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Abstract
Background & Aims—Cirrhotics undergoing transjugular intrahepatic portosystemic shunt
(TIPS) for refractory ascites or recurrent variceal bleeding are at risk for decompensation and death.
This study examined whether a new model for end-stage liver disease (MELDNa), which
incorporates serum sodium, is a better predictor of death or transplant after TIPS than the original
MELD.

Methods—148 consecutive patients undergoing non-emergent TIPS for refractory ascites or
recurrent variceal bleeding from 1997 to 2006 at a single center were evaluated retrospectively. Cox
model analysis was performed with death or transplant within 6 months as the end point. The models
were compared using the Harrell’s C index. Recursive partitioning determined the optimal MELDNa
cut-off to maximize the risk-benefit ratio of TIPS.

Results—The predictive ability of MELDNa was superior to MELD, particularly in patients with
low MELD scores. The C indices (95% CI) for MELDNa and MELD were 0.65 (0.55, 0.71) and
0.58 (0.51, 0.67) using a cut-off score of 18, and 0.72 (0.60, 0.85) and 0.62 (0.49, 0.74) using a cut-
off score of 15. Using a MELDNa > 15, 22% of patients were reclassified to a higher risk with an
event rate of 44% compared to 10% when the score was ≤ 15.

Conclusions—MELDNa performed better than MELD in predicting death or transplant after TIPS,
especially in patients with low MELD scores. In cirrhotics undergoing non-emergent TIPS, a MELD
score ≤ 18 can provide a false positive prognosis; a MELDNa score ≤ 15 provides a more accurate
risk prediction.
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Refractory ascites and variceal bleeding represent manifestations of decompensated cirrhosis
with a 2-year mortality rate of up to 50% or higher 1–4. Transjugular intrahepatic portosystemic
shunts (TIPS) is a treatment option for these patients, but has associated risks including death
5. Appropriate patient selection for TIPS is therefore critical for optimizing patient outcomes.

Several models have been developed to predict outcomes in patients undergoing TIPS 6–13.
The Model for End-Stage Liver Disease (MELD), originally developed in a cohort of cirrhotic
patients undergoing non-emergent TIPS, is a commonly applied risk prediction tool as it
effectively predicts short-term mortality 8, 10, 12. Current evidence suggests that patients with
a MELD score above 18 are at a higher risk of death after TIPS compared to patients with a
MELD score of less than 18 8, 11, 12.

MELD does not include serum sodium, a well-described predictor of mortality in end stage
liver disease 14–21. Kim et al developed and validated a new model, MELDNa, which
incorporates serum sodium into MELD 20. Compared with MELD, MELDNa improved
prediction of short-term mortality in a large cohort of patients awaiting liver transplant,
particularly in those with low MELD scores. In this study, we examined whether MELDNa
was superior to MELD in predicting death or transplant in patients undergoing elective TIPS,
the majority of whom have low MELD scores.

Methods
Patient Selection

Consecutive adult patients ≥ 18 years who underwent TIPS at the University of California, San
Francisco from 1997 to 2006 were evaluated retrospectively by chart review. Inclusion criteria
were non-emergent TIPS for indications of refractory ascites (not responsive to or intolerant
of high dose diuretics, and/or requiring large volume paracentesis every 2 weeks), symptomatic
hepatohydrothorax (effusion causing shortness of breath and requiring at least 2 thoracenteses),
symptomatic umbilical hernia (including ulceration and rupture), or recurrent variceal
bleeding. We defined recurrent variceal bleeding as a history of rebleeding after initial
endoscopic therapy but with stable hematocrit and absence of blood transfusions or signs of
re-bleeding for at least 48 hours prior to non-emergent TIPS. Patients were excluded if they
had any of the following: active GI bleeding requiring emergent TIPS, active infection,
hepatocellular carcinoma or other cancers, ascites (but not refractory), missing clinical
information or laboratory measurements within 7 days of TIPS, or previous surgical shunt,
TIPS, or liver transplant.

An Interventional Radiologist performed TIPS following standard techniques. Self-expandable
10mm-Wallstents (Boston Scientific, Natick, MA) were used prior to 2003. Thereafter, 10-
mm Viatorr stent-grafts (W.L. Gore and Associates, Inc., Flagstaff, AZ) were routinely
inserted. To evaluate for shunt complications, an ultrasound was routinely obtained within 24
hours after TIPS placement and at one month and six months thereafter. Abnormal ultrasound
results were followed up with a hepatic venogram. Stent occlusion occurred in 23 patients
(16%); 5 of these occurred within 6 months of TIPS placement. There was no identifiable era
effect in study outcomes before and after covered stents were routinely performed.

