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1  | INTRODUC TION

Liver transplantation (LT) is a curative treatment option for patients 

with end‐stage chronic liver disease and has a 5‐year survival rate of 

70%‐80%.1 Prioritization of patients for LT is currently determined by 

the Model for End‐Stage Liver Disease (MELD) score in most Western 

countries. This score, initially designed for assessing prognosis in 

patients undergoing transjugular intrahepatic portosystemic shunt 

(TIPS), incorporates objective markers of liver function (bilirubin, 

creatinine and the international normalized ratio, INR).2,3 The MELD 

score has been proven to be a strong prognostic indicator in many 

settings of cirrhosis, including organ allocation in patients registered 

on the transplant waiting list. However, it does not weight the effects 

of decompensation of liver disease such as ascites or hepatic enceph‐

alopathy (HE). HE is a neuropsychiatric syndrome caused by liver 

dysfunction in acute or chronic liver disease and/or portosystemic 

shunting. It describes a broad spectrum of neuropsychiatric abnor‐

malities ranging from subclinical alterations to coma.4 It is associated 
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Abstract
Overt hepatic encephalopathy (OHE) negatively impacts the prognosis of liver trans‐

plant candidates. However, it is not taken into account in most prioritizing organ al‐

location systems. We aimed to assess the impact of OHE on waitlist mortality in 3 

cohorts of cirrhotic patients awaiting liver transplantation, with differences in the 

composition of patient population, transplantation policy, and transplantation rates. 

These cohorts were derived from two centers in the Netherlands (reference and vali‐

dation cohort, n = 246 and n = 205, respectively) and one in Spain (validation cohort, 

n = 253). Competing‐risk regression analysis was applied to assess the association of 

OHE with 1‐year waitlist mortality. OHE was found to be associated with mortality, 

independently of MELD score, other cirrhosis‐related complications and hepatocel‐

lular	carcinoma	(HCC;	sHR	=	4.19,	95%	CI	=	1.9‐9.5,	P = 0.001). The addition of extra 

MELD points for OHE counteracted its negative impact on survival. These findings 

were confirmed in the Dutch validation cohort, whereas in the Spanish cohort, con‐

taining a significantly greater proportion of HCC and with higher transplantation 

rates, OHE was not associated with mortality. In conclusion, OHE is an independent 

risk factor for 1‐year waitlist mortality and might be a prioritization rule for organ 

allocation. However, its impact seems to be attenuated in settings with significantly 

higher transplantation rates.
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with a substantial burden on caregivers and the overall healthcare 

system and severely impacts on the patients’ health‐related qual‐

ity of life.5,6 Recent data show that HE remains a leading cause for 

readmission and mortality in patients with chronic liver disease.7‒11 

However, the subjectivity and inter‐observer variability in diagnosing 

and grading of HE hampered the incorporation of HE in current liver 

allocation strategies. Nevertheless, several previous studies reported 

data confirming the prognostic relevance of the presence and sever‐

ity of HE, regardless of the MELD score. The main findings in this con‐

text so far are: (a) MELD score underestimates the risk of mortality 

in cirrhotic patients with HE12‒15; (b) the severity of HE appears not 

to be correlated with the MELD score10,12; (c) the presence of high 

HE	grades	at	time	of	registration	at	the	waiting	list	increases	90‐day	
waitlist mortality, independently of MELD score16 and (d) incorpora‐

tion of HE in the MELD score may improve its prognostic ability.15

We aimed at assessing the impact of overt (clinically appar‐

ent) HE (OHE) on waitlist mortality in two independent, Western 

European cohorts (the Netherlands) of cirrhotic patients awaiting LT. 

In addition, we aimed at validating the impact of OHE on waitlist 

mortality in a Southern European cohort (Spain) with fundamental 

differences in the composition of patient population, transplantation 

policy and expected waiting time.

