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BACKGROUND & AIMS: The Model for End-stage Liver Dis-
ease and Sodium (MELD-Na) score was introduced for liver
allocation in January 2016. We evaluated the effects of liver
allocation, based on MELD-Na score, on waitlist and post-
transplantation outcomes. METHODS: We examined 2
patient groups from the United Network for Organ Sharing
registry; the MELD-period group was composed of patients
who were registered as transplant candidates from June 18,
2013 through January 10, 2016 (n ¼ 18,850) and the
MELD-Na period group was composed of patients who were
registered from January 11, 2016 through September 30,
2017 (n ¼ 14,512). We compared waitlist and post-
transplantation outcomes and association with serum sodium
concentrations between groups. RESULTS: Mortality within 90
days on the liver waitlist decreased (hazard ratio [HR] 0.738,
P < .001) and transplantation probability increased signifi-
cantly (HR 1.217, P < .001) in the MELD-Na period. Although
mild, moderate, and severe hyponatremia (130–134, 125–
129, and <125 mmol/L) were independent risk factors for
waitlist mortality in the MELD period (HR 1.354, 1.762, and
2.656; P < .001, P < .001, and P < .001, respectively)
compared with the reference standard (135–145 mmol/L),
these adverse outcomes were decreased in the MELD-Na
period (HR 1.092, 1.271 and 1.374; P ¼ .27, P ¼ .018, and
P ¼ .037, respectively). The adjusted survival benefit of
transplant recipients vs patients placed on the waitlist in
the same score categories was definitive for patients with
MELD-Na scores of 21–23 in the MELD-Na era (HR 0.336,
P < .001) compared with MELD scores of 15–17 in the MELD
era (HR 0.365, P < .001). CONCLUSIONS: Liver allocation
based on MELD-Na score successfully improved waitlist
outcomes and provided significant benefit to hyponatremic
patients. Given the discrepancy in transplantation survival
benefit, the current rules for liver allocation might require
revision.
Keywords: Hyponatremia; Waitlist Mortality; Survival Benefit;
United Network for Organ Sharing.
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WHAT YOU NEED TO KNOW

BACKGROUND AND CONTEXT

The OPTN/UNOS introduced the MELD-Na score for the
allocation of liver grafts in 2016 in the United States.
The impact of the new allocation has not been evaluated.

NEW FINDINGS

The MELD-Na based allocation significantly decreased
waitlist mortality. Hyponatremia was no longer a risk
factor for waitlist mortality. Survival benefit of liver
transplant has shifted towards higher score categories.

LIMITATIONS

The OPTN/UNOS registry is retrospective in nature and
lacks detailed clinical information. The effect of the
MELD-Na based allocation in patients with exception
points remains to be elucidated.

IMPACT

The MELD-Na score-based liver allocation successfully
improved waitlist outcomes and hyponatremia was no
longer a risk factor for waitlist mortality.
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he Model for End-stage Liver Disease (MELD) score
Thad been used for the allocation of deceased donor
liver grafts in the United States since 2002.1,2 The MELD
score predicts mortality in patients with liver cirrhosis and
prioritizes patients for liver transplantation (LT) on that
basis. However, hyponatremia is an independent prognostic
factor in patients with cirrhosis but was not included in the
original MELD score calculation.3–5 Kim et al6 proposed a
modified scoring system to further decrease waitlist mor-
tality that incorporates serum sodium concentration into
the MELD equation (MELD-Na). This MELD-Na score was
officially implemented for liver graft allocation in January
2016.2

In the United States, the liver allocation system includes
Share 15 and Share 35 rules.2 The Share 35 rule offers
livers to local and regional patients on the waitlist with
MELD (and MELD-Na) scores of at least 35. The Share 15
rule offers liver grafts from deceased donors regionally or
nationally before returning to local candidates with MELD
(and MELD-Na) score lower than 15. Despite imple-
mentation of the new allocation using the MELD-Na score,
the regional share systems based on specific scores (Share
15 and Share 35) have not been re-evaluated. These rules
were determined using data from the MELD period.7,8

The rationale of Share 15 was derived from the results of
a study conducted by Merion et al9 that evaluated the
survival benefit of LT based on MELD score. However,
the impact of MELD-Na based allocation on waitlist and
post-transplantation outcomes has not previously been
investigated.

To better understand the effects of the new liver allo-
cation based on MELD-Na score, we compared waitlist
outcomes and post-transplantation outcomes between
the MELD and MELD-Na periods after Share 35 was
implemented. In addition, we re-evaluated the survival
benefit of LT in the MELD-Na period. It should be noted that
the 2 major studies by Kim et al6 (the original study pro-
posing the MELD-Na score) and Merion et al9 (the original
study for the survival benefit of LT) used different end
points for waitlist outcome. The study by Kim et al proposed
the MELD-Na score by assessing 90-day waitlist outcome.
The study by Merion et al investigated the survival benefit
of LT by comparing overall waitlist mortality and 1-year
post-transplantation patient survival. In this study, we
mainly investigated 90-day waitlist outcomes to assess the
impact of the MELD-Na based allocation, whereas overall
waitlist mortality was evaluated to compare survival benefit
of LT in the MELD and MELD-Na periods.
Methods
Patient Selection

This study used data from the Organ Procurement and
Transplantation Network (OPTN) and United Network for Or-
gan Sharing (UNOS) contained in the Standard Transplant
Analysis and Research (STAR) file, which included data for all
patients on the LT waitlist registered up to September 30, 2017.
All adult patients (�18 years old) who were registered after
implementation of Share 35 (June 18, 2013) for LT or LT and
kidney transplantation were eligible for inclusion in this study.
Exclusion criteria included age younger than 18 years,
retransplantation, status 1 listing, and LT combined with
thoracic organ(s), pancreas, and/or intestine. When patients
were removed from the waitlist because transplantation was
done at a different center, their waitlist data were excluded
from the analysis. Patients who received exception score(s)
were censored on the day of exception score approval. The
OPTN policy for exception score(s) for hepatocellular carci-
noma (HCC) was revised during the study period (October
2015)10; therefore, patients with exception score(s) for HCC
were excluded. Patients who received living donor liver trans-
plants were censored on the day of transplantation. We
examined 2 patient groups; the MELD period group was
composed of patients registered on the list from June 18, 2013
to January 10, 2016, and the MELD-Na period group was
composed of patients registered from January 11, 2016 to
September 30, 2017.
Analysis for Waitlist and Post-transplantation
Outcomes