Patients were followed until transplant or death. Patients alive at the end of the study period
or who were lost to follow-up were censored at the last date of clinical contact. We
administratively censored our data at 6 months based on the convention that MELD and
MELDNa are most often used to predict short-term mortality as well as to mitigate the impact
of competing risks of TIPS-related complications. The UCSF Institutional Review Board
approved the study protocol.
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Data collection
Patient age, etiology of liver disease, presence of histologic or radiologic cirrhosis, indication
for and date of TIPS, and date of outcomes of death or transplant were retrieved from medical
records. Death status was cross-referenced with the Social Security Death Index. Laboratory
values for serum sodium, total bilirubin, creatinine, and the International Normalized Ratio
(INR) were recorded within 24 hours prior to TIPS placement for 142 patients; the remaining
patients had data within the prior 7 days. We performed calculations based on previously
published formulas for MELD 22 [MELD=11.2 × ln(INR) + 3.78 × ln(total bilirubin) + 9.57
× ln(creatinine) + 6.43] and MELDNa 20 [MELDNa = (MELD) − Na −[0.025 × MELD × (140-
Na)] + 140 with a cap of Na between 125 and 140].

Statistical Analysis
Chi square and Student’s t-test were used to compare dichotomous and continuous variables.
Cox models generated hazard ratios for the composite end point of death or transplant within
6 months using MELD and MELDNa as continuous predictors. The assumption of proportional
hazards was tested by the Schoenfeld statistical test. The Harrell’s C index 23 was employed
to compare the predictive ability of MELD versus MELDNa models. The 95% confidence
intervals for the C indices were created using bootstrap techniques. To identify the MELDNa
cutoff that maximized the difference in probability of death or transplant between 2 groups,
we compared log rank tests for Kaplan Meier survival curves stratified by various MELDNa
cutoffs, and confirmed these findings by fitting a tree-structured survival model using recursive
partitioning in R version 2.8.1. Statistical analysis was otherwise performed using Stata version
10.0 [College Station, TX].

Results
Patient Characteristics

Of the 258 consecutive adult patients who underwent TIPS at our institution from 1997 to 2006,
148 patients met inclusion criteria for non-emergent TIPS: 108 (73%) for refractory ascites,
hepatohydrothorax, or umbilical hernia, and 40 (27%) for recurrent variceal bleeding. Patient
characteristics stratified by indication are shown in Table 1. Patients with ascites and bleeding
had statistically significant differences in age, MELD, MELDNa, serum sodium, and creatinine
(p < 0.05). There were 109 (74%) patients with a MELD score of ≤ 18 and 74 (50%) patients
with a MELD score of ≤ 15.

Patient Outcomes
During the study period, 61 patients died and 43 patients underwent transplant. The median
follow-up time (interquartile range) was 10.6 months (3.4, 29.1). By 6 months, 22 patients died
and 22 patients underwent transplant; the 6-month event rate (95% CI) was 32% (25, 40). To
determine the optimal cut-off score that distinguishes between events and non-events, we
compared log rank tests of dichotomized Kaplan Meier curves at various MELDNa scores and
performed recursive partitioning. Both methods identified a MELDNa score of 15 as the
optimal cut-off (p=.0015) [Figure 1].

Univariate analysis in the entire cohort revealed that age, serum sodium, MELD, MELDNa,
and indication of refractory ascites as compared to recurrent variceal bleeding were significant
predictors of death or transplant within 6 months [Table 2]. Refractory ascites was no longer
a significant predictor of outcomes in the multivariate Cox models that accounted for either
MELD or MELDNa. There were no clinically or statistically significant interactions between
ascites and the following predictors: serum sodium, MELD, and MELDNa (p>0.05). An
interaction between serum sodium and MELD was present (p=0.02).
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Risk Prediction and Reclassification
MELDNa improved upon MELD for prediction of death or transplant within 6 months in the
entire cohort, as well as in patients with low MELD scores [Table 3]. Low MELD score cutoffs,
defined as MELD ≤ 18 and MELD ≤ 15, were chosen a priori based on previous reports 8,
11 and on the cut-point determined by our recursive partitioning analysis. In the entire cohort,
the Harrell’s C index (95% CI) for MELDNa was 0.64 (0.59, 0.74) and for MELD was 0.60
(0.53, 0.70), for an overall improvement in event discrimination with MELDNa of 4% (CI
0.008, 0.089). In low MELD score patients, the improved performance of MELDNa over
MELD was even more pronounced. In patients with scores ≤ 18 as compared to those with a
score of > 18, the C indices (95% CI) for MELDNa and MELD were 0.65 (0.55, 0.71) and
0.58 (0.51, 0.67). In patients with scores ≤ 15 as compared to those with a score of > 15, the
C indices (95% CI) for MELDNa and MELD were 0.72 (0.60, 0.85) and 0.62 (0.49, 0.74).
MELDNa improves discrimination of events over MELD in both low MELD groups by 12%
(CI 0.01, 0.21).

