
M
ELD
Special Article JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY
Key
Rec
Add
and
E-m
Abb
tat
Un
tos
in
life
ass
bal
dis
live
fun
hem
htt

© 2
Model for End-stage Liver Disease

Ashwani K. Singal, Patrick S. Kamath

Division of Gastroenterology and Hepatology, Mayo Clinic, Rochester, MN, USA
word
eived:
ress f
Hep
ail: k
revia
ion; C
ited N
ystem
renal
year
essm
ance
ease s
r kid
ction
orrh

p://d

012
Model for end-stage liver disease (MELD) score, initially developed to predict survival following transjugular in-
trahepatic portosystemic shunt was subsequently found to be accurate predictor of mortality amongst patents
with end-stage liver disease. Since 2002, MELD score using 3 objective variables (serum bilirubin, serum creati-
nine, and institutional normalized ratio) has been used worldwide for listing and transplanting patients with
end-stage liver disease allowing transplanting sicker patients first irrespective of the wait time on the list.
MELD score has also been shown to be accurate predictor of survival amongst patients with alcoholic hepatitis,
following variceal hemorrhage, infections in cirrhosis, after surgery in patients with cirrhosis including liver re-
section, trauma, and hepatorenal syndrome (HRS). Although, MELD score is closest to the ideal score, there are
some limitations including its inaccuracy in predicting survival in 15–20% cases. Over the last decade, many ef-
forts have been made to further improve and refine MELD score. Until, a better score is developed, liver alloca-
tion would continue based on the currently used MELD score. ( J CLIN EXP HEPATOL 2013;3:50–60)
Allocation of organs for liver transplantation in the
United States in the 1980s and early 1990s was pri-
oritized based on the level of care required by the

patient: hospitalized patients in the intensive care unit,
hospitalized patients on the regular floor, and outpatient
care. This approach had the potential of ‘gaming’ the
system by keeping the patients in ICU in order to be trans-
planted. In 1996, a consensus conference mandating need
for minimal criteria for listing the patients for liver trans-
plantation (LT) introduced the Child–Pugh–Turcotte
(CTP) score for liver allocation.1 CTP score is based on se-
verity of 3 objective (serum albumin, serum bilirubin, and
prothrombin time) and 2 subjective (ascites and encepha-
lopathy) parameters. Subjective parameters vary with use
of diuretics or paracenteses for ascites and use of lactulose
for encephalopathy. CTP score introduced to some extent
the concept of ‘sicker patient first’with the introduction of
status 1A for patients with fulminant hepatic failure,
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primary non-function or hepatic artery thrombosis within
7 days of transplantation, and decompensated Wilson's
disease. Organ allocation for patients with end-stage liver
disease (ESLD), however, largely depended on waiting
time on the list. In 1998, the Institute of Medicine man-
dated that patients be allocated organs based on their dis-
ease severity and risk of death rather than on waiting time.2
DEVELOPMENT OF THE MODEL FOR
END-STAGE LIVER DISEASE SCORE AND
ADOPTION BY THE UNITED NETWORK FOR
ORGAN SHARING FOR LIVER ALLOCATION

February 27, 2002 was a historical day when the MELD
score was adopted and approved by the United Network
for Organ Sharing (UNOS) as a score to allocate organs
for patients awaiting liver transplantation (LT) in the
United States.3 This score changed the policy of organ
allocation not only upholding the concept of “patient
comes first” but also “sickest patient comes first”. That
is, the patient most at risk for mortality would be at the
highest priority for organ allocation.

MELD score was developed by a group of researchers
at the Mayo Clinic initially as a model to predict survival
following transjugular intrahepatic portosystemic (TIPS)
for refractory variceal bleeding or refractory ascites.4

The model was later shown to quite accurately predict
3 months mortality amongst patients with chronic
end-stage liver disease awaiting LT.5,6 As the score was
objective and could predict mortality at 3 months with
higher accuracy than the CTP score, allocation of
livers for transplantation became MELD based, de-
emphasizing the concept of waiting time.3,7

The score was initially named as Mayo model for end-
stage liver disease (MELD) score reflecting the institution
al and Experimental Hepatology | March 2013 | Vol. 3 | No. 1 | 50–60
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where the score was developed. With the acceptance of this
score by the UNOS for organ allocation, the model was
renamed as model for end-stage liver disease. This allowed
wider acceptability of the score keeping the same abbre-
viation of MELD.7,8 Other changes made to the score by
the UNOS were: capping serum creatinine at 4 mg/dl,
capping the score at 40, and setting the lower limit for
each component of the score to 1 in order to avoid
negative scores. Further, etiology of the liver disease as
a factor was removed from the model, as this did not
impact mortality amongst patients with end-stage liver
disease awaiting LT.5
M
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COMPARISON OF CHILD–PUGH–TURCOTTE
VERSUS MODEL FOR END-STAGE LIVER
DISEASE SCORE