Waitlist patients were classified based on their initial lab-
oratory MELD and MELD-Na scores to analyze waitlist out-
comes. Transplant recipients were classified based on their
final pretransplantation score to analyze post-transplantation
outcomes. These classifications were performed according to
MELD score for patients in the MELD period and MELD-Na
score for those in the MELD-Na period. Of note, the MELD-Na
score is applied when the MELD score is at least 12.11

Patients were stratified according to MELD and MELD-Na
scores (12 groups) and initial serum sodium concentration
range groups (5 groups; mild [130–134 mmol/L], moderate
[125–129 mmol/L], and severe [<125 mmol/L] hyponatremia,
hypernatremia [>145 mmol/L], normal sodium concentration
[135–145 mmol/L]). The prognostic impact of hyponatremia
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on waitlist outcomes (90-day mortality) was evaluated in the
2 periods.

Because differences in follow-up time can cause a with-
drawal bias, patients registered in the MELD and MELD-Na
periods were censored on the last day of each period
(January 10, 2016 and September 30, 2017, respectively) in the
waitlist and post-transplantation outcome analyses. MELD and
MELD-Na scores were developed to predict waitlist mortality at
90 days after registration.6 Therefore, we used 90-day waitlist
outcomes as a main end point (mortality and transplantation
probability). In addition, we used overall waitlist outcomes as
an additional end point. For post-transplantation outcome,
1-year graft survival was set as an end point. A subgroup
analysis for waitlist and post-transplantation outcomes was
conducted according to hepatitis C virus (HCV) infection status
to consider possible cofounding effects of the introduction of
new direct-acting antivirals on waitlist and post-
transplantation outcomes.

The survival benefit of LT was compared between the 2
periods as a function of MELD and MELD-Na scores. The sur-
vival benefit is expressed as a ratio comparing the mortality
rate of liver transplant recipients with candidates on the
waitlist (death per 1000 patient-years).9 The waitlisted patients
were classified by their final score. In this analysis, waitlist
outcome throughout the period and post-transplantation
outcome with 1-year follow-up were set as end points.
Definitions of Waitlist Outcomes
In the analysis of waitlist mortality, removal from the

waitlist because of deterioration in medical condition (ie, too
sick for transplantation) was considered waitlist mortality.
Many of these patients were critically ill and died within a short
period of waitlist removal. Conversely, the LT survival benefit
analysis was performed twice using 2 definitions of waitlist
mortality: (1) “too sick for transplantation” was not considered
waitlist mortality, which mirrors the methodology in the study
by Merion et al,9 and (2) “too sick for transplantation” was
considered waitlist mortality.
Delta MELD ¼
�
ðNew Final MELD� Prior MELDÞ �

�
30 Days

Day difference between }New Final MELD} & }Prior MELD}

��
Statistical Analysis
Data were summarized using median with interquartile

range for continuous variables and number and percentage for
discrete variables. Continuous variables were analyzed using
the Mann-Whitney U-test and discrete variables were analyzed
using the c2 test. Transplantation probability and waitlist
mortality rates were compared by the Gray test to estimate
cumulative incidence of competing events, including death,
transplantation, and other reasons for removal from the wait-
list. Multivariable models were created to elucidate factors that
affect waitlist and post-transplantation outcomes. Waitlist
mortality and transplantation probability were compared be-
tween the MELD and MELD-Na periods using Fine-Gray pro-
portional hazard regression models. The Fine-Gray models
allow for the analysis of competing risk events, which in this
study included mortality, transplantation, and other reasons for
waitlist removal. Post-transplantation outcomes were
compared using Cox proportional hazard models. The risk of
waitlist mortality was adjusted for recipient age, race, gender,
primary diagnosis, listed for LT and kidney transplantation,
UNOS region (1–11), history of diabetes, Karnofsky score at
registration lower than 30%, presence of ascites, hepatic en-
cephalopathy, and dialysis requirement at registration. The risk
of liver graft loss was adjusted for recipient age, race, gender,
primary diagnosis, LT and kidney transplantation, UNOS region
(1–11), organ share type (local, regional, or national), history of
diabetes, Karnofsky score at transplantation lower than 30%,
donor age, cold ischemia time, donation after cardiac death,
presence of ascites, hepatic encephalopathy, and dialysis
requirement at transplantation.8

To further validate our analysis of waitlist outcomes be-
tween the MELD and MELD-Na periods, we used a propensity
score matching model, in addition to the multivariate analysis.
We estimated the propensity score by period for each wai-
tlisted patient using a multivariable logistic regression model in
which all variables listed earlier were included. Then, we used
the propensity score, the single composite variable, to match
patients in each period by matching the propensity score using
a caliper of 0.20 SD. The 14,244 patients were compared in the
MELD and MELD-Na periods. By using the matched groups, 90-
day waitlist mortality rate and transplantation probability were
estimated and compared by the Gray test and hazard ratios
(HRs) were estimated by a Fine-Gray regression model.

In the survival benefit analysis, delta MELD (MELD-Na) score
was computed by dividing the change in score by the interval
between reported dates of change.12 Delta MELD (MELD-Na)
score was included in the covariates for the multivariable model.
The STAR waitlist database was queried for “new final MELD
(MELD-Na)” scores within 90 days before recipients’ censoring
point, that is, transplantation, removal from the waiting list, or
end of period. From the identified new final score date, we
further identified “prior MELD (MELD-Na)” scores at least 25
days before the newly contrived new final scores. We estimated
the 30-day average delta MELD as follows:
All statistical analyses were completed using SPSS 19 (IBM
Corp, Armonk, New York) and R (R Foundation for Statistical
Computing, Vienna Austria), and significance was set at .05.
Study design, patient cohort and statistical methodologies are
summarized in Supplementary Table 1.