We next examined reclassification of a patient’s risk of death or transplant based on MELD
and MELDNa cut-offs of 18 and 15 [Table 4]. Patients with discordant MELD and MELDNa
scores are of the most interest as they were reclassified to a higher risk of death or transplant
using their MELDNa score [Group 1]. For example, in the reclassified group, a patient’s
MELDNa score would be > 18 but his MELD score would be ≤ 18. Reclassified patients
represented 25% of cohort (37 patients) using a cut-off of 18, and 22% of the cohort (32
patients) using a cut-off of 15. The remaining patients had concordant MELD and MELDNa
scores and their risk was not reclassified [Groups 2 and 3].

Using MELD instead of MELDNa would result in an underestimation of the risk of events in
the reclassified group as shown by comparing the cumulative event rate of death or transplant
for each group [Table 4]. Patients with concordant MELD and MELDNa scores below 18 and
15 [Group 3] have the lowest event rates of 21% (p value 0.057 vs. reclassified group) and
9.5% (p<0.001 vs. reclassified group) respectively. However, in patients who are reclassified
due to their MELDNa score being higher than their MELD score [Group 1], their event rate is
higher. In this scenario, the event rate for the reclassified patients [Group 1] is similar to those
patients with concordant MELD or MELDNa scores above 18 and 15 [Group 2]: 38% vs. 39%
for a MELD cut-off 18, and 44% vs. 35% for a MELD cut-off of 15.

Discussion
MELDNa improves discrimination of the risk of death or transplant within 6 months as
compared to MELD in patients undergoing non-emergent TIPS for refractory ascites or
recurrent variceal bleeding. The clinical implication of this finding is most evident in patients
with low MELD scores who are reclassified to a higher risk based on their MELDNa score.
We determined that a MELDNa score of 15 best optimizes discrimination between events and
non-events, with less than 10% experiencing death or transplant with MELDNa ≤ 15 as
compared to 44% with MELDNa > 15.

Several studies have shown that serum sodium, in addition to MELD, captures additional risk
of death in cirrhotic patients 14–20. In patients undergoing elective TIPS, investigators have
similarly demonstrated that serum sodium is an independent predictor of outcomes 13, 24. Our
study provides further support of these observations and suggests that for every 1 mEq/dl
decrease in serum sodium there is a 6% increase in the risk of death or transplant within 6
months after TIPS. The important statistical interaction of MELD and serum sodium that has
been documented here and in other studies resulted in the development of the MELDNa model
16, 18–20. Our results support the expansion of the application of the MELDNa model to
cirrhotic patients undergoing elective TIPS.
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MELDNa is particularly effective at predicting risk in patients with low MELD scores, and
results in the reclassification of some patients to a higher risk of death or transplant 19, 20.
Patients undergoing elective TIPS typically have low MELD scores. The median MELD score
in our cohort was 15, which is similar to other studies 8, 11–13. We demonstrated that low
MELD score patients continue to have an increased risk of death or transplant after TIPS, and
that the MELDNa model more effectively captures this risk, resulting in the reclassification of
up to 25% of patients.

To evaluate the effectiveness of MELDNa and MELD based-models, we employed the
Harrell’s C index 23. This index compares the expected to observed outcomes generated by
Cox proportional models and is analogous to the receiver operative curve statistic, or C statistic,
that is derived from logistic regression models. A higher C index indicates improved model
performance. The C indices for MELD in patients with scores of ≤ 18 and ≤ 15 were 0.58 (0.51,
0.67) and 0.62 (0.49, 0.74), suggesting that this model performs inadequately in patients with
low scores. In comparison, the C indices for MELDNa in patients with scores of ≤ 18 and ≤
15 were 0.65 (0.55, 0.71) and 0.72 (0.60, 0.85). Clinically, the application of MELDNa in those
with low MELD scores improves discrimination of risk of death or transplant by over 12%.
As expected, because our population of patients undergoing non-emergent TIPS does not
represent the entire spectrum of MELD scores (less than 10% of patients have a MELD > 22),
the C indices in our analysis are lower than those reported in previous studies that evaluated
MELD and MELDNa in patients awaiting liver transplant where the full range of scores is
represented 20, 25.

