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Influence of Serum Sodium on MELD-Based Survival Prediction
in Alcoholic Hepatitis

BriaNNA E. Vaa, BA; SUMEET K. AsrRaNI, MD; WINsSTON DUNN, MD; PATRICK S. KAMATH, MD;
AND ViAY H. SHAH, MD

OBJECTIVE: To compare the Model for End-Stage Liver Disease
(MELD) with the modified model including sodium (MELDNa) for
predicting 180-day mortality in patients with alcoholic hepatitis
(AH) and determine the subset in whom serum sodium may en-
hance 180-day mortality prediction.

PATIENTS AND METHODS: We examined 26 patients with AH en-
rolled in a prospective trial between June 1, 2004, and June 30,
2007, at Mayo Clinic. Logistic regression analysis was done to
assess the effect of MELD and MELDNa scores on 180-day mortal-
ity. The C statistic was derived to compare MELD with MELDNa in
patients with and without ascites.

RESULTS: MELD (odds ratio [OR], 1.22; 95% confidence inter-
val [Cl], 1.05-1.47; P=.007; C statistic, 0.81) and MELDNa (OR,
1.24; 95% Cl, 1.05-1.56; P=.008; C statistic, 0.78) were sig-
nificant predictors of 180-day mortality in patients with AH. A
MELD score of 27.0 and a MELDNa score of 28.0 had sensitivity
of 76.5% and 87.5% and specificity of 64.9% and 52.5%, respec-
tively. In patients with AH and ascites, MELDNa (OR, 2.27; 95%
Cl, 1.22-36.68; P=.008; C statistic, 0.97) was a better predictor
of 180-day mortality than MELD (OR, 1.37; 95% Cl, 1.07-2.12;
P=.006; C statistic, 0.90). A MELD score of 29.0 and a MELDNa
score of 34.0 had sensitivity of 85.7% and 83.3% and specificity
of 31.0% and 16.7%, respectively.

CONCLUSION: MELD and MELDNa were similar predictors of
180-day mortality; however, MELDNa was a better predictor of
mortality than MELD in patients with ascites. Hyponatremia in
patients with AH without ascites is not a predictor of mortality
because it may have a dilutional basis secondary to excessive
intake of low-osmolar alcohol.
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AH = alcoholic hepatitis; ALD = alcoholic liver di ; Cl = confid
interval; MELD = Model for End-Stage Liver Disease; Na = sodium;
OR = odds ratio

Excessive alcohol consumption is a major source of
chronic liver disease in the Western world.! Alcoholic
liver disease (ALD) encompasses a broad spectrum of con-
ditions, including fatty liver, alcoholic hepatitis (AH), and
cirrhosis. Fatty liver is reversible with alcohol cessation,
but patients with AH and cirrhosis have a potentially more
severe prognosis. Determining mortality risk in patients
with ALD is important to guide treatment decisions. In this
regard, mortality risk in patients with AH can be predicted
by various models, including the Model for End-Stage Liv-
er Disease (MELD) score.>”’

Hyponatremia is a sign of excessive vasopressin secre-
tion and is predictive of poor survival in patients with cir-

rhosis.® MELDNa, a modified MELD score that includes
serum sodium (Na), has been shown to improve prediction
of death in patients with cirrhosis when compared with
MELD alone. MELDNa has been proposed as an alterna-
tive to MELD in other clinical scenarios as well, including
transjugular intrahepatic portosystemic shunt placement.’
Furthermore, studies have shown that a reduced serum Na
concentration may have a greater effect on mortality in
patients with a low MELD score.'®!' However, the role of
MELDNa in predicting survival in patients with AH has
not been studied. Although a predictor of mortality in pa-
tients with cirrhosis, hyponatremia can be present even
without cirrhosis in those addicted to alcohol, occurring
on a dilutional basis because they consume excessive alco-
holic beverages that are low in osmolarity (potomania).'?
Determining the group of patients in whom the MELDNa
score might improve mortality prediction beyond that
achieved by MELD alone is important for predicting pa-
tient prognosis and assessing need for pharmacological
interventions.

