly adjusted using updated coefficients for each of the 

variables in the equation and newer upper and lower levels 

for creatinine with a modest improvement in the c-statistic 

(refit MELD).64

Conclusion
Since the development of the MELD scoring system in 2001, 

MELD has been validated and applied to a wide spectrum of 

clinical scenarios. The implementation of MELD to prioritize 

DD organs for LT in 2002 led to a sharp reduction in wait-

ing list registrations and reduced mortality on the waiting 

list without affecting posttransplant outcomes.62 The MELD 

score helps clinicians to risk stratifying various interventions 

on a daily basis in patients with cirrhosis in addition to influ-

encing treatment options. The MELD scoring system does 

have its limitations, and further modification may improve 

its prognostic accuracy in the future.
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