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Abstract
Background  Organ Procurement and Transplantation Network and United Network for Organ Sharing (OPTN/UNOS) 
implemented the Share 35 policy in June 2013 to prioritize the sickest patients awaiting liver transplantation (LT). How-
ever, Model for End-Stage Liver Disease (MELD) score does not incorporate hepatic encephalopathy (HE), an independent 
predictor of waitlist mortality.
Aim  To evaluate the impact of severe HE (grade 3–4) on waitlist outcomes in MELD ≥ 30 patients.
Methods  Using the OPTN/UNOS database, we evaluated LT waitlist registrants from 2005–2014. Demographics, comor-
bidities, and waitlist survival were compared between four cohorts: MELD 30–34 with severe HE, MELD 30–34 without 
severe HE, MELD ≥ 35 with severe HE, and MELD ≥ 35 without severe HE.
Results  Among 10,003 waitlist registrants studied, 41.6% had MELD score 30–34 and 58.4% had MELD ≥ 35. Patients with 
severe HE had a higher 90-day waitlist mortality in both MELD 30–34 (severe HE 71.1% vs. no HE 56.6%; p < 0.001) and 
MELD ≥ 35 subgroups (severe HE 85% versus no HE 74.2%; p < 0.001). MELD 30–34 patients with severe HE had similar 
90-day waitlist mortality as MELD ≥ 35 patients without severe HE (71.1 vs. 74.2%, respectively; p = 0.35). On multivari-
ate Cox proportional hazards modeling, MELD ≥ 30 patients had 58% greater risk of 90-day waitlist mortality than those 
without severe HE (HR 1.58, 95% CI 1.53–1.62; p < 0.001).
Conclusion  Patients awaiting LT with MELD score of 30–34 and severe HE should receive priority status for organ alloca-
tion with exception MELD ≥ 35.
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CTP	� Child–Turcotte–Pugh
DSA	� Donor Service Area
HE	� Hepatic encephalopathy
HCV	� Hepatitis C virus
LT	� Liver transplantation
MELD	� Model for End-Stage Liver Disease
NASH	� Nonalcoholic steatohepatitis
OPTN	� Organ Procurement and Network
UNOS	� United Network for Organ Sharing

Introduction

Due to the geographic disparities in the liver donor organ 
supply, the Organ Procurement and Transplantation Network 
and United Network for Organ Sharing (OPTN/UNOS) iden-
tified medical urgency as the governing principle in defining 
liver donor allocation within the USA. In 2002, the OPTN/
UNOS adopted the Model for End-Stage Liver Disease 
(MELD) scoring system, a validated objective predictor 
for short-term mortality in patients on liver transplant (LT) 
waitlist. Since the implementation of MELD scoring system, 
the geographic disparities became increasingly evident as 
the MELD score at transplant was widely variable between 
Donor Service Areas (DSAs), suggesting that the sickest 
patients are not served in an equitable fashion [1, 2]. Over 
the past decade, several modifications to the MELD-based 
allocation policy have been adopted in an effort to provide 
egalitarian access to LT and to reduce the growing geo-
graphic disparity within the OPTN/UNOS regions. In 2013, 
the Share 35 policy was implemented to prioritize sicker 
regional patients with a MELD score 35 and above over local 
patients with a MELD score under 35. The early benefits of 
the Share 35 were immediately evident; there was a 30.3% 
increase in the proportion of LT for MELD ≥ 35 patients 
and 60.8% increase in the proportion of regional sharing 
with no overall negative impact on the waitlist survival [3]. 
Additionally, despite the increase in donor organ travel dis-
tance and cold ischemia time (CIT), the liver discard rate 
remained stable. Edwards et al. [4] evaluated the impact of 
Share 35 policy 2 years after its implementation and noted 
that the proportion of LT for MELD ≥ 35 increased from 
18.5 to 26.5%, 90-day probability of LT increased from 59 to 
66%, and more importantly the waitlist mortality decreased 
from 32 to 25%.