Results
Recipient Characteristics

Before applying the inclusion and exclusion criteria, the
numbers of waitlisted patients and transplant recipients in
the MELD and MELD-Na periods were compared. The total
numbers of patients who were added to the waitlist were
30,723 and 22,269 in the MELD period (909 days) and
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MELD-Na period (629 days), respectively. The newly listed
patients significantly increased in the MELD-Na period
(from 1,014 to 1,062 patients per month; P < .001). The
total numbers of liver transplant recipients were 17,584 and
13,759 in the MELD and MELD-Na periods. The monthly
number of transplantations significantly increased in the
MELD-Na period (from 580 to 656 transplants per month;
P < .001).

There were 18,850 patients in the MELD period and
14,512 patients in the MELD-Na period who met inclusion
criteria forwaitlist outcome analysis. Of these, 6547 and5862
patients who underwent primary deceased donor LT in the
same period were evaluated in the post-transplantation
outcome analysis. The actual score at registration and
transplantation significantly increased in the MELD-Na
period, whereas the proportion of patients with poor per-
formance status at registration (Karnofsky score< 30%) and
those requiring dialysis or life support decreased (Table 1). In
the MELD-Na period, the score distributions shifted from
lower to mid score categories at registration and at trans-
plantation. At registration, 38.3% of patients had a score of
21–34 in the MELD-Na period compared with 29.6% in the
MELD period (Figure 1A). At transplantation, 52.8% of pa-
tients had a score of 21–34 in the MELD-Na period compared
with 46.8% in the MELD period (Figure 1B). The serum so-
dium concentration at transplantation in theMELD-Na period
was significantly lower in patients with scores of 6–11 and
18–39 (Figure 1C).
Comparisons of Waitlist and Post-transplantation
Outcomes Between MELD and
MELD-Na Periods

Waitlist outcomes at 90 days after registration (mortal-
ity and transplantation) and 1-year liver graft loss were
compared between the MELD and MELD-Na periods
(Figure 2A–C). The hazard of 90-day waitlist mortality in the
MELD-Na period was 26.2% lower than in the MELD period
(HR 0.738, 95% confidence interval [CI] 0.681–0.799, P <
.001). The 90-day transplantation probability increased by
21.7% in the MELD-Na period (HR 1.217, 95% CI 1.158–
1.280, P < .001). The risk of 1-year graft loss or patient
death was similar between the MELD and MELD-Na periods
(graft loss: HR 1.086, 95% CI 0.955–1.235, P ¼ .21; patient
death: HR 1.068, 95% CI 0.938–1.215, P ¼ .323). Overall
waitlist outcomes also were compared, which demonstrated
similar trends. The overall waitlist mortality in the MELD-Na
period was 33.5% lower than in the MELD period (HR
0.665, 95% CI 0.625–0.708, P < .001). The overall trans-
plantation probability was 19.7% higher in the MELD-Na
period than in the MELD period (HR 1.197, 95% CI 1.146–
1.250, P < .001; Supplementary Figure 1).

The hazard of 90-day waitlist mortality in the MELD-Na
period significantly decreased in patients with normal
serum sodium concentration (HR 0.825, 95% CI 0.738–
0.922, P < .001) and in those with mild (HR 0.656, 95% CI
0.558–0.765, P < .001), moderate (HR 0.640, 95% CI 0.513–
0.800, P < .001), or severe (HR 0.526, 95% CI 0.368–0.752,
P < .001) hyponatremia.
We performed propensity score matching for waitlisted
patients between the MELD and MELD-Na period groups to
validate the findings in the waitlist outcome analysis. After
propensity score matching, 14,244 waitlisted patients were
selected from each group. Compared with the MELD period
group, the MELD-Na period group had significantly better
90-day waitlist outcomes with less mortality (8.1% vs
10.5%; P < .001) and greater transplantation probability
(34.8% vs 30.0%; P < .001; Figure 3A). When including
propensity score in a risk adjustment model, the hazards of
90-day waitlist mortality and transplantation probability
were 0.750 (95% CI 0.692–0.813, P < .001) and 1.186 (95%
CI 0.692–0.813, P < .001), respectively. The model achieved
a standardized difference less than 0.10 (10%) after
matching for all covariates (Figure 3B).

Association Between Serum Sodium
Concentration and Waitlist Mortality

In the MELD period, the hazards of 90-day waitlist
mortality in patients with mild, moderate, and severe
hyponatremia were 1.354, 1.762, and 2.656 times those
with normal sodium levels (HR 1.354, 95% CI 1.204–1.522,
P < .001; HR 1.762, 95% CI 1.504–2.064, P < .001; HR
2.656, 95% CI 2.217–3.318, P < .001, respectively;
Figures 4A–C). This adverse impact decreased significantly
in the MELD-Na period (HR 1.092, 95% CI 0.934–1.276, P ¼
.27; HR 1.271, 95% CI 1.042–1.550, P ¼ .018; HR 1.374,
95% CI 1.019–1.854, P ¼ .037, in those with mild, moderate,
and severe hyponatremia, respectively; Figure 4D–F). The
risk of waitlist mortality associated with hyponatremia was
more prominent in patients in the low to middle score
categories (score 6–26) in the MELD period; however, this
was no longer observed in the MELD-Na period.

Waitlist and Post-transplantation Outcomes
According to HCV Infection Status

In the non-HCV group, significant improvement of
waitlist outcomes was observed in the MELD-Na period. The
hazard of 90-day waitlist mortality was 28.2% lower in the
MELD-Na period (HR 0.718, 95% CI 0.658–0.784, P < .001),
and the likelihood of transplantation increased by 20.8%
(HR 1.208, 95% CI 1.144–1.277, P < .001). In the HCV
group, the risk of 90-day waitlist mortality was comparable
between the 2 groups (HR 0.854, 95% CI 0.697–1.048, P ¼
.13), but the 90-day transplantation probability increased by
26.3% in the MELD-Na period (HR 1.263, 95% CI 1.118–
1.428, P < .001). When comparing the MELD and MELD-Na
periods, there was no difference in 1-year graft loss for the
non-HCV group (HR 1.092, 95% CI 0.947–1.259, P ¼ .224)
and HCV group (HR 1.018, 95% CI 0.742–1.395, P ¼ .913).

