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Abstract
OBJECTIVE—To determine whether ascites can improve risk discrimination beyond MELD and
serum sodium (MELDNa).

METHODS—Consecutive cirrhotic patients were evaluated for ascites based on an outpatient CT
along with concurrent MELD and Na values. Cox models were used to determine the added value
of ascites for predicting one-year mortality. Increases in the C-index, integrated discrimination
improvement (IDI), and the net reclassification index (NRI) were used to assess improvements in
discrimination after the addition of ascites.

RESULTS—1,003 patients had Na and MELD scores available within 30 days of the CT scan.
Sixty deaths occurred within one year, with mortality higher in patients with ascites (21.4% versus
4.0%, HR 6.08, 95% CI 3.62–10.19, p<0.0005). In the presence of ascites, the MELD and
MELDNa score underestimated mortality risk when the scores were less than 21. The addition of
ascites to the MELDNa model substantially improved discrimination by the C-index (0.804 versus
0.770, increase of 3.4%, 95% CI 0.2%–9.9%), IDI (1.8%, p=0.016), and NRI (15.8%, p=0.0006).

CONCLUSION—The incorporation of radiographic ascites significantly improves upon
MELDNa for predicting one-year mortality. The presence of ascites may help identify patients at
increased risk for mortality not otherwise captured by MELD or MELDNa.
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INTRODUCTION
Patients with cirrhosis and ascites have a two year mortality rate of 50%.(1) The clinical
impact of ascites has historically been well recognized and its importance is underscored by
its inclusion in the Child Turcotte Pugh score.(2,3) However, with the advent of the MELD
score for risk prediction in advanced liver disease, the use of the Child Turcotte Pugh score
for risk profiling in liver patients has fallen out of favor.(4,5) Traditionally ascites has been
regarded as a subjective measure that is often transient in nature, which has limited its
effectiveness as a reliable marker for incorporation into risk prediction models. The
increasing use of radiological studies in patients with advanced liver disease provides a new
opportunity for objective measurement of ascites and reintroduces ascites as a potential
marker of increased mortality risk.

Over the past several years, investigators have studied variables that may refine the MELD
score’s ability to predict short term mortality. Several studies have shown that even after
adjusting for the MELD score, serum sodium (Na) and ascites continue to provide further
information about the risk of poor outcomes in patients with liver disease.(4,6–8) The
addition of Na to the MELD score, in the form of the MELDNa score, has been shown to be
a more effective model for risk prediction in patients awaiting liver transplantation,
particularly in patients with low MELD scores.(9–12) The relationship between the
MELDNa score and ascites has not previously been evaluated. The aim of our study was to
determine if the use of an objective measure of ascites confers additional mortality risk
beyond MELD and Na in patients with advanced liver disease.

METHODS
Study Population

We performed a retrospective review of the administrative database of the safety net
population receiving care at San Francisco General Hospital with cirrhosis and
complications of liver disease as identified by ICD9 codes. Patients were also included if the
CT scan described a nodular or cirrhotic liver or had findings consistent with portal
hypertension. Consecutive patients with at least one abdominal CT scan and available
laboratory tests between 2000 and 2007 were included. CT scans were commonly employed
at our institution for screening for hepatocellular carcinoma. Other CT scan indications
included a history of pancreatitis, weight loss/gain, diarrhea, hematuria, thrombocytopenia,
and pancytopenia. If a study subject had multiple CT scans, we used the first available CT
scan on record.

Study subjects were excluded if a MELDNa score could not be calculated from available
laboratory data within 30 days of the CT scan or if there was any concern for malignancy on
imaging. Patients were excluded if liver lesions greater than one centimeter with typical
enhancement were detected or if there was portal venous invasion suggestive of tumor in-
growth. We also excluded any patient in whom there was no follow up after CT imaging.
Because receipt of intravenous contrast during CT scans may be associated with worsening
creatinine and therefore increased likelihood of death, we excluded all patients in whom
creatinine was greater than 1.5 mg/dL at the time of contrast exposure in the primary
analysis. An additional analysis was performed if patients with creatinine greater than 1.5
mg/dL were included. For each subject, the follow up time was calculated from the initial
CT date to the date of the last clinical contact.

Predictors and Outcome
For each study subject in the cohort, we determined the mean of total bilirubin, international
normalized ratio (INR), creatinine, and Na within 30-days of the index CT. Individual CT
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scan reports were reviewed for “ascites” as a keyword. Therefore, the original radiological
report was blinded to the clinical outcome. Ascites was coded as a binary predictor as well
as an ordinal variable (absent, small, medium or moderate, and massive or large). Trace free
fluid was not considered in our definition of ascites. The primary outcome of interest was all
cause mortality within one-year from the index CT. Death was confirmed by cross-
referencing to the California vital statistics records. The follow up time was censored at one-
year.