We hypothesized that MELD and MELDNa would be
significant predictors of 180-day mortality in patients with
AH. We also hypothesized that MELDNa might enhance
180-day mortality prediction in patients with AH and as-
cites because ascites reflects excessive activation of the
renin-angiotensin system and vasopressin production.'®
To study these hypotheses, we examined a well-described
cohort of patients with AH to (1) compare the ability of
MELD and MELDNa to predict 180-day mortality, (2) de-
fine the MELD and MELDNa score cut point with optimal
sensitivity and specificity to predict mortality, and (3) de-
termine the subset of patients in whom hyponatremia may
enhance 180-day mortality prediction.
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PATIENTS AND METHODS

Case ASCERTAINMENT

We included all patients enrolled between June 1, 2004,
and June 30, 2007, at Mayo Clinic in Rochester, MN, in
a multicenter trial of etanercept in the treatment of AH."
This ancillary study was approved by the Mayo Clinic
Institutional Review Board. Alcoholic hepatitis was diag-
nosed on the basis of clinical criteria that included jaun-
dice, hepatomegaly, leukocytosis, fever, and elevations in
transaminase levels, as well as exclusion of other causes
of hepatitis, including viral (negative tests for hepatitis
B surface antigen and hepatitis C virus antibody), auto-
immune (antinuclear antibody titer <1:40, negative tests
for antimitochondrial antibody and anti-smooth muscle
antibody), drugs, or metabolic disorders (normal cerulo-
plasmin levels), in the setting of substantial alcohol con-
sumption. Substantial alcohol consumption was defined
as more than 40 g/d for a minimum of 6 months within 3
months of study enrollment. If the diagnosis of AH was
uncertain, liver biopsy for histologic evidence of AH was
performed. Enrollment required patients to have moder-
ate to severe disease as evidenced by a MELD score of
15 or more."

STATISTICAL ANALYSES

All data used for analysis were collected on the first day
of enrollment in the study. Baseline characteristics were
compared by using the y? test for categorical data and the
Mann-Whitney U test for continuous data. The MELD and
MELDNa scores were calculated in all groups according to
the following formulas:

MELD = 9.57 log, [Creatinine (mg/dL)] + 3.78 log,
[Bilirubin (mg/dL)] + 11.20 log_ [International Normalized
Ratio] + 6.43 (to convert creatinine values to umol/L, mul-
tiply by 88.4; to convert bilirubin to pmol/L, multiply by
17.104)

MELDNa = MELD - Na - [0.025 x MELD x (140 —
Na)] + 140 (where the serum Na concentration is bound
between 125 and 140 mmol/L; to convert serum Na val-
ues to mmol/L, multiply by 1)8

The primary outcome was patient death at 180 days.
For patients who were lost to 180-day follow-up, the
mortality status and date of death were obtained from the
Social Security Death Index. Three patients did not have
serum Na data, and these patients were excluded from the
MELDNa analysis. The independent effect of MELD and
MELDNa scores on mortality was determined in univari-
ate analysis as well as bivariate logistic regression analy-

sis after adjusting for age and sex. Given that creatinine is
1 of the 3 components of the MELD score, the indepen-
dent effect of MELD or MELDNa scores after adjustment
for renal function could not be assessed because of the
collinearity between MELD and serum creatinine level.
C statistics were used to quantitatively compare MELD
with MELDNa to predict 180-day mortality in patients
with AH. The independent effect of serum Na on pre-
dicting mortality was determined after adjusting for the
MELD score at baseline. Cut points with the optimal sen-
sitivity and specificity were generated by plotting receiver
operating characteristic curves. Given that serum Na may
have different implications in patients with ascites than in
those without ascites, we further compared the predictive
ability of serum Na and MELDNa in patients with AH
and coexisting ascites vs patients with AH without coex-
isting ascites.

RESULTS

STupY COHORT

Overall, 26 patients with AH were analyzed. Table 1
shows the baseline characteristics of the total patient co-
hort, including both survivors and nonsurvivors. The me-
dian age was 51.1 years, and 85% of patients were male.
The median MELD and MELDNa scores were 24.5 and
26.0, respectively.

Of the 26 patients with AH, 10 died within 6 months.
The patients who died were older (median age, 54.8 years
vs 48.8 years; P=.33) and all male (10 vs 0; P=.08). The
P values were not significant. The median MELD score
(29.5 vs 22.0; P=.001) and MELDNa score (34.0 vs 24.5;
P=.03) were higher in patients who died within 6 months.
The median creatinine level was also higher (2.2 mg/
dL vs 0.85 mg/dL; P=.04) in patients who died within 6
months.