Patient characteristics between the HCV and non-HCV
groups were compared. In the MELD period, the score dis-
tributions at registration in the lower (6–15), middle (16–
34), and higher (�35) score categories were 33.0%, 56.9%,
and 10.1% in the HCV group and 28.8%, 59.6%, and 11.6%
in the non-HCV group, respectively. In the MELD-Na period,
the distributions of these 3 categories were 29.3%, 62.2%,
and 8.5% in the HCV group and 23.0%, 65.4%, and 11.6% in



Table 1.Patient Characteristics in MELD and MELD-Na Periodsa

Waitlist patient characteristics MELD period (n ¼ 18,850) MELD-Na period (n ¼ 14,512) P value

Age at listing (y) 56.0 [49–62] 56.0 [48–62] .863
Men 11,390 (60.4) 8651 (59.6) .134
Race

White 13,520 (71.1) 10,488 (72.3)
Black 1661 (8.8) 1054 (7.3)
Hispanic 2806 (14.9) 2280 (15.7) <.001
Asian 585 (3.1) 453 (3.1)
Other 278 (1.5) 237 (1.6)

Primary liver disease
HCV 4159 (22.1) 1848 (12.7)
Nonalcoholic steatohepatitis 3225 (17.1) 3041 (21.0) <.001
Alcohol 5721 (30.4) 5072 (35.0)
Other 5745 (30.4) 4551 (31.4)

Actual score at listingb 18 [14–26] 20 [15–28] <.001
Sodium at listing (mmol/L) 136 [133–139] 137 [133–139] .213
Delta MELD 3.09 (SE 0.17) 3.3 (SE 0.19) .009
Karnofsky score < 30% at listing 2512 (13.6) 1790 (12.6) .007
Dialysis at listing 2037 (10.8) 1531 (10.5) .464
Life support at listing 819 (4.3) 540 (3.7) .006
Total time on waiting list (d) 93 [17–302] 62 [14–199] <.001
Follow-up time to 90 d (d) 90 [17–90] 62 [14–90] <.001
Waitlist status after 90 d

Transplant 4871 (25.8) 4666 (32.2)
Death or removal because too sick 1783 (9.5) 1051 (7.2) <.001
Censored or other removal reasons 12,196 (64.7) 8795 (60.6)

Transplant recipient characteristics MELD period (n ¼ 6547) MELD-Na period (n ¼ 5862) P value

Recipient age at transplantation (y) 56 [48.5–62] 56 [48–62] .703
Male recipient 4191 (64.0) 3733 (63.7) .708
Actual score at transplantationb 30 [23–37] 29 [22–35] <.001
MELD score at transplantation 30 [23–37] 26 [19–34.6] <.001
MELD-Na score at transplantation 31.5 [25–37.7] 29 [22–35] <.001
Sodium at transplantation (mmol/L) 136 [132–139] 135 [131–138] <.001
Waiting time to transplantation (d) 25 [7–94] 22 [7–70] <.001
Cold ischemia time (h) 6.0 [4.8–7.5] 5.7 [4.5–7.1] <.001
Karnofsky score < 30% at transplantation 2121 (35.7) 1596 (27.8) <.001
Pretransplantation dialysis 1760 (26.9) 1333 (22.7) <.001
Pretransplantation life support 993 (15.2) 648 (11.2) <.001
Donor age (y) 40 [27–53] 39 [27–53] .783
Donor body mass index 26.6 [23.4–31.0] 27.0 [23.5–31.5] .005
Donation after cardiac death 371 (5.7) 391 (6.7) .02
Donor location

Local 3812 (58.2) 3544 (60.5)
Regional 2480 (37.9) 2045 (34.9) .001
National 255 (3.9) 273 (4.7)

Distance to donor hospital (miles) 88 [13–227] 86 [12–213] .041
Length of hospital stay (d) 12 [8–20] 11 [7–18] <.001

aData were summarized using median [interquartile range] for continuous variables and number (percentage) for discrete
variables.
bMELD score in MELD period and MELD-Na score in MELD-Na period.
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the non-HCV group, respectively. The odds for patients with
HCV being listed in the lower score category compared with
those without HCV increased from 1.22 (95% CI 1.134–
1.314, P < .001) to 1.388 (95% CI 1.245–1.547, P < .001),
whereas the odds for being listed in the higher score cate-
gory decreased from 0.852 (95% CI 0.761–0.953, P ¼ .005)
to 0.709 (95% CI 0.597–0.843, P < .001).
Survival Benefit of LT in MELD and
MELD-Na Periods

The overall waitlist mortality rates were 169.2 and 170.7
deaths per 1000 patient-years in the MELD-Na and MELD
periods, respectively. The mortality rates in transplant re-
cipients with 1-year follow-up were 114.1 and 98.3 deaths
per 1000 patient-years in the MELD-Na and MELD periods,



Figure 1. (A) Score distribution at registration. (B) Score distribution at transplantation. (C) Comparisons of serum sodium
concentration at transplantation according to score category.

Figure 2. Comparison of waitlist and post-transplantation outcomes between the MELD and MELD-Na periods (reference,
MELD period; *P < .05). (A) HR for 90-day waitlist mortality in the MELD-Na period according to score categories. (B) HR for
90-day transplantation probability in the MELD-Na period according to score categories. (C) HR for 1-year liver graft loss in the
MELD-Na period according to score range categories.