Statistical Analysis
Patient demographics, baseline chemistries, MELD, MELDNa scores, and CT findings were
tabulated and compared using t- or nonparametric tests for continuous variables, and chi-
square or Fisher’s exact test for categorical variables. The MELD score was calculated using
the standard formula: 11.2*ln(INR) + 9.57*ln(creatinine, in mg per deciliter) +
3.78*ln(bilirubin, in mg per deciliter) + 6.43, with a lower limit of 1 for all variables and a
maximum MELD and MELDNa score of 40.(4) A MELDNa value was calculated for each
individual using the following formula: MELDNa = MELD + 1.0*(140-Na)
−0.025*MELD*(140-Na) where Na is capped between 125 mmol per liter to 140 mmol per
liter.(11)

Cox proportional-hazard models were used to predict one-year mortality. Proportional-
hazard assumptions were examined using plots of Schoenfeld residuals. During model
development, the effect of increasing severity of ascites was evaluated using a test of trend
across categories, and the joint effects of ascites and Na were evaluated graphically and
using Cox models. Graphical methods were also used to assess non-linearities as well as
interaction between ascites and the MELDNa score. These showed that ascites was
increasingly predictive of mortality in patients with lower MELDNa scores. In the final
model, the interaction between ascites and MELDNa was modeled using a linear spline term
equal to 21-MELDNa for patients with ascites and MELDNa scores < 21, and zero for all
other patients. More elaborate models for the interaction of ascites and MELDNa did not
improve prediction.

We compared the discrimination of the MELDNa and MELDNa + ascites models using
three metrics. First, we computed the C-index,(13) with 95% bootstrap bias-corrected
percentile confidence intervals, both for the individual indices and for the differences in
indices between models. Second, we computed the integrated discrimination improvement
(IDI), a novel analog of the change in the C-index.(14) Third, we calculated the net
reclassification index (NRI).(14) In computing the NRI, we classified predicted one-year
mortality as less than 5%, 5–10%, and greater than 10%. STATA Version 9.0 (Stata Corp.,
College Station, TX) was used for all analyses. This study was approved by the committee
on human research at the University of California San Francisco.

RESULTS
Study Population

One thousand and three patients met our inclusion criteria and were followed for 2,347
patient years with a median (range) follow up time of 1.86 (0.03 to 7.45) years; 69.5% of the
patients had follow up beyond one year. Median age was 49.5 (range 18 to 84) years. Our
population was predominately male (65%) and racially diverse with 36% White, 22%
Hispanic, 21% Black, and 18% Asian. The most common causes of liver disease were
alcohol (42%), HCV (41%), and HBV (11%).

Patients with ascites were more likely to have abnormal laboratory parameters and CT
findings of advanced portal hypertension (Table 1). The median (range) MELD and
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MELDNa score for patients with ascites was 13.4 (7–31) and 15.6 (7–32) as compared to
8.5 (6–34) and 9.2 (6–35) in those without ascites.

Ascites, Sodium, MELD, MELDNa, and Mortality
At the end of the one-year follow-up, 60 (6.0%) patients had died. One-year mortality was
higher in patients with ascites (24/112, 21.4%) as compared to those without ascites (36/890,
4.0%; hazard ratio, 6.08; 95% CI 3.62–10.19; p<0.001). The mortality risk associated with
moderate or large (hazard ratio 7.60 and 4.79, respectively; Table 2) amounts of
radiographic ascites was not significantly different from the risk in the subgroup with small
amounts of ascites (hazard ratio 3.99, 95% CI 1.92–8.27; Table 2). In addition, ascites
remained an important predictor for death after adjustment for serum sodium (hazard ratio
3.62, 95% CI 2.09–6.26; p<0.0005). Figure 1 shows that the increase in mortality risk
associated with ascites was proportional across the range of sodium levels.

Graphical methods demonstrated that ascites was associated with increases in mortality risk
nonlinearly across the range of MELD and MELDNa scores (Figure 2a, 2b). Specifically,
ascites was associated with increased mortality risk, but only among patients with MELD
and MELDNa less than 21. When MELD and MELDNa was greater than 21, the presence of
ascites was not associated with a significant increase in mortality. The linear spline, which
describes the interaction of ascites and MELDNa when MELDNa is less than 21 (Figure 2c),
was a powerful independent predictor of mortality (p<0.0005; Table 3). Figure 2c, showing
one-year mortality risk predicted for patients with and without ascites, suggests that risk
among all patients with ascites and MELDNa scores between 6 and 20 is roughly
comparable to the risk among patients with no ascites and a MELDNa score of 21.
Specifically, ascites inflated the mortality risk with the model attributing an added 0.86
MELDNa points for every unit increase in the linear spline variable (21 MELDNa). For a
patient with MELDNa score of 6, ascites increases mortality risk by the equivalent of an
additional 12.9 MELDNa points (15*0.86=12.9) to an adjusted MELDNa score of 18.9 in
the presence of ascites, while for a patient with MELDNa of 15, ascites increases estimated
risk by the equivalent of 5.2 points (6*0.86=5.2) to an adjusted score of 20.2. In contrast,
among patients with MELDNa scores of 21 or more, mortality risk appeared comparable in
those with and without ascites.