Although the MELD-based liver allocation is successful 
in many ways, it underestimates the severity of liver disease 
and the risk of death in subpopulations of patients with spe-
cific complications of end-stage liver disease. For example, 
hepatic encephalopathy (HE), a marker of hepatic decom-
pensation and an independent predictor of mortality, is not 
represented in the MELD score. On contrary, Child–Tur-
cotte–Pugh (CTP) score incorporates HE and therefore 

more accurately reflects the severity of liver disease in these 
patients. Several studies have demonstrated that HE nega-
tively impacts the survival in patients with cirrhosis [5–8]. 
Furthermore, with the increasing severity of HE reflected by 
higher grades (West Haven grade 3–4), the risk of mortality 
increases exponentially. A retrospective study by Stewart 
et al. [9] showed that grade 3 or higher HE was associated 
with 3.7-fold (95% CI 1.9–7.3; p < 0.01) increase in the risk 
of death in patients with cirrhosis undergoing transjugular 
intrahepatic portosystemic shunt (TIPS), and in hospital-
ized patients with grade 2–4 HE the risk was 3.9-fold (95% 
CI 2.6–5.7; p < 0.01) higher. Wong et al. [10] demonstrated 
that HE was associated with worsening short-term waitlist 
survival in patients awaiting LT. While the access to donor 
organs improved in sicker patients with MELD ≥ 35 follow-
ing the implementation of Share 35 policy, waitlist outcomes 
in patients with MELD < 35 and severe HE remain unknown. 
In this study, we evaluated the impact of severe HE on 
waitlist outcomes in patients with a MELD score 30–34 in 
comparison with MELD ≥ 35. Additionally, we evaluated 
waitlist outcomes in these patients with and without severe 
HE before and after implementation of the Share 35 policy.

Methods

Data Source

Our study utilized data from the OPTN/UNOS database. 
The OPTN/UNOS registry includes national data on all liver 
transplant waitlist registrants and recipients in the USA.

Study Population

We performed a retrospective cohort study comparing adult 
(18 years of age or older) liver transplant waitlist regis-
trants with a laboratory MELD score at listing of 30 and 
above (MELD ≥ 30) from January 1, 2005 to December 
31, 2014. The study population with a MELD ≥ 30 was 
selected because these patients demonstrated a relatively 
higher waitlist mortality risk. Our primary objective was 
to evaluate the impact of severe (grade 3–4) HE on waitlist 
outcomes including (1) death and (2) LT among registrants 
with an MELD score ≥ 30 at waitlist registration. Waitlist 
registrants were categorized as MELD score 30–34 and 
MELD ≥ 35 and further sub-categorized into four cohorts: 
(1) initial listing MELD score 30–34 with severe HE, (2) 
initial listing MELD score 30–34 without HE, (3) initial list-
ing MELD score ≥ 35 with severe HE, and (4) initial listing 
MELD score ≥ 35 without HE. Waitlist registrants who were 
listed emergently as Status 1, with hepatocellular carcinoma, 
received MELD exception points, or who were listed for 
liver re-transplantation were excluded from the analysis. The 
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etiology of chronic liver disease leading to waitlist registra-
tion and LT was determined based on primary diagnosis 
code in the OPTN/UNOS registry. Clinical and demographic 
data collected at the time of waitlist registration were as fol-
lows: mean age ± standard deviation (SD), gender, ethnicity, 
etiology of liver disease including alcoholic liver disease 
(ALD), chronic hepatitis C virus (HCV) infection, and non-
alcoholic steatohepatitis (NASH), diabetes mellitus, ascites, 
spontaneous bacterial peritonitis (SBP), and OPTN/UNOS 
region of listing. Patients with missing data on waitlist out-
comes were excluded from our analysis.