2  | PATIENTS AND METHODS

2.1 | Study design

Cirrhotic patients (age >18 years), who were registered at the waiting 

list for LT between 2007 and 2012, were retrospectively enrolled in 

the study. The study protocol conformed to the ethical guidelines of 

the	1975	Declaration	of	Helsinki	as	reflected	a	priori	by	the	individ‐

ual institution’s Medical Ethics Committees. Exclusion criteria were 

enlistment for re‐transplantation, combined liver and kidney trans‐

plantation, acute liver failure, patients with previous TIPS placement, 

hepatocellular carcinoma (HCC) outside Milan criteria and other 

advanced extrahepatic diseases. Demographics, clinical character‐

istics and laboratory values at the time of registration at the wait‐

ing	list	for	LT	were	retrieved	from	patient	files.	A	window	of	minus	
2 weeks was applied for the presence of complications of cirrhosis 

at enlistment (ie, ascites, spontaneous bacterial peritonitis (SBP), 

variceal	bleeding).	Ascites	was	defined	as	either	the	development	of	
de novo ascites requiring initiation of diuretics or worsening of previ‐

ous existent ascites requiring an increase in diuretic treatment dose 

or large‐volume paracentesis. Grading of HE severity as reported 

in the patient files was based on the West Haven Criteria (WHC), 

which is considered the gold standard for diagnosing and grading of 

HE.17 Based on clinical criteria, this tool categorizes HE in five stages 

(ie, minimal HE and grade I‐IV HE). Whereas it reliably distinguishes 

between patients with low vs high‐grade HE, it has its weakness in 

discriminating between patients with grade I HE and those with no 

HE or minimal HE (mHE).10,17 For this study, we, therefore, assessed 

the prognostic impact of an episode of OHE (ie, WHC grade II‐IV4) as 

reported in the patients’ medical records. Patients with any present 

(ie, at time of registration at the waiting list) or previous episode of 

OHE (pOHE) reported by the physician at or during a hospitalization 

were	considered	as	“HE	patients”.	All	patients	were	followed	up	until	
death or LT with a maximum follow‐up period of 12 months.

2.2 | Study cohorts

The study consisted of 3 independent cohorts of cirrhotic patients 

who were registered at the waiting list for LT between 2007 and 

2012: 1 reference cohort from 2 Dutch tertiary referral centers 

(n = 246), a validation cohort from another tertiary referral center 

in the Netherlands (n = 205) and a validation cohort from Spain 

(n = 253). Primary indications for enlistment were advanced liver cir‐

rhosis or HCC in the setting of liver cirrhosis.

2.3 | Statistical analysis

Comparisons between patients with and without pOHE at time of 

registration at the waiting list were performed using the chi‐square 

test or Student’s t test when appropriate. Baseline characteristics of 

patients in the three different cohorts were compared using the chi‐

square	or	ANOVA	test	when	appropriate.	Results	are	presented	as	
frequencies and percentages or mean and standard deviation (SD) or 

median	and	interquartile	range	(IQR),	when	appropriate.	A	P	≤	0.05	
was	considered	statistically	significant.	A	competing‐risk	regression	
analysis using the method of Fine and Gray18 was performed in order 

to identify independent prognostic factors for mortality. Competing‐

risk analysis provides event‐specific sub‐distribution hazard ratios 

(sHR) that are adjusted for the interdependence of the impact of LT 

on mortality and vice versa. Mortality at the waiting list was the out‐

come of interest and LT was considered as a competing risk. Variables 

with a P < 0.10 in univariate analysis, were included in multivariate 

analysis. Since laboratory MELD score is usually not reflective for the 

risk of mortality in patients with HCC, we performed multivariate 

models both with and without the inclusion of HCC patients. When 

analyzing global cohorts, HCC was also included in the multivariate 

models since it is a “favorable” factor for the transplantation rate, as 

extra MELD points have been added along the time of registration at 

the waiting list. With this approach, the relatively low MELD values 

for cirrhotic HCC patients with relatively preserved liver function 

were adjusted by including the variable HCC in the model.

After	 identifying	 the	prognostic	 indicators	 for	mortality	 at	 the	
waiting list, a “MELD‐HE score” was calculated in both Dutch co‐

horts as previously proposed by Lucidi et al15 by adding 7 extra 

points to the MELD score of pOHE patients. In their study cohort, 

this specific number of extra points for the presence of pOHE was 

found to optimally counteract misclassification by the MELD score 

in patients with pOHE and at a higher risk of death. We included 

this MELD‐HE score in the multivariate survival model to assess any 

residual impact of pOHE.