Mortality and MELD score are linearly correlated amongst
patients with end-stage liver disease listed for LT with 3
month mortality estimated to be 4%, 27%, 76%, 83%, and
100% for MELD scores of <10, 10–19, 20–29, 30–39, and
40 or more respectively. Predictive ability of any model or
score is given by c-statistic, which ranges between 0 and
1. A ‘c’ statistic of 0.7 is considered clinically useful and
a c-statistic of 0.8 or more qualifies for an accurate model.
Thismeans that if 2 patients are on the waiting list, amodel
with a c-statistic of 0.8 would be 80% accurate in predicting
death of the patient with the higher score earlier than the
patient with the lower score. In the initially developed
model, c-statistic for MELD score was 0.87, which was
superior to CTP score with c-statistic of 0.84. Other studies
including meta-analyses have shown that both CTP and
MELD scores are predictive of waitlist mortality.9,10

However, the MELD score allows finer stratification than
CTP score. Further, MELD incorporates serum creatinine,
a factor which is important in predicting survival in
patients with liver disease.11–13
COMPONENTS OF THE MODEL FOR
END-STAGE LIVER DISEASE SCORE AND
LIMITATIONS OF EACH COMPONENT

MELD score is calculated using serum bilirubin, serum cre-
atinine, and International Normalized Ratio (INR) and is
given by the formula 9.57 � loge (creatinine) + 3.78 � loge
(total bilirubin) + 11.2 � loge (INR) + 6.43. The score can
be calculated using online website www.mayoclinicorg./gi-rst/
mayomodel5html.

Serum Bilirubin
Problems with using serum bilirubin as a variable are the
potential for error in measurement and elevation in the
presence of renal failure.14 Further, total bilirubin which
is used for calculation of the MELD score may change
Journal of Clinical and Experimental Hepatology | March 2013 | Vol. 3 | No
due to increased indirect bilirubin from hemolysis, blood
transfusion, and genetic variability of the bilirubin metab-
olism. The predictive ability of the MELD score does not
change whether direct or total bilirubin is used, and hence
the total bilirubin is used for calculating the MELD score
in clinical practice.15

Serum Creatinine
For the purposes of organ allocation, serum creatinine is
set at a lower limit of 1 mg/dl with a ceiling at 4 mg/dl.
Any patient who received dialysis$2 times in the previous
week irrespective of the serum creatinine value is deter-
mined to have a serum creatinine of 4 mg/dl. This ceiling
value for serum creatinine is arbitrary and in one study, in-
creasing the upper limit of serum creatinine to 5.5 had
a small impact of 2.5% in 3 months mortality amongst
wait listed candidates but improved accuracy of the
MELD score in predicting 3 months mortality.16 The lim-
itation of inclusion of serum creatinine is variation in its
value depending on the method of measurement: colori-
metric or enzymatic. Further, in the presence of high serum
bilirubin, the colorimetric method is unreliable and under-
estimates the value of creatinine; the enzymatic method is
preferred for measuring the serum creatinine in such situ-
ations.17 Another limitation is gender with lower value
amongst females compared to men for the same level of re-
nal function.18 A study comparing glomerular filtration
rate (GFR) based on Modification of Diet in Renal Disease
(MDRD) formula and serum creatinine showed similar
results in estimating waitlist mortality.19 Another study us-
ing corrected MELD with estimated GFR was unable to
predict short-term mortality at 3–6 months but was better
in predicting mortality at 9–12 months after listing.20 In
contrast, true GFR estimated using iohexol clearance is
a better predictor of the renal function compared to
MDRD or serum creatinine estimation as the latter
methods tend to overestimate true GFR.21