1456 Nagai et al Gastroenterology Vol. 155, No. 5

CLINICAL
LIVER



Figure 3. Comparison of cumulative incidence of waitlist mortality and transplantation between propensity score matched
groups by period. (A) Cumulative incidence of waitlist mortality and transplantation. (B) Standardized difference before and
after matching. The model achieved a standardized difference less than 0.10 (10%) after matching for all covariates.
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respectively (Table 2). Figure 5 shows the potential “benefit
of transplantation” described byMerion et al9 by determining
an adjusted mortality risk after transplantation per 1000
patient-years vs waitlist mortality per 1000 patient-years. An
HR less than 1.0 favors transplantation. A transition point of
LT survival benefit shifted toward a higher score category in
the MELD-Na period. The adjusted survival benefit of trans-
plant recipients over waitlisted patients in the same score
categories was definitive in those with a MELD-Na score of at
least 24 in the MELD-Na period (score 24–26: HR 0.563, 95%
CI 0.345–0.918, P¼ .021) compared with a MELD score of at
least 18 in the MELD period (score 18–20: HR 0.484, 95% CI
0.285–0.823, P ¼ .007; Figure 5A).

When considering “removal because too sick for trans-
plantation” as waitlist mortality, transplantation became
more favorable but the same trend was observed in a com-
parison of survival benefit between periods. The rates for
waitlist mortality including “removal because too sick for
transplantation” were 307.0 and 318.2 per 1000 patients-
years in the MELD-Na and MELD periods, respectively
(Table 2). Survival benefit of LT was definitive in those with a
score category of 15–17 in the MELD period (HR 0.365, 95%
CI 0.219–0.609, P < .001), whereas this shifted toward the
higher score category of 21–23 in the MELD-Na period (HR
0.336, 95% CI 0.205–0.552, P < .001; Figure 5B).
Share 15 and Share 35 in MELD-Na Period
Hyponatremia drives MELD-Na scores, which might

benefit hyponatremic patients whose MELD score do not
meet the cutoff for liver regional share (15 or 35). Patients
who had an initial and final MELD score lower than 15 but a
MELD-Na score of at least 15 had a significantly greater
likelihood of transplantation within 90 days in the MELD-Na
period at 26.1% vs 12.7% in the MELD period (P < .001),
and they had significantly lower 90-day waitlist mortality in
the MELD-Na period at 1.9% vs 10.6% in the MELD period
(P < .001; Supplementary Figure 2a). The adjusted 90-day
transplantation probability was 125.0% higher (HR 2.250,
95% CI 1.512–3.348, P < .001), and the adjusted hazard of
90-day waitlist mortality was 70.9% lower (HR 0.291, 95%
CI 0.163–0.519, P < .001), in the MELD-Na period. Waiting
time to transplantation was significantly shorter in the
MELD-Na period (39 vs 73 days; P ¼ .002; Supplementary
Table 2).

In patients whose initial MELD score was lower than 35
but whose MELD-Na score was at least 35, the likelihood of
transplantation within 90 days was significantly higher in
the MELD-Na period at 80.5% vs 70.2% in the MELD period
(P ¼ .002; Supplementary Figure 2b). There was a
decreased 90-day waitlist mortality at 14.3% vs 23.9%,
respectively (P ¼ .023). The adjusted 90-day trans-
plantation probability was 67.3% higher in the MELD-Na
period (HR 1.673, 95% CI 1.293–2.165, P < .001), and the
adjusted hazard of 90-day waitlist mortality was 37.2%
lower in the MELD-Na period, but the difference did not
reach statistical significance (HR 0.628, 95% CI 0.382–
1.032, P ¼ .062). Waiting time to transplantation was
significantly shorter in the MELD-Na period (6 vs 9 days;
P ¼ .012; Supplementary Table 1).



Figure 4. Risk of hyponatremia for 90-day waitlist mortality in the MELD and MELD-Na periods (reference, normal sodium
concentration [135–145 mmol/L]; *P < .05). (A) HR of mild hyponatremia (130–134 mmol/L) in MELD period. (B) HR of moderate
hyponatremia (125–129 mmol/L) in MELD period. (C) HR of severe hyponatremia (<125 mmol/L) in MELD period. (D) HR of mild
hyponatremia (130–134 mmol/L) in MELD-Na period. (E) HR of moderate hyponatremia (125–129 mmol/L) in MELD-Na period.
(F) HR of severe hyponatremia (<125 mmol/L) in MELD-Na period.
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In patients with initial MELD and MELD-Na scores of at
least 35, the 90-day transplantation probability increased
from 74.7% in the MELD-Na period vs 71.4% in the MELD
period (P ¼ .019), and 90-day waitlist morality rate
decreased significantly to 22.2% vs 25.7% (P ¼ .006). The
adjusted 90-day transplantation probability was 11.9%
higher (HR 1.119, 95% CI 1.033–1.212, P ¼ .006), and the
adjusted hazard of 90-day waitlist mortality was 18.9%
lower (HR 0.811, 95% CI 0.700–0.939, P ¼ .005), in the
MELD-Na period (Supplementary Figure 2c).
Discussion
The MELD-Na score was expected to provide better

calibration and discrimination of waitlist mortality.6,13 This
study demonstrated that waitlist outcomes significantly
improved in the MELD-Na period compared with the MELD
period. We mainly investigated 90-day waitlist outcomes
because the MELD-Na score was originally proposed by Kim
et al6 using this end point. Of note, this differs from the
methodology by Merion et al9 in which survival benefit of
LT was evaluated using overall waitlist mortality and 1-year
post-transplantation survival. When overall waitlist out-
comes were assessed in our cohort, similar trends to the
results of the analysis for 90-day outcomes were observed
(Supplementary Figure 1). Although the number of trans-
plant recipients significantly increased in the MELD-Na
period, the number of newly listed patients also signifi-
cantly increased. The recent increase in the donor pool
could be associated with the opioid epidemic and the
increased liver graft availability might contribute to the
improved waitlist outcome.14,15 If the increased donor
availability in the MELD-Na was the only reason for the
findings in this study, then the positive impact should have
been equally observed across all score categories. However,
there was a discrepancy of impact and the positive impact
was more prominent in the lower score categories. In
addition, the risk of hyponatremia for waitlist mortality
clearly decreased in the MELD-Na period, which cannot be
explained by the increased number of liver grafts. These
results indicate that liver graft availability was not the main
reason for decreased waitlist mortality observed in this
study. The MELD-Na score provides 1 to 11 additional
points, and maximum additional points are given to patients
with low MELD score and severe hyponatremia.6 Our results
suggest that higher scores secondary to hyponatremia
probably led to better waitlist outcomes, especially in the
population who benefited from Share 15 (ie, patients with
MELD score < 15 but MELD-Na score � 15).