Statistical Analysis

Clinical and demographic characteristics of the study 
cohort were presented as frequencies and proportions for 
categorical variables and mean ± SD for continuous vari-
ables. Comparisons between groups utilized Chi-square test 
for categorical variables and Student’s t test for continuous 
variables. To reduce the bias created by geographic OPTN/
UNOS regional variation in waitlist time to transplant, rates 
for waitlist removal reason (death or LT) were assessed at 
90-day follow-up from initial listing date. Ninety-day wait-
list removal due to death was censored for LT. Ninety-day 
overall mortality was uncensored for LT and post-transplant 
survival. Using Cox hazards regression analyses, 90-day rate 
for waitlist mortality was determined within our cohorts 
and was adjusted for age, gender, ethnicity, etiology of liver 
disease, ascites, SBP, and OPTN/UNOS region of listing. 
In our sub-analysis, we assessed waitlist outcomes among 
our cohorts, 18 months prior to the implementation of the 
Share 35 policy (June 18, 2013), denoted ‘pre-Share 35 era’ 
(December 17, 2011–June 17, 2013), to an equivalent time 
period after, denoted ‘Share 35 era’ (June 19, 2013–Decem-
ber 19, 2014). To evaluate the impact of Share 35 policy 
on waitlist outcomes within our 4 cohorts, 90-day overall 
mortality (uncensored for LT) from waitlist registration date 
was analyzed among initial waitlist registrants. Initial regis-
trants with 90-day follow-up that overlapped into Share 35 
era were censored from waitlist. In addition, a cumulative 
waitlist mortality incidence curve with LT as the competing 
risk was constructed using a Cox regression model [11]. All 
statistical analyses were performed using the SAS statistical 
package (version 9.4, Cary, NC). Statistical significance was 
met with a p value < 0.05.

Results

Demographics and Clinical Characteristics

During the study period, there were 10,003 patients 
listed nationally for LT who met the inclusion criteria 

(MELD ≥ 30). Among those, 41.6% (n = 4166) had an ini-
tial listing MELD score 30–34 and 58.4% (n = 5837) had an 
initial listing MELD score ≥ 35. Out of 4166 patients with 
MELD score 30–34, 13.7% (n = 571) patients were noted to 
have grade 3–4 HE (severe HE) at registration. In contrast, 
nearly one-fifth of patients with MELD ≥ 35 were noted to 
have severe HE at registration (n = 1049, 17.9%). Baseline 
clinical demographics and characteristics of patients with 
severe HE who presented with an initial MELD 30–34 ver-
sus MELD ≥ 35 are summarized in Table 1. Within the four 
cohorts, there was a higher prevalence of male gender and 
Caucasian ethnicity/race with ALD as the leading etiology 
of liver disease. Comorbidities including diabetes, ascites, 
and SBP were evenly distributed across all cohorts. In addi-
tion, nearly one-fifth of patients in all four cohorts resided 
in UNOS region 5 at the time of listing.

Waitlist Outcomes

Patients with a MELD score ≥ 35 had a higher 90-day wait-
list mortality rate than those with a MELD score of 30–34 
(MELD 30–34, 65.5% vs. MELD ≥ 35, 82.8%; p < 0.001). 
Patients with severe HE had a significantly higher 90-day 
waitlist mortality compared to patients without severe 
HE among those with MELD scores of 30–34 (severe HE 
71.1% vs. no HE 56.6%; p < 0.001) and MELD scores ≥ 35 
(severe HE 85% vs. no HE 74.2%; p < 0.001) as tabulated 
in Table 2. Similar trends were noted in 30-, 60-day, and 
1-year waitlist mortality (Fig. 1). Median waitlist time to 
death was shorter among patients with severe HE in both 
MELD score of 30–34 and MELD score ≥ 35 sub-cohorts 
compared to patients without HE (Table 2). Compared to 
patients with a MELD score ≥ 35 without HE, patients with 
MELD scores of 30–34 with severe HE had comparable 
90-day waitlist mortality (MELD 30–34 with severe HE 
71.1% vs. MELD ≥ 35 without HE 74.2%; p = 0.35). This 
is further clarified in the Kaplan–Meier survival analysis 
curve (Fig. 1) comparing MELD score 30–34 with severe 
HE subgroup versus MELD score ≥ 35 without severe HE 
subgroup (p = 0.12). On multivariate Cox proportional haz-
ards modeling of 90-day waitlist mortality among patients 
with a MELD score ≥ 30, the presence of severe HE was 
the highest independent predictor of waitlist mortality 
(HR 1.58, 95% CI 1.53–1.62; p < 0.001) (Supplementary 
Table 1). Compared to patients with a MELD score of 30–34 
with severe HE (reference), patients with a MELD score of 
30–34 without HE had a significantly lower risk of death 
(HR 0.63, 95% CI 0.47–0.79; p < 0.001), while patients 
with a MELD score ≥ 35 with severe HE had the higher 
risk of death (HR 1.81, 95% CI 1.69–1.91; p < 0.001) as 
outlined in Table 3. However, when compared to patients 
with a MELD score ≥ 35 without severe HE, no significant 
difference in waitlist mortality was noted (HR 1.15, 95% CI 
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Table 1   Demographic and clinical characteristics of MELD ≥ 30 patients