MELD ano MELDNA AnALysis

Both the MELD score (odds ratio [OR], 1.22 for every
I-point increase in MELD; 95% confidence interval
[CI], 1.05-1.47; P=.007) and MELDNa score (OR, 1.24
for every 1-point increase in MELDNa; 95% CI, 1.05-
1.56; P=.008) were significant predictors of 180-day
mortality. The effect of MELD and MELDNa re-
mained unchanged and statistically significant after
adjustment for either age or sex (Table 2). The C sta-
tistic for 180-day mortality was similar: the C statis-
tic was 0.81 for MELD and 0.78 for MELDNa (Fig-
ure 1). After adjustment for MELD, serum Na was not
a significant predictor of mortality (P=.83). A MELD
score of 27.0 and a MELDNa score of 28.0 had sensi-
tivity of 76.5% and 87.5% and specificity of 64.9%
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TABLE 1. Baseline Characteristics of Patients With Alcoholic Hepatitis"""c

Entire cohort

180-day survival

180-day mortality

Absence of ascites

Presence of ascites

(N=26) (n=16) (n=10) P value (n=13) (n=13) P value
Age (y) 51.1 48.8 54.8 33 47.1 54.5
(46.9-57.6) (46.9-57.6) (48.8-57.6) (44.4-58.3) (50.1-57.9) 17
Male, No. (%) 22 (85) 12 (75) 10 (100) .08 13 (100) 10 (77) 27
Serum Na (mEq/L) 134.0 136.0 132.0 .59 135.0 131.0 .19
(130.0-138.0) (130.0-138.0) (128.0-138.0) (131.0-138.0) (126.0-137.0)
AST (IU/L) 108.0 102.0 117.0 93 120.0 106.0 .66
(89.0-163.0) (89.0-163.0) (76.0-164.0) (87.0-191.0) (87.0-153.0)
BMI (kg/m?)¢ 28.4 25.3 37.6 NA NA NA NA
(23.8-39.0) (23.8-39.0) (28.4-40.4)
INR 1.5 1.5 1.7 21 1.5 1.6 22
(1.2-2.0) (1.2-2.0) (1.4-2.1) (1.2-1.8) (1.3-2.2)
MELD 24.5 22.0 29.5 .001 22.0 27.0 .06
(21.0-29.3) (21.0-29.3) (25.5-36.3) (20.5-25.0) (22.5-35.5)
MELDNa 26.0 24.5 34.0 .03 25.0 31.0 .04
(24.0-34.0) (24.0-34.0) (26.0-37.0) (23.0-26.8) (25.0-37.0)
Creatinine (mg/dL) 1.1 0.9 2.2 .04 0.8 1.1 .14
(0.7-2.2) (0.7-2.2) (0.9-4.1) (0.7-1.3) (0.9-3.2)
Bilirubin (mg/dL) 20.6 15.4 24.8 .07 15.8 25.3 .36
(12.1-29.2) (12.1-29.2) (19.9-33.4) (12.1-30.0) (14.2-31.9)

% AST = aspartate aminotransferase; BMI = body mass index; MELD = Model for End-Stage Liver Disease; INR = international normalized ratio; NA =

not applicable; Na = sodium.

® Data are reported as median (interquartile range), unless otherwise indicated.
€SI conversion factors: To convert serum sodium values to mmol/L, multiply by 1; to convert AST values to pkat/L, multiply by 0.0167; to convert creati-

nine values to umol/L, multiply by 88.4; to convert bilirubin values to umol/L, multiply by 17.104
4 Because a BMI was reported for only 9 patients, a P value is not provided. BMI is calculated as the weight in kilograms divided by height in meters

squared.

and 52.5%, respectively, in predicting 180-day mortality

(Figure 1).

and MELDNa score (31.0 vs 25.0; P=.04) were higher in

patients with ascites.

MELDNa achieved better predictability of 180-day

MELD ano MELDNA N Patients With AH AnD AsciTEs

Because we hypothesized that MELDNa may play a
greater role in predicting 180-day mortality in patients
with ascites,!! we further separated the AH patients into
2 groups: those with ascites (n=13) and those without
ascites (n=13). Overall, patients with ascites were old-
er (median age, 54.5 years vs 47.1 years; P=.17), had
a higher serum creatinine level (1.1 mg/dL vs 0.8 mg/
dL; P=.14), and had a higher bilirubin level (25.3 mg/
dL vs 15.8 mg/dL; P=.36). The P values were not sig-
nificant. The median MELD score (27.0 vs 22.0; P=.06)

mortality in the cohort of patients with AH and ascites
(OR, 1.37 for every 1-point increase in MELD; 95% CI,
1.07-2.12; P=.006; OR, 2.27 for every 1-point increase
in MELDNa; 95% CI, 1.22-36.68; P=.008). Bivari-
ate logistic regression analysis was not possible be-
cause of the low number of events. For 180-day mor-
tality, the C statistic was 0.90 for MELD and 0.97 for
MELDNa (Figure 2). A MELD score of 29.0 and a
MELDNa score of 34.0 had sensitivity of 85.7% and
83.3% and specificity of 31.0% and 16.7%, respectively
(Figure 2).