INR
The INR has a sigmoid shape effect on the 3 months
mortality of wait listed candidates with maximum effect
between INR of 1 and 3. INR measured using thrombo-
plastin obtained from patients on anticoagulant therapy
leads to variations in the inter-laboratory readings on the
INR values.22,23 Combined with geographic variation on
the MELD threshold for transplantation, this limitation
significantly impacts odds of liver allocation.22 Further,
INR is prone to be confounded by use of warfarin. Use of
liver specific thromboplastin using plasma from patients
with cirrhosis instead of plasma from patients on warfarin
eliminates this discrepancy and variation across laborato-
ries.24 However, this method is expensive and adds to con-
fusion in ordering the same tests for different indications.
In one study amongst patients with cirrhosis on stable
. 1 | 50–60 51
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anticoagulation, model without INRwas less accurate than
the original MELD model suggesting that even in anticoa-
gulated patients MELD model should be used for estima-
tion of prognosis.25

Other Variables
Etiology of liver disease was initially included into the
model but was later shown to be not predictive of out-
comes and was then removed from the model.5 Similarly,
complications of cirrhosis and portal hypertension such
as ascites, variceal bleeding, or hepatic encephalopathy be-
ing components of CTP score did not significantly add to
accuracy of MELD score suggesting that these complica-
tions usually reflect the status of underlying liver func-
tion.26
IMPACT OF IMPLEMENTING MODEL FOR
END-STAGE LIVER DISEASE SCORE

Impact on Outcomes
Introduction of MELD score for organ allocation in the
United States in the very first year resulted in about 12% re-
duction in waitlist mortality.7 This trend continued in later
years with reduction in total number of deaths on waitlist
from 2046 in 2001 to 1364 in 2005 with reduction in wait-
ing time from 656 days to 416 days.27 Part of this reduction
was due to increase in number of donor livers from 4671 in
2001 to 5160 in 2005. However, in spite of accounting for
this, policy of allocating livers based on MELD score was
responsible for this reduction as similar reduction in wait-
list mortality did not occur amongst patients with fulmi-
nant hepatic failure (FHF).28

Studies have shown association of pre-LT MELD score
with the hospital resource utilization such as operative
time, use of red blood cell transfusions, duration of stay
in the intensive care unit and total hospital stay and
charges. In one study, MELD score of more than 23 pre-
dicted a higher morbidity and prolonged ICU stay.29 In an-
other study, there was about 55% increased cost of
transplanting a patient as compared to pre-MELD era.30

However, data on increased resource utilization since the
implementation of MELD score are controversial with no
such change reported in a large database retrospective
study.31 However, there is also significant improvement
in quality of life resulting in dynamic improvement in
the cost to quality adjusted life years (QALY) ratio espe-
cially after 3–5 years of follow up amongst patients with
high MELD scores prior to transplantation.32

Impact on Disparities in Liver Transplantation
Ethnic disparities on waitlist mortality and receipt of liver
transplant within 3 years of registering have reduced.33,34

Incorporation of serum creatinine into the model resulted
in gender disparities in receipt of transplant and higher
52
waitlist mortality among women by 13% compared to
men.35 This is due to the fact that for the given renal func-
tion, women tend to have lower serum creatinine compared
to men due to lower muscle mass in women.

Model for End-stage Liver Disease and Post-
transplant Survival
In spite of transplanting patients with a higher MELD
score, post-LT survival did not change in the MELD era.
Post-transplant survival is a multidimensional non-linear
issue and depends upon multiple recipient and donor fac-
tors along with experience of transplant center. In one
study, use of multi-layer perceptron (MLP) using 18 differ-
ent recipient and donor variables was better predictor of
post-transplant outcomes as compared to MELD and
sequential organ failure assessment (SOFA) scores.36 In
another study, 3 months post-transplant mortality was
predicted by a SOFT (survival outcomes following trans-
plantation) score incorporating 18 recipient and donor fac-
tors in addition to MELD score.37

In order to match graft with the MELD score and other
recipient factors, a balance risk (BAR) score has been
suggested in order to achieve a balance between waitlist
mortality and post-transplant outcomes.38 In one study,
combination of 3 extended donor criteria (EDC): age,
steatosis >30% and cold ischemia time with MELD >28
predicted graft failure.39 Worsening MELD score or
delta-MELD (current MELD-maximum score in the last
3 months) has been shown to impact post-transplant out-
come,40 and one should avoid graft with >1 EDC for such
patients.41 Similar observations by another study on pa-
tients with Hepatitis B virus (HBV) related liver disease
andMELD >29 showed that downgradingMELD score us-
ing anti-HBV drugs improved outcomes of LT compared
to emergency LT.42 In this respect, product of age and
delta-MELD less than 1600 may be required for optimal
post-transplant outcomes.43