Discrimination and Reclassification using Ascites
One-year mortality was predicted with good discrimination by the MELD score (C-index
0.73), and more powerfully by the MELDNa score (C-index 0.77; Table 3). Addition of
ascites to the MELDNa model afforded substantial further improvement (C-index 0.80,
improvement 3.4%; 95% CI 0.2%–9.9%; p = 0.036 and Figure 3). The analogous IDI
measure was 1.8% (p=0.016). Since restricting creatinine may limit the prognostic ability of
the MELDNa score, an additional analysis including patients with creatinine values greater
than 1.5 mg/dl was performed; in this analysis, the C-index still improved by approximately
4% from 0.79 to 0.83 after addition of the ascites spline to the MELDNa model.

Net reclassification results are shown in Table 4. Among patients who died, 7 of 60 patients
were reclassified at higher risk and 1 of 60 at lower risk, for a net reclassification rate of
10% (6/60). Among 983 patients who did not die, 95 were reclassified at lower risk and 40
at higher risk; the net reclassification rate in this group was 5.8% (55/943). The overall net
reclassification index (NRI) was 15.8% (p = 0.0006).
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DISCUSSION
In this cohort of patients with advanced liver disease, the MELDNa score underestimated
mortality among patients with ascites when the score was less than 21. Even a small amount
of ascites was associated with increased mortality risk, and addition of ascites to the
MELDNa model substantially improved risk discrimination by three measures. The C-index
is the most commonly used measure of a model’s ability to discriminate between those who
develop the disease of interest and those who remain disease-free. Commonly, the addition
of new predictor to an established risk model leads to only a marginal improvement.(15,16)
However, in our study the increase of more than 3% in the C-index represented a substantial
and statistically significant improvement. The IDI suggested comparable improvement in
discrimination and was also statistically significant. Finally, the model correctly reclassified
a net of 15.8% of patients into the appropriate risk level. Thus our results support the need
for additional studies to validate these findings and to better understand the use of ascites to
improve risk assessment beyond what is predicted by the MELDNa score alone.

Ascites has historically been incorporated into risk models for patients with advanced liver
disease, buts its value in the MELD era continues to be debated.(6–8) An initial study using
ascites and MELD suggested that ascites provided marginal prognostic value with increases
in the C-index in the range of 0.01 to 0.03.(4) Heuman et al. subsequently determined that
persistent ascites was an independent predictor of mortality; specifically, ascites and low
sodium and not MELD were the important factors when the MELD score was less than 21.
(6) Studies using other patient cohorts have further supported the independent effect of
ascites on mortality.(7,8) Our study provides affirmation of the prognostic value of ascites
while further describing the interaction of ascites with MELD and MELDNa. Despite the
prognostic improvement with the incorporation of Na to MELD, the presence of ascites in
patients with MELDNa less than 21 signify a cohort whose risk appears to be
underestimated by MELDNa alone.(11)

Concern about the objectivity of quantifying ascites has cast doubt on inclusion of ascites in
risk prediction models. Our study attempts to objectify the presence of ascites by relying on
specific definitions of radiological evidence of ascites. By separating ascites assessment
from the clinician thereby effectively blinding the radiologists from the clinical outcome,
radiological ascites represents a relatively unbiased measure. Furthermore, given the
frequent use and availability of radiological studies in patients with advanced liver disease,
ascites can be easily assessed. In our cohort, increasing ascites did not confer additional risk
above the group with small ascites. The lack of statistically significant volume-dependent
mortality risk difference may represent the fact that the combination of serum sodium and
the presence of any ascites, rather than the degree of ascites, captures the important effect of
hemodynamic derangements. However, this retrospective study is unable to assess the
impact of diuretic use and duration of use. In addition, variability in volume measurements
between and within each individual radiologist could have led to the misclassification of
ascites volume, which may underestimate the impact of increases in ascites volume on
mortality.