Comparison between liver transplant candidates with initial listing MELD score 30-34 and MELD score > 35 at waitlist registration categorized 
by presence of severe hepatic encephalopathy, UNOS 2005–2014
ALD alcoholic liver disease, HE hepatic encephalopathy, HCV Hepatitis C virus, MELD Model for End-Stage Liver Disease, NASH non-alco-
holic steatohepatitis, SBP spontaneous bacterial peritonitis, UNOS United Network for Organ Sharing

MELD 30–34 MELD ≥ 35 p value

Severe HE (n = 571) Non-HE (n = 3595) Severe HE (n = 1049) Non-HE (n = 4788)

Age, mean (SD) 52.3 (10.7) 52.4 (10.7) 50.4 (11.3) 51.5 (11.0) < 0.0001
Gender, no. (%)
 Male 328 (57.4%) 2191 (60.9%) 653 (62.2%) 2961 (61.8%) 0.19

Race/ethnicity, no. (%)
 Non-Hispanic white 389 (68.3%) 2463 (68.5%) 718 (68.4%) 3041 (63.5%) < 0.0001
 Black 73 (12.7%) 396 (11.0%) 119 (11.3%) 638 (13.3%) 0.01
 Hispanic 82 (14.3%) 565 (15.7%) 155 (14.8%) 813 (16.9%) 0.12
 Other 27 (4.7%) 171 (4.8%) 57 (5.5%) 296 (6.3%) 0.03

Diagnosis, no. (%)
 ALD 150 (26.2%) 904 (25.1%) 253 (24.1%) 1086 (22.6%) 0.032
 HCV 131 (22.9%) 733 (20.3%) 218 (20.7%) 1074 (22.4%) 0.10
 NASH 44 (7.70%) 424 (11.7%) 80 (7.6%) 396 (8.2%) < 0.0001
 Other 246 (43.0%) 1534 (42.6%) 498 (47.4%) 2232 (46.6%) 0.0009

Comorbidities, no. (%)
 Diabetes mellitus 119 (20.8%) 766 (21.3%) 194 (18.5%) 1072 (22.4%) 0.44
 Ascites 519 (90.9%) 3230 (89.8%) 944 (90%) 4268 (89.1%) 0.47
 SBP 68 (11.9%) 446 (12.4%) 128 (12.2%) 615 (12.8%) 0.41

UNOS region, no. (%) < 0.0001
 1 19 (3.3%) 144 (4.0%) 38 (3.6%) 219 (4.5%)
 2 70 (12.2%) 471 (13.1%) 118 (11.2%) 613 (12.8%)
 3 87 (15.2%) 486 (13.5%) 152 (14.5%) 476 (9.9%)
 4 68 (11.9%) 384 (10.6%) 99 (9.4%) 504 (10.5%)
 5 97 (17%) 689 (19.1%) 233 (22.2%) 1068 (22.3%)
 6 16 (2.8%) 79 (2.2%) 30 (2.8%) 121 (2.5%)
 7 75 (13.1%) 372 (10.3%) 147 (14.0%) 588 (12.2%)
 8 26 (4.55%) 206 (5.7%) 39 (3.7%) 234 (4.9%)
 9 39 (6.8%) 264 (7.3%) 77 (7.3%) 403 (8.4%)
 10 32 (5.6%) 223 (6.2%) 65 (6.2%) 284 (5.9%)
 11 42 (7.36%) 277 (7.7%) 51 (4.8%) 278 (5.8%)