Impact on Liver Allocation
The aims of liver allocation are to reduce wait-list mortality
and achieve significant transplant benefit. Although, sick-
est patients are expected to derive most transplant benefit,
disease severity also impacts immediate post-transplant
outcomes. Hence, in clinical practice, a balanced approach
is needed to optimize liver allocation.44 Etiology of liver
disease is not factored into the calculation of MELD score;
patients with viral etiology of cirrhosis andMELD >15 had
significantly lower survival than alcoholic cirrhosis pa-
tients with similar MELD suggesting that viral cirrhosis
patients may be disadvantaged in the MELD allocation
policy.45 For a given MELD score between 15–17 and
24–40, a patient with higher serum creatinine is shown
to have higher waitlist mortality compared to a patient
with lower serum creatinine. This factor, if taken into
© 2012, INASL
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consideration, would affect the liver allocation.12 Labora-
tory variations of INR and serum creatinine across trans-
plant centers also result in variations in the MELD score.
This combinedwithgeographic variationresults ina varying
MELD threshold for receiving organs.46 In addition, alloca-
tion of a specific score for patients with Hepatocellular car-
cinoma (HCC) and other conditions47 significantly impacts
odds of liver allocation.22 In this respect, normalization
of MELD score based on corrected value of each variable
normalized to the maximal normal value (Vmax) of each
laboratory and given as: corrected value = measured
value � Vmax of lab 1/Vmax of lab 2 may optimize liver
allocation.48

Model for End-stage Liver Disease Exception Points and
Liver Allocation
Patients with HCC with lower MELD have a risk of pro-
gression of the tumor while waiting for transplant, leading
to death or progression of disease which may exclude them
from receiving an organ. On the other hand, HCC patients
with higher biological MELD have been shown to have
poor post-transplant survival compared to comparable
MELD in non-HCC patients.49 Therefore, in February
2003, UNOS accepted a policy of awarding MELD excep-
tion points for HCC patients within Milan criteria. This
change along with the documentation of post-LT out-
comes for HCC within Milan criteria to be as good as for
any other indication, has resulted in the proportion of
transplants performed for HCC increasing from 4.6% in
during 1997–2002 to 26% during 2002–2007.49 Therefore,
in March 2005, this policy was modified to award 22
MELD exception points instead of 24 points to patients
with HCC to more accurately reflect their risk of dying.50

Even with this policy, the odds of a patient with HCC
receiving the organ remains substantially higher compared
to non-HCC patient.51,52 On the other hand, about 29% of
patients withHCC are dropped from the waiting list due to
tumor progression suggesting consideration of other
factors such as number of tumors, alphafetoprotein
levels, tumor biology, and biological or calculated MELD
score for transplanting HCC patients.49,53 However,
many of these factors are also associated with tumor
recurrence after transplantation and a higher probability
of drop out risk from the waiting list is directly
correlated with a higher risk of recurrence of HCC after
transplantation.54 Hence a balanced approach is needed
to optimize use of livers for transplanting HCC patients
aiming at maintaining post-transplant survival as well as
optimizing the chance of receiving a transplant. In this re-
gard, the concept of drop-out equivalentMELD (deMELD)
points has been introduced taking into consideration the
risk of drop out from the waiting list based onMELD score
and other HCC characteristics. For example, two patients
with similar MELD scores would be given different excep-
tion points based on their drop out risk from the waiting
Journal of Clinical and Experimental Hepatology | March 2013 | Vol. 3 | No
list after considering factors such as number of tumors,
maximum tumor size, age of the patient, etiology of liver
disease, and AFP levels.55

Model for End-stage Liver Disease and Simultaneous
Kidney Transplantation
Due to incorporation of serum creatinine into the model,
there has been an increase in the proportion of simulta-
neous liver kidney transplantation (SLK) from 2 to 3% dur-
ing 1994–2001 to 4–7% during 2002–2010 and increased
incidence of post-transplant end-stage renal disease.56,57

However, post-transplant outcomes have not worsened in
the MELD era.57,58 Increasing use of SLK has raised
concern about the shortage of donor kidneys. Guidelines
on allocating simultaneous kidney to LT recipients as
laid down by a consensus group are not perfect.59 In this
respect, there is an unmet need for biomarkers to accu-
rately predict reversibility of the renal function after LT.