As expected, the MELD-Na based allocation helped alle-
viate the adverse prognostic impact of hyponatremia on
waitlist outcomes.16 Hyponatremia is a well-known factor
associated with mortality in patients with liver cirrhosis and
this was clearly observed in the MELD period.3,6 The risk of



Table 2.Unadjusted Waitlist and Transplantation Mortality Rates by Score Category in MELD and MELD-Na Periods

Waitlist outcome Waitlist outcome Post-transplantation outcome (1-y follow-up)

Death PY
Death per
1000 PY

Death þ
too sick PY

Death per
1000 PY Death PY

Death per
1000 PY

MELD
6–11 63 2808 22.4 144 2808 51.3 23 280 82.1
12–14 99 1904 52.0 167 1904 87.7 29 321 90.3
15–17 161 1684 95.6 262 1684 155.6 41 595 68.9
18–20 148 1116 132.6 235 1116 210.6 48 673 71.3
21–23 149 846 176.1 275 846 325.0 49 756 64.8
24–26 129 462 279.2 235 462 508.6 54 698 77.4
27–29 116 265 437.9 218 265 823.0 54 567 95.2
30–32 120 222 540.0 219 222 985.5 72 580 124.2
33–34 77 134 575.6 157 134 1173.6 36 359 100.4
35–37 109 188 581.2 247 188 1317.1 61 574 106.2
38–39 87 110 790.9 174 110 1518.8 54 330 163.7
�40 463 344 1347.5 875 344 2546.7 129 878 146.9
Total 1721 10,082 170.7 3208 10,082 318.2 650 6611 98.3

MELD-Na
6–11 21 1317 15.9 78 1317 59.2 13 130 100.1
12–14 19 735 25.8 39 735 53.0 6 93 64.4
15–17 44 875 50.3 76 875 86.9 17 216 78.9
18–20 59 667 88.4 93 667 139.4 30 293 102.5
21–23 58 557 104.1 105 557 188.5 46 366 125.7
24–26 73 352 207.6 136 352 386.9 42 369 113.9
27–29 80 210 380.4 142 210 675.2 46 362 127.0
30–32 85 154 553.2 136 154 885.1 28 357 78.4
33–34 59 71 832.4 106 71 1495.5 24 226 106.3
35–37 87 108 808.7 157 108 1459.4 39 354 110.0
38–39 53 46 1153.3 96 46 2089.0 33 174 190.1
�40 244 120 2038.5 436 120 3642.6 60 428 140.3
Total 882 5211 169.2 1600 5211 307.0 384 3367 114.1

PY, patient-years.
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mild hyponatremia disappeared in the MELD-Na period.
Moderate and severe hyponatremia remained significant
risk factors, but the hazards decreased by 27.9% (1.762 to
1.271) and 48.3% (2.656 to 1.374) in the MELD-Na period.
These findings support the rationale for the implementation
of MELD-Na score into liver allocation.

The availability of effective antiviral therapy for HCV in
recent years is a potential reason for the improved waitlist
outcomes observed in this study.17,18 However, the sub-
group analysis of HCV and non-HCV groups showed that the
improvement in waitlist outcomes was more obvious in the
non-HCV than in the HCV group. Although the 2 groups had
a higher likelihood of transplantation in the MELD-Na
period, only the non-HCV group had improved waitlist
mortality. Direct-acting antigen antivirals have been clini-
cally available since 2013, and the MELD-Na period began in
January 2016. The improved antiviral therapy might have
already helped stabilize patients with HCV and decreased
their mortality on the waitlist before MELD-Na imple-
mentation.19 Hence, the positive impact of new allocation on
the waitlist outcomes in the HCV population was not as
obvious as in the non-HCV population.

The impact of the MELD-Na score was less pronounced
in patients with higher scores. In part, this is because the
additional scores added for hyponatremia are smaller in
higher MELD score groups. Although patients whose MELD-
Na score was increased by hyponatremia to higher than 35
did benefit with the MELD-Na period, the benefit observed
was less obvious than in patients in lower score cate-
gories.20,21 These results suggest that the MELD-Na based
allocation potentially provided more benefits to patients in
the less medically urgent status categories. Sharma et al22

suggested that additional scores by serum sodium concen-
tration should be considered for candidates with a MELD
score of at least 12, and the MELD-Na score is currently
applied to patients whose MELD score is at least 12.11 The
MELD-Na score based allocation might create more
competition in the mid to high score categories. As such, the
benefit of MELD-Na based allocation might be diminished in
the higher score category. Because of the tighter competi-
tion within this patient group, new criteria to discriminate
medical urgency in the sicker patient population might need
to be established.23–25

The Share 15 policy mandates that if there is no local
candidate with a MELD score of at least 15, organs are
offered regionally or nationally before returning to local
candidates with a MELD lower than 15.2 In this study, we
found that in the MELD-Na period the survival benefit of LT
decreased in the lower score categories, and a transition
point justifying survival benefit shifted toward higher score