Our findings are subject to some limitations. The size of the cohort and the relatively small
number of outcomes within 6 months tempers our ability to validate the MELDNa score of 15
we generated as the optimal cut-off for discrimination of events versus non-events. Application
of this score in a larger cohort would strengthen this conclusion by providing a continuous
estimation of risk rather than a dichotomous cut-point and could allow for testing in shorter
post-TIPS time intervals. Our cohort consisted mainly of patients undergoing non-emergent
TIPS for the indication of refractory ascites, in contrast to other studies that included emergent
variceal bleeding or where the majority of patients underwent elective TIPS for prevention of
variceal re-bleeding 6–8, 10. We excluded patients with emergent variceal bleeding due to their
higher risk of death in the early post-TIPS period as compared with patients undergoing TIPS
for non-emergent indications 7, 9, 26. Advances in endoscopic and pharmacologic management
of variceal bleeding likely contribute to the decreased number of patients undergoing TIPS for
prevention of variceal rebleeding in our cohort 5, 27. To confirm that MELDNa performs well
independent of indication for TIPS, we conducted a sensitivity analysis restricting the results
to ascitic patients alone and found very similar hazards ratios, p values, and C indices [data
not shown]. This would be expected since ascites as compared to bleeding was no longer a
significant predictor of outcomes in multivariate models accounting for MELD or MELDNa.
These findings suggest that the MELDNa model is applicable for both non-emergent
indications.

Given ongoing controversy regarding the optimal management strategy for refractory ascites
24, 28–32 and the continued improvements in endoscopic and pharmacologic management of
variceal bleeding 2, 33, our results establishing that MELDNa is a superior risk prediction tool
compared to MELD can be helpful to clinicians who must determine the risk-benefit ratio of
elective TIPS for individual patients. Furthermore, this analysis suggests that a MELD score
of ≤18 is falsely reassuring, particularly in patients with concurrent hyponatremia. A cut-off
MELDNa score of 15 may become the new benchmark for categorizing risk of elective TIPS
in the future, though a validation study is necessary before widespread application is adopted.
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Figure 1.
Probability of Death or Transplant within 6 months in patients with a MELDNa score of > 15
(dashed line) as compared to ≤ 15 (solid line) [Panel A, log rank test p value = 0.0015] and
with a MELD score of > 15 (dashed line) as compared to ≤ 15 (solid line) [Panel B, log rank
test p value = 0.0131].
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Table 1

Patient Characteristics

Ascites (n=108) Bleeding (n=40)

Age, median (IQR) 54 (49,62) 50 (44,57)
Male, (n, %) 69 (64) 22 (55)
Liver Disease, (n, %)
 HCV 31 (29) 11 (28)
 ALD 25 (23) 8 (20)
 HCV + ALD 24 (20) 10 (25)
 Other cirrhotic 28 (26) 11 (28)
MELD, median (IQR) 16 (12,19) 12 (10,16)
MELDNa, median (IQR) 20 (16,23) 14 (13,19)
Sodium, median (IQR) 134 (131,137) 136 (134,138)
Creatinine, median (IQR) 1.3 (1.0, 1.6) 0.8 (0.6,1.0)
INR, median (IQR) 1.4 (1.2, 1.6) 1.3 (1.2, 1.5)
Bilirubin, median (IQR) 1.9 (1.3, 2.7) 1.8 (1.1, 3.8)

IQR, interquartile range. n, number.
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Table 2

Univariate Analysis of Predictors of Events within 6 months

HR 95% CI P value

Age* 1.05 1.02,1.09 0.001
Ascites§ 2.66 1.12,6.30 0.026
Sodium¶ 0.94 0.89,0.99 0.017
MELD 1.08 1.01,1.14 0.015
MELDNa 1.09 1.04,1.16 0.001

*
Per year.

§
Reference indication of bleeding

¶
Per mEq/dl.
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Table 3

Hazard Ratio of Death or Transplant within 6 months Comparing MELD and MELDNa models

MELD MELDNa

All patients n=148

Hazard Ratio 1.08 (1.01,1.14) 1.09 (1.04, 1.16)
p value 0.015 0.001
C index 0.60 (0.53,0.70) 0.64 (0.59,0.74)

MELD ≤ 18 n=109

Hazard Ratio 1.10 (0.97,1.25) 1.13 (1.04,1.23)
p value 0.135 0.004
C index 0.58 (0.51, 0.67) 0.65 (0.55,0.71)

MELD ≤ 15 n=74

Hazard Ratio 1.20 (0.95, 1.51) 1.28 (1.11, 1.47)
p value 0.121 0.001
C index 0.62 (0.49, 0.74) 0.72 (0.60, 0.85)
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