Low Model for End-stage Liver Disease Score
and Liver Transplantation
Patients with MELD score of less than 15 who receive
a transplant do worse than patients with a similar score
who do not receive a transplant with 3 month post-LT
mortality being about 3.6 times higher with LT for
MELD 6–11, and 2.4 times higher for MELD 12–14.60

However, this may not be true for living donor liver trans-
plantation for non-HCC patients as they still derived a sig-
nificant survival benefit compared to patients waiting for
deceased donor due to reduced wait time and better graft
quality.61 This was confirmed in a study analyzing the
UNOS database where transplant benefit of patients with
MELD <16 depended upon the quality of graft they re-
ceived, and poor survival benefit amongst these patients
was due to receipt of grafts with the highest donor risk in-
dex.62 Transplants for patients with lowMELD score using
high risk or marginal grafts are also associated with in-
creased length of stay and cost of transplantation.63
APPLICATIONS OTHER THAN LIVER
TRANSPLANTATION FOR CIRRHOSIS

Referral for Hospice Care
Hospice care may be useful adjunct to coordinate care of
patients awaiting liver transplantation. In addition, pa-
tients who are not candidates for liver transplantation
and are likely to die within 6 months may be referred for
hospice care.64 MELD can accurately guide treating physi-
cians on making such decisions. In one study, median
MELD at the time of admission to hospice care program
was 21 with median length of stay being 38 days. There
was a linear correlation of length of stay and MELD
score.65 In another study, MELD >24 could accurately pre-
dict mortality at 30 days in about 80% cases.
. 1 | 50–60 53
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Fulminant Hepatic Failure
Data on whether MELD score can predict mortality in
FHF are controversial. In one study, MELD score was
accurate in predicting the 30 day mortality amongst pa-
tients receiving LT for non-acetaminophen related
FHF.66 Similarly, another study reported on adults with
non-acetaminophen FHF showedMELD as good as King's
college criteria.67 However, in a US multicenter study on
patients with hepatitis A induced FHF, MELD was unable
to predict outcome of patients on the LT list with a c-
statistic of only 0.7.68 However, there were only 4 deaths
and therefore the significance of the study is unclear.
The most common cause of mortality amongst FHF pa-
tients is cerebral edema and it is likely that other factors
including intra cranial pressure are important in predict-
ing waitlist mortality of FHF patients. In a prospective
study from Denmark, MELD was an important variable
in predicting onset of FHF amongst patients with acet-
aminophen overdose.69 However, after the onset of FHF,
MELD score was no more important in predicting mortal-
ity. Whether patients with FHF should be considered sta-
tus 1A and be prioritized over end-stage liver disease
patients irrespective of MELD scores was addressed in
a study using Scientific Registry of Transplant Recipients
database. The findings showed that patients with end-
stage liver disease and MELD score >40 had higher wait-
list mortality compared to status 1A patients suggesting
that these patients be prioritized over status 1A patients
in allocation of livers. However, further studies are needed
to confirm these findings before implementing any
change in policy.70

Alcoholic Hepatitis
MELD score accurately predicts outcome in patients with
alcoholic hepatitis (AH). Studies comparing other scores
and MELD score have shown conflicting data. Six studies
have compared MELD and discriminate function index
(DFI) scores amongst AH patients. MELD was similar to
DFI for predicting 30 day mortality in 3 studies (c-statistic
of 0.82, 0.73, and 0.89 for MELD >11, 21, and 18 vs. 0.86,
0.69, and 0.81 respectively for DFI >3271–73); superior to
DFI in 2 studies in predicting 30 day mortality (0.83 for
MELD >22 vs. 0.74 for DFI >4174 or occurrence of compli-
cations of liver disease in one study75); and inferior to DFI
in one study.76 Three studies comparing MELD and CTP
showed 2 scores to be similar for mortality during the hos-
pital stay72 or at 3 and 6 months6 while in the third study,
CTP but not MELD was predictor of 90 day mortality.76

Apart from other limitations of MELD score, specific issue
pertaining to AH is variation in MELD score cut off to ac-
curately predictmortality ranging from11 to 22 in different
studies. American Association for Study of Liver Diseases
(AASLD) guidelines recommendMELD cut-off of 18 to ini-
tiate corticosteroid therapy for patients with AH.77
54
Cirrhosis with Infections
MELD score and renal failure including type of hepatore-
nal syndrome (HRS) predict outcome of infected cirrhotics
while CTP score was not predictive.78 It is likely thatMELD
score contributes at both the stages and in patients with
higher MELD score there should be a high index for sus-
pecting infection and initiation of antibiotics. For example
in a retrospective analysis on 256 Albanian patients with
cirrhosis, MELD score was a predictor for occurrence of
SBP and mortality.79 In another study on 111 hospitalized
cirrhoticsMELDwas a predictor for SBP, increasing risk by
about 11% for every increase in MELD score with 9.7 times
higher odds for developing SBP at a MELD cut-off of 15.80