TABLE 2. Effect of MELD and MELDNa on 180-Day Mortality in Patients

With Alcoholic Hepatitis®?

OR (95% CI) P value OR (95% CI) P value
MELD 1.22 (1.05-1.47) .007 MELDNa 1.24 (1.05-1.56) .008
MELD 1.30 (1.10-1.73) .02 MELDNa 1.24 (1.05-1.55) .01
Age 1.02 (0.91-1.13) 76 Age 1.01 (0.99-1.12) .82
MELD 1.30 .02 MELDNa 1.23 .01
Sex NA 93 Sex NA .05

# CI = confidence interval; MELD = Model for End-Stage Liver Disease; NA = not appli-
cable; Na = sodium; OR = odds ratio.
b Results of separate univariate and bivariate logistic regression analyses are provided.
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FIGURE 1. MELD (left) and MELDNa (right) as predictors of 180-day mortality in patients with alcoholic hepatitis. For
MELD: ROC, 0.813; OR, 1.22; P=.007. For MELDNa: ROC, 0.778; OR, 1.24; P=.008. MELD = Model for End-Stage Liver
Disease; Na = sodium; OR = odds ratio; ROC = receiver operating characteristics.

DISCUSSION

Prediction of mortality in AH is important for determining
patient management approaches, including pharmacologi-
cal intervention. In a well-characterized cohort of patients
with AH, both MELD and MELDNa were positive predic-
tors of 180-day mortality. In the subgroup of patients with

ascites, MELDNa may be a stronger predictor of 180-day
mortality than MELD. Therefore, use of MELDNa in pa-
tients with AH who have ascites may allow for more ac-
curate prognostication and assessment of treatment options.
This is an important subgroup because our prior studies
showed that prognostic scores were most clinically useful in
patients with AH who had ascites and/or encephalopathy.®
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FIGURE 2. MELD (left) and MELDNa (right) as predictors of 180-day mortality in patients with alcoholic hepatitis and
ascites. For MELD: ROC, 0.904; OR, 1.37; P=.006. For MELDNa: ROC, 0.967; OR, 2.28; P=.008. MELD = Model for
End-Stage Liver Disease; Na = sodium; OR = odds ratio; ROC = receiver operating characteristics.
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In addition to MELD and MELDNa, other models have
been used to predict the severity of ALD. The Maddrey
discriminant function (Discriminant Function = 4.6 x [Pro-
longation of Prothrombin Time in seconds + Bilirubin in
mg/dL]) was developed in 1978 to predict risk of mortal-
ity in patients with AH and continues to be widely used in
clinical practice.'” Indeed, a discriminant function of 32 or
more has been suggested to predict benefit from corticos-
teroid treatment, and this cut point has also been used for
pentoxifylline treatment.'® The Glasgow alcoholic hepatitis
score is another recently developed model that takes age,
white blood cell count, blood urea nitrogen concentration,
prothrombin time ratio, and serum bilirubin concentration
into consideration.'” Although this model is easier to use
at the bedside, its superiority for predicting mortality as
compared with other models requires further evaluation.
The Lille model is a newer model that predicts survival in
patients with AH treated with corticosteroids by using a
combination of 6 variables (age, renal function, albumin,
prothrombin time, bilirubin, 7-day change in bilirubin).'®
A Lille score of more than 0.45 after 1 week of cortico-
steroid therapy predicts a corticosteroid nonresponder and
indicates need for alternative therapies.

Ascites is the most common complication of cirrho-
sis and increases the chance of infection, renal failure,
and death.” Numerous studies have shown that ascites
is associated with an increased mortality rate in patients
with cirrhosis.***' To understand the connection between
MELDNa as a mortality predictor in patients with AH and
ascites, we need to consider the physiology behind hypona-
tremia in these patients. The development of hyponatremia
in cirrhotic patients has been linked to activation of the va-
sopressin system. Hypersecretion of vasopressin in turn is
thought to occur because of circulatory dysfunction that is
common in patients with cirrhosis, a concept commonly
referred to as the underfilling hypothesis.”> This excessive
volume overload in the absence of increased uptake of Na
causes a hypo-osmolar state and is reflected as hypona-
tremia. Because the degree of hyponatremia reflects the
degree of circulatory dysfunction, hyponatremia predicts
survival in patients with cirrhosis.