Figure 5. Comparison of mortality risk in MELD-Na vs MELD period. Mortality risk by MELD and MELD-Na scores for liver
transplant recipients was compared with that of patients on the LT waitlist. The columns showed HRs and P values by
classifying the patients based on their final scores. Columns highlighted in light blue, gray, and orange represent “not favoring
transplantation” (staying on the waitlist), “comparable,” and “favoring transplantation.” The transition point justifying survival
benefit of LT shifted toward a higher score category. (A) Waitlist death includes “mortality” only. (B) Waitlist death includes
“mortality” and “removal because too sick for transplantation.”
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categories. This transition might result from the combina-
tion of the improved waitlist outcomes and worsened post-
transplantation outcomes in the MELD-Na period (death per
1000 patient-years in Table 2). The improved waitlist
outcomes can be explained by the positive impact of the
MELD-Na based allocation, as discussed earlier. Reasons for
the slightly worsened post-transplantation outcomes in the
MELD-Na period remain unclear. However, we have
observed that the LT population has become older. Older
recipient age is a known poor prognostic factor in the liver
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transplant recipient and might be associated with the find-
ings observed in this study.26 As such, the current rules for
liver allocation might be suboptimal under the MELD-Na
based allocation and the criteria for Share 15 might need
to be revisited. Based on our findings, the cutoff score for
share might be raised to a score of approximately 21, as
“Share 21” (the hazard decreased to <1.0 in the score
category of 21–23; Figure 5A). Of note, our methodology in
the survival benefit analysis followed that of Merion et al9 in
which waitlist mortality was defined as death on the wait-
list. Aside from the survival benefit analysis, waitlist mor-
tality in this study was defined as death on the waitlist or
removal because the patient was “too sick for trans-
plantation.” In a subgroup analysis, the survival benefit was
recalibrated to consider removal for “too sick for trans-
plantation” as waitlist mortality. Similar trends were still
observed when the survival benefit of transplantation shif-
ted to high score ranges in the MELD-Na period (Figure 5b).
According to this analysis, the survival benefit of LT was
definitive in patients with score category of 21–23, which
could further validate our proposal to revise Share 15 rule
to “Share 21.”

The findings of our study might trigger further discus-
sions of liver graft prioritization. According to the Final Rule,
the priority rankings shall be ordered from most to least
medically urgent.27 LT in the United States is represented by
the OPTN and UNOS liver and intestinal board, which pri-
oritizes transplantation access to the sickest population. The
Share 35 rule was designed and implemented in 2013 to
fulfill this requirement by sharing liver grafts within a re-
gion specifically for patients with very high MELD or MELD-
Na scores (�35). Recently, the OPTN and UNOS liver and
intestine board approved of a new enhanced liver distri-
bution system. One criterion in the new liver allocation
policy is the following28:

Additional transplant priority (equivalent to 3 MELD or
PELD [Pediatric End-stage Liver Disease] points) will
be awarded to liver candidates with a MELD or PELD of
at least 15, and who are either within the same donor
service area as a liver donor or are within 150 nautical
miles of the donor hospital but in a different donor
service area.

The Share 15 rule, which was based on the study by
Merion et al,9 has not been reviewed for over a decade but is
still maintained in upcoming policy. Our study showed that
the MELD-Na based allocation provided significant benefit
to hyponatremic patients with a lower MELD score and that
survival benefit of LT in patients with MELD-Na score of 15–
20 became unclear and questionable in the MELD-Na
period. The Final Rule stated, “Allocation policies shall be
reviewed periodically and revised as appropriate.” We
propose a new “Share 21” by raising the cutoff score from
15 to 21 based on our findings. We believe this will even-
tually promote sicker patient access to transplantation by
allocating the liver efficiently.

The effect of theMELD-Na based allocation in patientswith
exception scores remains to be elucidated. In this study, pa-
tients with HCC were excluded because the policy on HCC
exception was changed during the study period. Patients with
exception scores for other reasons were censored at the time
of exception approval, whichmirrored themethodology in the
study by Merion et al.9 Of note, some exceptions were
approved at the discretion of the regional review board, but
not based on the OPTNandUNOSpolicy.29 Itwould be difficult
to assess an exact impact of the MELD-Na based allocation in
patients with exception scores, because of possible discrep-
ancies of exception practice among UNOS regions. Although
the HCC exception policy is nationally based, a decision on
approval for exception defers to the regional review board.
Although this would be challenging, future studies will be
necessary to review exception policies and their possible as-
sociations with the MELD and MELD-Na based allocation.

Limitations of this study include the use of the OPTN
STAR registry, which is retrospective in nature and lacks
detailed clinical information.30 The follow-up period in the
MELD-Na group might be insufficient to draw firm conclu-
sions regarding the impact of the new allocation system on
post-transplantation outcomes. To confirm the impact of
MELD-Na allocation on post-transplantation outcomes,
further investigations need to be conducted over longer
follow-up periods. In this study, to minimize a possible bias
owing to the discrepancy of follow-up time between these 2
periods, all patients were censored at the end of each
period, so that these 2 groups could be compared equally. In
addition, we set main end points as 90-day waitlist and 1-
year post-transplantation outcomes to decrease bias. We
acknowledge that including patients and values from new
registrations rather than using prevalent cohorts and lon-
gitudinal MELD and MELD-Na score entries might introduce
bias in the analysis of entire cohort.

In conclusion, the new liver allocation based on the
MELD-Na score successfully decreased waitlist mortality.
Hyponatremic patients with low MELD scores received
significant benefit from MELD-Na based allocation and the
Share 15 rule, whereas the positive impact was less pro-
nounced in patients with higher scores. The survival benefit
of LT has shifted toward a higher score category in the
MELD-Na period; therefore, liver allocation rules such as
Share 15 and Share 35 need to be revised to fulfill the Final
Rule under the MELD-Na based allocation.27
Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at https://doi.org/10.1053/
j.gastro.2018.07.025.
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Supplementary Figure 1. Comparison of waitlist and post-transplantation outcomes between MELD and MELD-Na periods
(reference, MELD period; *P < .05). (a) HR for overall waitlist mortality in MELD-Na period according to score categories. (b) HR
for overall transplantation probability in MELD-Na period according to score categories.