Amongst patients with community acquired pneumonia
(CAP) in cirrhotics, a new score (MELD-CAP) incorporat-
ing extent of pneumonia and septic shock at admission
was a better predictor of severe disease and mortality com-
pared to CAP in patients without cirrhosis (OR 1.33 [1.09–
1.52] and 1.21 [1.03–1.42]).81 MELD incorporated with se-
rum sodium (MELD-Na) also accurately predicted mortal-
ity in patients with spontaneous bacterial empyema.82
Transjugular Intrahepatic Portosystemic
Placement
As mentioned earlier, MELD score was initially developed
to predict mortality after TIPS placement to manage pa-
tients with variceal bleeding or ascites refractory to routine
measures.4 MELD score in predicting mortality after TIPS
placement was superior to Emory score in one study and
slightly superior or similar to CTP score in another
study.83,84 MELD score <18 is ideal for TIPS placement,
and those with MELD scores19–24 are borderline for
successful outcome. Patients with MELD >24 are not
optimal candidates for TIPS placement; TIPS may be
carried out in these patients if they are candidates for
liver transplantation.85 These guidelines have also been
found to be useful for placement of TIPS amongst post-
transplant patients and it is recommended that TIPS be
carried out only if the MELD score is <15 in these
patients.86

Surgery Apart from Liver Transplantation
Patients with decompensated cirrhosis may require ab-
dominal or extra-abdominal non-transplant surgery in es-
pecially in the last 2 years of their life.87 The effect of the
surgical procedure, blood loss, hypoxemia due to ascites
and/or hydrothorax, and anesthetic agents all make a dis-
eased liver prone to further deterioration with a potential
risk for precipitating liver failure.88 Severity of liver disease
predicting outcome after surgery has been known for years.
Earlier, the risk used to be gauged using the CTP stage with
10%, 30%, and 82% postoperative mortality amongst pa-
tients with CTP stages A, B, and C respectively.89 Type of
© 2012, INASL
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surgery (emergency vs. elective) has been associated with
outcome. Amongst patients with CTP class A, B, and C
mortality for emergency surgery is 22%, 38%, and 100%
respectively.90 Since the introduction of MELD score, ret-
rospective studies have confirmed MELD score to be pre-
dictive of outcome following surgery other than LT.91,92

In the largest retrospective study addressing this issue
reported from the Mayo Clinic analyzing 772 patients
undergoing various kinds of surgeries, MELD score was
an important variable in predicting outcome after
surgery for short-term (7, 30, and 90 days) and long-term
outcomes at 1 or 5 years. Other important predictors
were ASA class and recipient age with addition of 5.5
MELD points for ASA class IV and 3 MELD points for
age more than 70 years.92 Emergency surgery was not pre-
dictive when the model was also controlled for the MELD
score in addition to other variables. Based on MELD score,
age, and ASA status one can predict outcomes after surgery
using an online model at http://www.mayoclinic.org/meld/
mayomodel9.html. This model can help in counseling pa-
tients and physicians on the risk of surgery. The associa-
tion of risk of death after surgery and the MELD score
>8 was linear and it is generally believed that patients
with MELD score <10 can tolerate surgery, those with
10–15 MELD score may be considered, and patients with
MELD score >15 should avoid an elective surgery. This
recommendation has been validated in other studies on
different populations.93,94 However, a study from Korea
including a large number of patients with hepatitis B
related cirrhosis reported that the model tends to
overestimate mortality at more than $1 year after
surgery95 as the long-term outcome may potentially be
confounded by comorbidities and other factors.

Comparing Model for End-stage Liver Disease and
Child–Pugh–Turcotte for Outcome After Surgery
Many studies have comparedMELDwith CTP stage in pre-
dicting mortality after surgery. In one study, 3 month mor-
tality rates amongst 3 respective CTP stages were 2%, 22%,
and 55% and similar rates at MELD of 6–9, 10–14, 15–19,
20–24, and >24 were 3.5%, 8.9%, 14.3%, 12.5%, and 63.6% re-
spectively.96 In yet another study, perioperative mortality
rates based on CTP stage were 10%, 17%, and 63% while
similar rates at MELD of <10, 10–15, and >15 were 9%,
19%, and 54% respectively.97 Amongst both the studies,
CTP stage emerged better predictor of perioperative mor-
tality compared to MELD score. In contrast, integrated
MELD score was superior to CTP stage for predicting post-
operative mortality.94 In another study, CTP and MELD
scores were similar in predicting outcome after elective sur-
gery but only fairly after urgent surgery in cirrhotics.98