Hyponatremia may also be present in many patients
with long-term alcohol intake independent of liver cir-
rhosis and excessive vasopressin secretion. Potomania is a
term used to describe the excessive low-osmolar fluid con-
sumed by those addicted to alcohol. Potomania occurs in
those addicted to alcohol owing to limited dietary protein
and salt intake that results in a reduction in excretion of
urinary solutes.!?> This promotes retention of water, lead-
ing to dilutional hyponatremia. Thus, potomania may ac-
count for hyponatremia in patients with long-term alcohol
consumption and differs from the mechanism responsible

MELDNa AND ALCOHOLIC HEPATITIS

for hyponatremia in cirrhotic patients. Our data suggest
that, although hyponatremia in patients with ascites (which
results from excessive vasopressin secretion and circula-
tory abnormalities) influences prognosis in patients with
AH, hyponatremia from potomania does not. These issues
may have emerging importance with the recent approval
of vasopressin-2 receptor antagonists, which improve
hyponatremia.”

Of note, the MELD and MELDNa cut point values of
27.0 and 28.0 in our patient cohort were somewhat high-
er than in previous studies. For example, a study done by
Sheth et al* showed a MELD cutoff score of more than
11.0 for predicting 30-day mortality; however, this study
used the original MELD derivation, which computed a
lower MELD for liver disease severity compared with the
more widely used UNOS (United Network of Organ Shar-
ing) modification of MELD. Other studies have determined
a MELD cutoff score of more than 21.0 to be predictive of
90-day mortality.® Furthermore, Lucey et al*® showed that a
MELD score of 21.0 or more was associated with a 90-day
mortality of 20%. However, it may be difficult to directly
compare MELD cut point scores between studies because
of differences in the severity of AH in different patient co-
horts. Thus, although MELD is useful for prognostication
in patients with AH, the precise cut point that best predicts
mortality remains variable in different patient cohorts.

This study has some limitations, including the relatively
small size of our patient cohort. Therefore, our MELD and
MELDNa receiver operating characteristic curves could be
overestimates of values that might be derived from a larger
group of patients. Further multivariate models adjusting for
other predictors of mortality were not possible. However,
previous studies have shown that MELD and MELDNa
are independent predictors of short-term mortality.*® Thus,
studies in larger patient cohorts will be necessary to extend
the data set in the future. In addition, moderate to severe
AH was present in our patient cohort, although the overall
mortality rate of close to 50% reflects a group of patients
with severe AH. Nonetheless, differences in disease sever-
ity may be a reason why our MELD and MELDNa cutoff
scores are higher than in previously published articles.!
Finally, we were unable to determine the effect of MELD
independent of renal function in this limited data set. Giv-
en that creatinine is 1 of the 3 components of the MELD
score, the 2 variables are collinear, and hence a model with
both variables (MELD and serum creatinine level) cannot
be interpreted. Because of multicollinearity, the 2 variables
outcompete each other. Serum creatinine level is a poor
marker of renal function in persons with end-stage liver
disease and underestimates the degree of renal dysfunc-
tion. Serum Na adds to a model predicting short-term mor-
tality by accounting for early renal dysfunction not cap-
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tured by serum creatinine level. Hence, MELDNa has been
proposed to be a better predictor of short-term mortality
in persons with liver disease because it appears to capture
the importance of renal function better than other objective
parameters, in the absence of widely available measured
glomerular filtration rate data.® Similarly, in our study the
effect of MELD and MELDNa in predicting mortality at 6
months in persons with AH persists, reflecting that a large
part of the effect is driven by renal function that is captured
by these objective scores.

CONCLUSION

This study showed that both MELD and MELDNa are accu-
rate predictors of 180-day mortality in a well-characterized
and prospectively collected cohort of patients with ALD. In
patients with ascites and AH, MELDNa is a better predictor
of 180-day mortality than MELD owing to hyponatremia
occurring secondary to excessive vasopressin production.
Further research into why MELDNa performs better in pa-
tients with ascites may help delineate mechanisms of Na
dysfunction and circulatory imbalance in ALD, as well as
better define indications for when to use MELDNa instead
of MELD to predict mortality in these patients.
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