Table 2   Waitlist mortality and probability of liver transplantation between MELD groups with or without severe HE

Liver transplant waitlist registrants with initial listing MELD 30–34 and MELD ≥ 35 categorized by presence of severe hepatic encephalopathy, 
UNOS 2005–2014
HE hepatic encephalopathy, IQR interquartile range, LT liver transplantation, UNOS, United Network for Organ Sharing

MELD 30–34 + severe HE MELD 30–34 − HE MELD ≥ 35 + severe HE MELD ≥ 35 − HE p value

Mean 90-day waitlist mortality (95% 
CI)

71.1% (65.8–76.3) 56.6% (51.0–62.2) 85.0% (82.6–87.4) 74.2% (69.4–79.0) < 0.001

Median time (days) to waitlist death 
(IQR)

11.0 (4.0–26.0) 19.5 (8.0–49.0) 6 (3.0–13.0) 10 (5.0–21.0) < 0.001

Mean 90-day LT (SD) 59.0 (4.9) 64.6 (4.8) 49.5 (5.0) 62.2 (48.4) < 0.001
Median time (days) to LT (IQR) 8 (3.0–17.5) 9 (4.0–21.0) 5 (2.0–9.0) 6 (3.0–11.0) < 0.001



1651Digestive Diseases and Sciences (2018) 63:1647–1653	

1 3

0.99–1.31; p = 0.37). Demographic and clinical characteris-
tics of patients classified into cohorts based on MELD scores 
30–34 and > 35 are included in Supplementary Table 2.

Effects of Share 35

After the implementation of Share 35 (Share 35 era) policy, 
patients with a MELD score 30–34 with or without HE did 
not experience a significant change in 90-day probability 
of undergoing LT. However, compared to pre-Share 35 era, 
patients with a MELD score ≥ 35 had increased 90-day prob-
ability of undergoing LT in Share 35 era, in both severe HE 
(pre-Share 35 era 47.6% vs. Share 35 era 56.3%; p = 0.04) 
and non-severe HE (pre-Share 35 era 59.6% vs. Share 35 

era 69.6%; p < 0.001) groups. In terms of waitlist mortal-
ity, MELD 30–34 patients with or without severe HE did 
not experience change in 90-day overall mortality in Share 
35 era (pre-Share 35 era 18.4% vs. Share 35 era 19.4%; 
p = 0.22). Patients with a MELD score ≥ 35 and severe HE 
had statistically insignificant change in 90-day mortality dur-
ing the Share 35 era (pre-Share 35 era 37.5% vs. Share 35 
era 44.8%; p = 0.09), whereas MELD ≥ 35 patients without 
severe HE had improved 90-day overall mortality (pre-Share 
35 era 21.3% vs. Share 35 era 30.5%; p < 0.001) (Table 4).

Discussion

The principle objective of the regional Share 35 policy 
is to reduce waitlist mortality in sicker regional patients 
(MELD ≥ 35) by increasing their likelihood of receiving 
a donor liver and without negatively impacting the overall 
waitlist mortality in all registrants awaiting LT. Results from 
the studies that have evaluated 1- and 2-year post-Share 35 
policy outcomes demonstrated an increase in regional shar-
ing and improved probability of LT in patients with a MELD 
score ≥ 35 with the corresponding reduction in overall wait-
list mortality [3, 4]. While the proportion of liver transplant 
recipients with an allocation MELD score ≥ 35 has increased 
from 22.3 to 30.5% in the Share 35 era, the probability of 
LT decreased for patients with a MELD score of 30–34 [3]. 
Although the overall waitlist mortality did not change for 
MELD 30–34 cohort, survival of patients with severe HE 
within this cohort is unknown. In the current study, we eval-
uated the impact of severe HE on 90-day waitlist mortality in 
all patients with a MELD score ≥ 30 and their sub-cohorts, 
MELD 30–34 with severe HE and MELD ≥ 35 with severe 