Supplementary Figure 2. Comparison of cumulative incidence of transplantation andwaitlist mortality. (a) Patients whose initial
and final MELD score was lower than 15 but whose MELD-Na score was at least 15. (b) Patients whose initial MELD score was
lower than 35 but whose MELD-Na score was at least 35. (c) Patients with initial MELD and MELD-Na scores of at least 35.
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Supplementary Table 1.Summary of Study Design and Methodologies

End points Events Statistical methods Patient cohort

Waitlist outcome analysis 90-d mortality and transplantation
probability

Transplantation Fine-Gray regression multivariable
model

All patients on waitlist who met
inclusion criteria (waitlisted
patients)

Overall mortality and transplantation
probability

Waitlist mortality Figures 2 and 4: 90-d outcomes

Death þ removal because too sick for
transplantation

Supplementary Figure 1: overall
outcomes

Waitlist removal for other reason(s)
Validation analysis by propensity

score matching model: Gray test
and Fine-Gray regression model
(Figure 3)

Propensity score matched waitlisted
patient groups

Post-transplantation
outcome analysis

1-y liver graft survival Post-transplant liver graft loss Cox regression multivariable model
(Figure 2)

All transplanted patients

1-y patient survival Post-transplantation patient death
Survival benefit analysis Overall waitlist mortality Waitlist mortality Comparison of “death per 1000

patient-years” between waitlist
and transplantation groups

Waitlisted patients and transplant
recipients

1-y post-transplantation mortality Death only Figure 5a: waitlist mortality defined as
death onlya

Death þ removal because too sick for
transplantation

Figure 5b: waitlist mortality defined
as death þ removal because too
sick for transplantation

Post-transplantation death

aMirrors methodology in the study by Merion et al.9
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Supplementary Table 2.Comparison of Waitlist Patient Characteristics Between Periods, Within Subcategories Defined by Each Patient’s Calculated MELD and
MELD-Na Scoresa

MELD < 15 þ MELD-Na � 15 MELD < 35 þ MELD-Na � 35 MELD þ MELD-Na � 35

MELD period
(n ¼ 181)

MELD-Na period
(n ¼ 714) P value

MELD period
(n ¼ 137)

MELD-Na period
(n ¼ 281) P value

MELD period
(n ¼ 2,122)

MELD-Na period
(n ¼ 1,342) P value

Age at listing (y) 58 [52–63] 58 [50–63] .552 55 [48–61] 53 [44–60] .033 54 [45–60] 53 [45–60] .268
Men 128 (70.7) 488 (62.7) .046 89 (65.0) 179 (63.7) .829 1298 (61.2) 816 (60.8) .83
Race

White 142 (78.5) 556 (77.9) 108 (78.8) 200 (71.2) 1342 (63.2) 863 (64.3)
Black 4 (2.2) 27 (3.8) 10 (7.3) 20 (7.1) 2828 (13.3) 130 (9.7)
Hispanic 29 (16.0) 107 (15.0) .889 13 (9.5) 50 (17.8) .286 380 (17.9) 268 (20.0) .012
Asian 4 (2.2) 17 (2.4) 4 (2.9) 7 (2.5) 87 (4.1) 53 (3.9)
Others 2 (1.1) 7 (1.0) 2 (1.5) 4 (1.4) 31 (1.5) 28 (2.1)

Primary diagnosis
HCV 39 (21.5) 92 (12.9) <.001 32 (23.4) 35 (12.5) .031 418 (19.7) 122 (9.1) <.001
Nonalcoholic steatohepatitis 40 (22.1) 176 (24.6) 14 (10.2) 40 (14.2) 244 (11.5) 190 (14.2)
Alcohol 62 (34.3) 266 (37.3) 59 (43.1) 142 (50.5) 818 (38.5) 636 (47.4)
Other 40 (22.1) 180 (25.2) 32 (23.4) 64 (22.8) 642 (30.3) 394 (29.4)

Body mass index 27.9 [24.8–31.4] 27.4 [24.4–31.0] .667 28.6 [24.3–32.8] 28.2 [24.1–32.5] .783 29.0 [24.7–33.9] 29.0 [25.0–34.3] .522
Actual score at listingb 13 [13–14] 17 [16–18] <.001 34 [33–34] 35 [35–36] <.001 39 [37–42] 39 [37–42] .014
MELD score at listing 13 [13–14] 13 [12–14] .009 34 [33–34] 34.1 [33.3–34.5] <.001 39 [37–42] 39 [37–42.7] .28
MELD-Na score at listing 17 [16–19] 17 [16–18] .07 35.4 [35.1–35.6] 35 [35–36] <.001 39.2 [37.2–42] 39 [37–42] .338
Sodium at listing (mmol/L) 135 [131–136] 134 [132–136] .912 128 [124–131] 130 [127–135] <.001 136 [133–139] 137 [133–140] .021
Karnofsky score < 30% at listing 3 (1.7) 5 (0.7) .214 46 (34.1) 111 (40.2) .237 1283 (61.6) 826 (62.6) .562
Dialysis at listing 0 (0) 0 (0) — 24 (17.5) 56 (19.9) .598 984 (46.4) 654 (48.7) .184
Life support at listing 0 (0) 1 (0.1) >.9 9 (6.6) 18 (6.5) >.9 483 (22.8) 300 (22.5) .9
Waitlist status after 90 d

Transplantation 14 (7.7) 162 (22.7) 92 (67.2) 221 (78.6) 1482 (69.8) 963 (71.8)
Death or removal because too sick 17 (9.4) 12 (1.7) <.001 31 (22.6) 39 (13.9) .034 524 (24.7) 279 (20.8) .003
Censored or other 150 (82.9) 540 (75.6) 14 (10.2) 21 (7.5) 116 (5.5) 101 (7.5)

Total time on waiting list (d) 91 [30–283] 94 [29–229] .372 9 [4–21] 7 [3–15] .003 5 [3–11] 5 [3–11] .075
Follow-up time to 90 d (d) 90 [30–90] 90 [29–90] .799 9 [4–21] 7 [3–15] .003 5 [3–11] 5 [3–11] .075
Waiting time to transplantation (d)c 73 [49–125] 39 [17–84] .002 9 [4–15] 6 [3–11] .012 5 [3–8] 4 [2–8] .007

aData were summarized using median [interquartile range] for continuous variables and number (percentage) for discrete variables.
bMELD score in MELD period and MELD-Na score in MELD-Na period.
cIn patients who received deceased donor liver transplant (excluding patients with an exception score).
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