Our study has several limitations. First, many earlier studies have assessed mortality within
90 or 180 days. Due to the small number of events within 90 and 180 days, we instead
modeled one-year mortality, limiting direct comparison between studies. However, in
unadjusted analyses censoring follow-up at both 90 and 180 days, our hazard ratios were
similar. Additionally, we confirmed that the effect of ascites did not violate the proportional
hazard assumption over the longer one-year period. Second, our dataset was restricted by
creatinine. Restricting creatinine may reduce the discrimination of the model using the
MELDNa score so that the addition of ascites appears to afford greater improvement in the
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C-index. However, in our sensitivity analysis including patients with elevated creatinine, the
increase in the C-index after addition of ascites remained large. Furthermore, our data
showed that ascites was only predictive among patients with MELDNa scores lower than 21;
in contrast, patients with elevated creatinine are more likely to be associated with MELDNa
scores greater than 21. This finding suggests that creatinine and ascites may contribute
different prognostic information across the MELDNa spectrum, thereby explaining the
prognostic value of ascites. Third, our safety-net population consists of patients with
advanced liver disease of diverse etiologies and may receive variable levels of management
for ascites. It is unclear how a model including ascites as well as MELDNa would perform
among specific subgroups of patients. It is important that future studies validate these early
findings, in particular, the interaction between ascites and MELDNa. Furthermore, more
objective measures of the hemodynamic derangements in cirrhosis, such as plasma levels of
aldosterone, renin, or norepinephrine, may importantly delineate the mortality risk.(17)

In summary, incorporation of radiographic ascites significantly improves upon MELDNa for
predicting one-year mortality. The presence of ascites may help identify patients at increased
risk for short-term mortality not otherwise captured by MELDNa, in particular when scores
are below 21. Future directions may include identifying simple and objective measurements
of ascites or a surrogate for ascites that will capture the added mortality risk. In addition, the
analysis should be extended to subgroups of liver disease such as those awaiting
transplantation, undergoing pre-surgical evaluation, or being considered for treatment of
hepatocellular carcinoma.(18) Greater awareness of the mortality risk associated with ascites
may impact available treatment options and therefore improve overall delivery of medical
care.
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Figure 1.
Mortality Risk across Serum Sodium in Patients with and without Ascites. The presence of
ascites represented a constant elevated mortality risk across the range of serum sodium
examined.
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Figure 2.
Actual and Estimated One-year Mortality Risk across MELD and MELDNa in Patients with
and without Ascites
a. The one-year mortality risk curve representing patients with ascites deviated from those
without ascites especially when MELD was less than 21. In this range, MELD
underestimated mortality risk in the presence of ascites.
b. Similarly, the one-year mortality risk curve representing patients with ascites deviated
from those without ascites when MELDNa was less than 21.
c. The risk associated with ascites was captured using a linear spline, equal to 21-MELDNa
for patients with ascites and MELDNa scores < 21, and zero for all other patients. When
MELDNa is less than 21 and ascites is present (black line), mortality risk can be estimated
by adding 0.86 MELDNa points for every unit decrease in MELDNa below 21.
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Figure 3.
Receiver Operator Curves for MELD, MELD-Na, and MELD-Na with the Addition of
Ascites
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Table 1

Baseline Patient Characteristics According to Ascites Status

Overall N=1,003 Ascites N=112 No Ascites N=891 p-valuea

Age, yr, median (range) 49.5 (18–84) 49.8 (26–84) 49.5 (18–80) 0.39

Male, % 64.7 61.7 65.1 0.45

Laboratory Parameters, median (range)

 MELD 10.0 (6–34) 13.4 (6–29) 8.5 (6–34) <0.001

 MELDNa 11.1 (6–35) 15.6 (6–30) 9.2 (6–35) <0.001

 Total bilirubin–mg/dL 1.3 (0.2–21.6) 1.6 (0.2–12.7) 0.7 (0.2–21.6) <0.001

 Creatinine–mg/dL 0.9 (0.3–1.5) 0.9 (0.3–1.5) 0.9 (0.4–1.5) 0.26

 INR 1.3 (0.7–5.3) 1.5 (0.8–4.2) 1.1 (0.7–5.3) <0.001

 Sodium–mmol/L 139 (127–150) 137 (127–143) 140 (127–150) <0.001

CT findings, %

 Splenomegaly 18.2 42.0 14.8 <0.001

 Varices 12.2 25.9 10.4 <0.001

a
p-values are chi-square and t-tests of the difference between patients with and without ascites
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Table 2

Hazard Ratios Associated with Increasing Severity of Ascites

Ascites N=1,003 HR 95% CI

None 891 Ref --

Small 55 3.99 1.92–8.27

Moderate 28 7.60 3.67–15.8

Large 26 4.79 1.88–12.2

Note: 3 patients did not have ascites volume specified.
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Table 4

One-Year Mortality Risk Reclassification of Patients Who Died or Who Did Not Die Using MELDNa only
Model versus MELDNa + Ascites

MELDNa + Ascites

MELDNa Only <5% 5–10% number >10% Total No.

Patients who Died

 <5% 13 - 4 17

 5–10% 1 7 3 11

 >10% - - 32 32

 Total No. 14 7 39 60

Patients who were Alive

 <5% 616 - 16 632

 5–10% 69 73 24 166

 >10% - 26 119 145

 Total No. 685 99 159 943
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