Type of Surgery
For the sameMELD score, mortality is higher in some stud-
ies for intra-abdominal surgery compared to abdominal
Journal of Clinical and Experimental Hepatology | March 2013 | Vol. 3 | No
wall surgeries including surgery for umbilical hernia.
Amongst 220 cirrhotics undergoing cholecystectomy,
a common surgery in general population including
cirrhotics, the procedure was safe with no perioperative
mortality across MELD range 8–27. However, a higher
postoperative complication rate was noted for patients
withMELD >13.99 MELD score remains a powerful predic-
tor of outcomes for head and neck cancer surgery at a cut-
off of 9.7 (23% vs. 3% postoperative mortality; P = 0.03).100

Regarding elective cardiac surgery, if possible, least inva-
sive option of angioplasty with or without stent placement
should be considered. One should also avoid coated stents,
as they require need for anticoagulants and antiplatelet
agents such as clopidogrel. Cardiac surgery is safe in CTP
stage A, can be considered in select CTP-B stage patients
and should be avoided in CTP-C stage.101,102 MELD
score remains a predictor of outcome after tricuspid
valve surgery103 and left ventricular assist device place-
ment.104,105

HCC Resection in Cirrhosis
Patients without underlying cirrhosis and those with
stage 1 HCC in the absence of thrombocytopenia
(<150,000/cmm) and/or clinically significant portal hyper-
tension are better served by resection.106,107 MELD score is
a powerful predictor of outcomes following liver resection
in cirrhotics.108 Post-hepatectomy liver failure (prothrom-
bin time <50% and serum bilirubin >50 mmol/dl) on day 5
after surgery was strong predictors of perioperative mortal-
ity.109 In one study, incidence of hepatic failure after he-
patic resection was 0% with MELD score of <9, 3.6% with
MELD 9–10, and 37.5% with MELD score of >10. In an-
other study, perioperative mortality for minor (3 or less
segments) or major (4 or more segments) hepatectomy
was 29% amongst patients with MELD score of >8 and
0% with MELD score of 8 or less. Similarly, mortality after
liver resection was higher for MELD score >8 compared to
lowerMELD (4% vs.0.6%; P = 0.004) on analyzing over 1100
HCC patients undergoing resection between 1991 and
2005 at one center in Taiwan.110 In yet another study, peri-
operative mortality was 19% at MELD >8 vs. 0% for lower
MELD.111 Same workers from Italy in another study re-
ported on the concept of conditional survival (sum of
the survival from the time of diagnosis and the post-
surgical survival) and concluded that a MELD score of
<9 achieves best conditional survival. Amongst patients
with MELD >9, further risk stratification can be made
based on extent of surgery and serum sodium levels.112

Variceal Bleeding
Many variables such as severity of liver disease, severity of
bleeding, bleeding in the hospital, receipt of endoscopic
treatment, hepatic venous pressure gradient (HVPG),
and HCC predict outcome after variceal hemorrhage
. 1 | 50–60 55
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(VH).113–115 MELD score has been shown to be an accurate
predictor of outcome after VH.83,116,117 MELD >18 was
a predictor of rebleeding within first 5 days and overall
mortality at 6 weeks.117 MELD score is also a powerful pre-
dictor for mortality at 6 weeks for patients who develop
early rebleeding after endoscopic variceal ligation.118 Com-
parison of CTP andMELD scores in predicting outcome of
VH have shown discrepant data with similar prediction in
one study119 while CTP to be better predictor compared to
MELD in another study.120

Hepatorenal Syndrome
Outcome depends on type of HRS with extremely poor
prognosis for type 1 patients and MELD score of 20 or
more. In contrast, patients with type 2 HRS have longer
survival if their MELD score is <20 compared to $20 (11
vs. 3 months; P < 0.002).78

Trauma
MELD score is a predictor of death in trauma patients with
each unit increase in MELD increasing mortality risk by
18%.121

Re-transplantation
Since implementation of the MELD score, the number of
re-transplants has decreased raising the question as to
whether MELD disadvantages patients listed for re-
transplantation. This issue was addressed in a study
from the Mayo Clinic which showed that current MELD
allocation policy serves candidates listed for primary or
re-transplantation equitably.122
IS MODEL FOR END-STAGE LIVER DISEASE
AN IDEAL PROGNOSTIC SCORE?