Fig. 1   Kaplan–Meier survival analysis comparing liver transplant waitlist registrants with initial listing MELD 30–34 and severe hepatic enceph-
alopathy versus initial listing MELD 35–40 without severe hepatic encephalopathy. MELD Model for End-Stage Liver Disease

Table 3   Cox regression analyses of 90-day risk for waitlist mortality 
by cohort

Multivariate regression analysis is adjusted for age, gender, ethnicity, 
etiology of liver disease, diabetes mellitus, ascites, spontaneous bac-
terial peritonitis, and UNOS region of listing
Liver transplant waitlist registrants categorized by initial listing 
MELD scores of 30–34 and 35–40 with or without severe HE, UNOS 
2005–2014
CI confidence interval, HE hepatic encephalopathy, HR hazard ratio, 
MELD Model for End-Stage Liver Disease, UNOS United Network 
for Organ Sharing

90-Day risk for waitlist mortality

HR 95% CI p value

MELD 30–34 + severe HE Reference
MELD 30–34-HE 0.63 0.47–0.79 < 0.001
MELD > 35 + severe HE 1.81 1.69–1.91 < 0.001
MELD > 35-HE 1.15 0.99–1.31 0.37
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HE. We noted that patients with a MELD score of 30–34 
and severe HE demonstrated a similar 90-day waitlist mor-
tality as those with a MELD score ≥ 35 without severe HE. 
Severe HE is associated with 58% increased risk of death in 
patients with a MELD ≥ 30 and was noted to be the strongest 
independent predictor of waitlist mortality in these patients. 
Despite the comparable risk of waitlist mortality to patients 
with a MELD ≥ 35 and without severe HE, patients with 
MELD 30–34 and severe HE remain at a disadvantage to 
receive a donor offer for LT under Share 35 policy—a weak-
ness of MELD-based score to recognize severe HE as a pre-
dictor of waitlist mortality. Accurate prioritization for LT is 
crucial to reduce the waitlist mortality in patients with end-
stage liver disease. Current MELD-based allocation system 
does not incorporate the presence of HE, a marker of hepatic 
decompensation which has shown to independently impact 
waitlist mortality irrespective of MELD score. Several stud-
ies have shown that severity of underlying liver disease and 
related mortality are underestimated by excluding HE from 
the LT allocation criteria [8, 9, 12–14]. In a large multicenter 
center study, any grade of HE, especially higher grades, dur-
ing the hospitalization was independently associated with 
increased risk of in-hospital and 30-day mortality regardless 
of multi-organ failure [15]. Wong et al. [10] utilizing UNOS 
registry demonstrated that severe HE at the time of registra-
tion was associated with 66% increase in 90-day waitlist 
mortality. In another study, patients with severe HE prior to 
LT were noted to have poor post-transplant outcomes includ-
ing increased rates of infections [16]. HE is an important 
landmark in the natural history of cirrhosis-related hepatic 
decompensation, and its presence influences the patient 
survival independent of MELD score [9]. The results of 
our study show that both MELD 30–34 and MELD ≥ 35 
patients with severe HE are predictors of 30-, 60-day, and 
1-year waitlist mortality compared to patients without HE. 
During Share 35 era, patients with MELD ≥ 35 demon-
strated an increased probability of undergoing LT, whereas 
patients with MELD 30–34 with or without severe HE expe-
rienced no change in the likelihood of undergoing LT. The 
MELD scoring system utilizes objective clinical data and is 

calculated by using verifiable laboratory results, and there-
fore inclusion of any subjective parameter such as HE is less 
desirable. In addition to the risk of subjective bias, unpre-
dictable disease course with waxing and waning symptoms, 
effects of medications like sedatives and anxiolytics, dif-
ficulty in differentiating from other causes of mental status 
changes, and relative contribution of underlying cognitive 
disorders are considered barriers for incorporating HE in the 
current allocation model. The subjective variability can be 
minimized by using severe (grade 3–4) HE which is more 
reproducible with less inter-observer variability [15]. HE is 
a component of the CTP scoring system. Therefore, the pres-
ence of severe HE increases the CTP score in a patient and 
accurately reflects the severity of underlying liver disease. 
In a retrospective study comparing the predictive ability of 
the MELD and the CTP scores for waitlist mortality, area 
under curve analysis showed stronger trend toward the CTP 
than the MELD (AUROC, 0.73 vs. 0.68, p = 0.091) [17]. 
Utilizing the CTP score in addition to the MELD score or 
assigning MELD exception points for patients with severe 
HE awaiting LT can further reduce waitlist mortality. Results 
of our study which utilized the large national liver transplant 
registry emphasizes that the patients with a MELD score 
of 30–34 with severe HE should receive equal priority as 
regional waitlist registrants with a MELD score ≥ 35.

While the ways to incorporate severe HE in current liver 
allocation model are being explored, continued efforts 
for prompt diagnosis and effective management of HE in 
earlier stages must be taken to prevent the progression to 
more severe HE. Recently, with a relative reduction in other 
complications of cirrhosis such as variceal hemorrhage 
and availability of newer drugs for HE, there has been an 
increased emphasis on early recognition and management of 
HE [15]. HE has multidimensional burden on patients, car-
egivers, and health care resource utilization [15, 18]. Patient 
and family education, emphasis on compliance, correction of 
underlying electrolyte abnormalities, and treatment of infec-
tions and other precipitating factors of HE such as variceal 
hemorrhage are crucial in improving waitlist survival of 
these patients.

Table 4   Pre-Share and post-Share 35 waitlist outcomes among liver transplant candidates

Liver transplant waitlist registrants with initial listing MELD ≥ 30 and the presence of severe HE in the UNOS from 2011 to 2014 categorized 
into pre-Share (before) and post-Share (after) subgroups based on implementation of the Share 35 policy
HE hepatic encephalopathy, MELD Model for End-Stage Liver Disease, UNOS United Network for Organ Sharing

Initial registrants 90-day liver transplantation (%) 90-day overall mortality (%)

Pre-Share Post-Share Pre-Share (%) Post-Share (%) p Pre-Share (%) Post-Share (%) p

MELD 30–34 + severe HE 105 151 49.5 56.3 0.35 25.7 22.5 0.66
MELD 30–34 − severe HE 618 705 61.2 57.7 0.44 18.4 19.4 0.22
MELD   ≥ 35 + severe HE 288 309 47.6 56.3 0.04 44.8 37.5 0.09
MELD  ≥ 35 − severe HE 705 862 59.6 69.6 < 0.001 30.5 21.3 < 0.001
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The strengths of our study include the 10-year data of all 
adult liver transplant registrants in the USA. Consistency of 
data reporting by OPTN/UNOS is expected, and therefore 
the results can be generalizable. However, our study has sev-
eral limitations. Data from databases are subject to errors of 
data entry and coding. Diagnosing and grading the severity 
of HE are vulnerable to subjective bias and variability. It is 
unclear and cannot be verified if all centers used identical 
grading system for HE. We studied the presence and severity 
of HE at listing in our analysis; however, the duration and 
variation in the grades of HE are not available in the OPTN/
UNOS registry, and thus its impact cannot be assessed. Also, 
we are not able to identify and analyze the underlying etiol-
ogy or precipitating factor of HE.

In conclusion, our study demonstrates that HE is a serious 
complication of end-stage liver disease and is an independent 
predictor of mortality in patients with cirrhosis on the liver 
transplant waitlist. HE has emerged as a leading cause of 
hospitalizations and readmissions in this patient population 
[19, 20]. While higher proportion of critically ill patients 
with a MELD ≥ 35 have received LT after implementation of 
Share 35, patients with a MELD score of 30–34 and severe 
HE who have similar waitlist mortality risk continue to be at 
disadvantage. Our results indicate that these patients should 
receive an equal priority in current liver transplant allocation 
system as those with a MELD score ≥ 35.
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