An ideal prognostic score should be accurate, objective,
valid on a continuous scale, validated worldwide, should
be able to guide treatment, and easy to calculate. MELD
score meets most of these criteria with its biggest strength
being validation across the world in various liver diseases.
However, there are some limitations of theMELD score. Al-
though, the variables needed to calculate the score are read-
ily available, there is need for a computing device or website
for calculating the score. The score has also potential for
inaccuracy to predict waitlist mortality in 15–20% cases;
therefore, further refinements are required before it can
be considered an ideal score.
FURTHER REFINEMENTS OF MODEL FOR
END-STAGE LIVER DISEASE

MELD variables can fluctuate with correction of precipitat-
ing factor such as control of infection, discontinuation of
hepatotoxic drug or diuretics, and correction of renal
56
dysfunction, coagulopathy, or biliary obstruction. When
the MELD score was initially developed, the bilirubin, cre-
atinine, and INR were recorded when the acute process has
resolved. This issue was later addressed in a study where
the serial MELD scores were taken until the MELD stabi-
lized. The data showed that delta-MELD (difference be-
tween current MELD score and lowest MELD score
within 30 days prior to current MELD) was not significant
after controlling for other factors in the model.123 The au-
thors concluded that it is reasonable to take currentMELD
for predicting survival in daily practice even in recently de-
compensated patients. However, in another study, delta-
MELD was predictive of waitlist as well as post-LT survival
with 4.9 odds of dying in the post-transplant period with
delta-MELD of >10.40

Model for End-stage Liver Disease-Na
Hyponatremia is a predictor of waitlist mortality amongst
patients with end-stage liver disease after controlling for
MELD score with increase in mortality by 5% for each
mmol decrease in serum sodium between levels of 125–
140mmol/L.124 Serum sodium is a reflection of renal func-
tion and hypothetically may improve the accuracy of the
model as serum creatinine used for calculating the
MELD score may not accurately capture the true renal
status. Similar observations about the impact of serum
sodium between 125 and 140 mmol/L on the waitlist
mortality have been made by other workers.125 Amongst
patients with severe hyponatremia (<125 mmol/L), serum
sodium was a better predictor of mortality than MELD
score amongst patients with refractory ascites.126

Data on the impact of sodium on the accuracy ofMELD
score are controversial as reported by other studies.127 In
a recently reported study, addition of serum sodium into
the MELD model very marginally improved the accuracy
of the model with increase of c-statistic from 0.865 to
0.878 (P < 0.01) and in the validation data-set, MELD-Na
affected only about 12% of listed patients.128 In another
study reported from theMayo Clinic, MELD-Na was better
predictor of outcome amongst patients with alcoholic hep-
atitis who had ascites, but not in those without ascites.129

Lack of significant impact of serum sodium on the MELD
score's accuracy could be due to the fact that a small pro-
portion of patients with cirrhosis develop significant hypo-
natremia. For now, it is unclear whether liver organs
should be allocated based on the MELD-Na model. Incor-
poration of serum sodium is also limited by its potential
for ‘manipulating’ the system with change in volume sta-
tus with free water intake and use of diuretics.

Other Suggested Modifications
Updated MELD (assigning lower weight to creatinine and
INR while higher weight to bilirubin based on SRTR
analysis of 38,899 patients transplanted between 2001–
© 2012, INASL
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2006),130 refit MELD (reassigning lower and upper limits
of 0.8 and 3.0 for serum creatinine while 1 and 3 for INR
respectively),128 integrated MELD including sodium and
age,93 MESO (ratio of MELD to serum sodium), Meld-
Na (incorporating serum sodium for levels between 125
and 140 mmol/L),124 UK end stage liver disease score
(UKELD) which is similar to MELD-Na and is used for
listing patients for liver transplantation in the UK,131

and ReFit MELD-Na as for refit MELD but including se-
rum sodium also128 are some of the refinements, which
have been tried to improve the accuracy of theMELD score.
In one study, comparing these models, UKELD and up-
dated MELD were poor in predicting mortality compared
to other 4 models.132

Other factors shown to improve the MELD accuracy are
HVPG,133 von Willebrand factor level at a cut-off level of
315%,134 persistent CRP levels of $29 mg/L,135 prealbu-
min levels of >69 mg/L,136 apoptosis marker CK-18.137

Refinements to improve the accuracy of MELD would con-
tinue and until we find a better score, livers could continue
to be allocated using the current MELD based system.
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