To further assess the optimal number of points to be added for 

the presence of pOHE, we studied the prognostic performance 
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of the aforementioned survival models by excluding the variable 

pOHE and adding a range of 3‐10 extra points to the MELD score 

in pOHE patients. Performance of these models was assessed by 

the following measures: Harrell C‐index, which is a natural ex‐

tension of the area under the Receiver Operating Characteristic 

(ROC) curve in the context of right censored data in survival anal‐

ysis; Somers’ D, which is a measure of agreement between pairs of 

possibly	dependent	ordinal	variables,	 ranging	from	−1	(no	agree‐

ment, model with poor predictive ability) to +1 (total agreement, 

model	with	 good	 predictive	 ability);	 and	 the	 Akaike	 Information	
Criterion	 (AIC),	which	estimates	 the	relative	quality	of	statistical	
models	 for	 a	 given	 data	 set.	 AIC	 estimates	 the	 quality	 of	 each	
model	relative	to	the	other	models.	The	model	with	the	lowest	AIC	
value is considered the preferred model. We identified the model 

with the number of extra MELD points for pOHE that showed the 

best values for these three performance measures as compared to 

the reference model including the laboratory MELD score and the 

variable pOHE.

Statistical analysis was performed using the SPSS statistical 

package	20.0	(SPSS	Inc,	Chicago,	IL,	USA).	Competing‐risk	survival	
analysis and prognostic measures were performed with the exten‐

sion commands UAB Competing Risks and UAB AllSetsReg developed 

by	the	Applied	Biostatistics	Laboratory	(Autonomous	University	of	
Barcelona).

3  | RESULTS

3.1 | Reference cohort

3.1.1 | Patient characteristics

Patient demographics and clinical characteristics at the time of reg‐

istration	at	the	waiting	list	for	LT	are	shown	in	Table	1.	A	total	of	83	
patients had documented HE at time of registration at the LT waiting 

list (grade I: n = 36, grade II: n = 31, grade III: n = 14, grade IV: n = 2). 

Therefore, the study population contained 47 patients with pOHE (ie, 

Variable
All patients 
(n = 246)

pOHE  
(n = 47)

No pOHE 
(n = 199) P‐value

Age	(y),	mean	(SD) 53.2 (11.5) 56.2 (8) 52.7 (12) 0.059

Gender (male), n (%) 174 (70.7) 31 (66) 143	(71.9) 0.477

Etiology, n (%)

Alcohol 73	(29.7) 22 (46.8) 51 (25.6) 0.017

Viral hepatitis 45 (18.3) 4 (8.5) 41 (20.6)

PSC/PBC/AIH 75 (30.5) 11 (23.4) 64 (32.2)

NASH 16 (6.5) 5 (10.6) 11 (5.5)

Other 37 (15) 5 (10.6) 32 (16.1)

Clinical features, n (%)

HCC 59	(24) 6 (12.8) 53 (26.6) 0.045

Ascites 102 (41.5) 28	(59.6) 74 (37.2) 0.005

Variceal bleeding 11 (4.5) 5 (10.6) 6 (3) 0.023

SBP 12	(4.9) 5 (10.6) 7 (3.5) 0.042

HRS 10 (4.1) 7	(14.9) 3 (1.5) <0.001

Prognostic scores, median (IQR)

MELD 12.2	(9.5‐16.3) 15.4	(11.8‐18.9) 11.3	(8.9‐15.2) <0.001

Child‐Pugh 8 (6‐10) 10 (8‐12) 7	(5‐9) <0.001

Laboratory data, mean (SD)

Creatinine (µmol/L) 83.4	(57.9) 104.3 (108.5) 78.4 (35.8) 0.004

Sodium (mmol/L) 138 (4.6) 137.7 (5.3) 138 (4.5) 0.43

INR 1.29	(0.35) 1.46 (0.47) 1.25 (0.3) <0.001

Bilirubin (µmol/L) 76.7	(128.9) 147.1 (215.6) 60.1	(91.1) <0.001

Albumin	(g/L) 34.7 (6.5) 32.2 (6.0) 35.3 (6.4) 0.003

AF	(U/L) 184 (137.2) 134 (73) 196	(146) <0.001

Leucocytes (x 109/L) 5.8	(2.9) 6.69	(3.9) 5.60 (2.6) 0.036

AF,	alkaline	phosphatase;	AIH,	autoimmune	hepatitis;	HCC,	hepatocellular	carcinoma;	HRS,	hepato‐

renal syndrome; INR, international normalized ratio; IQR, interquartile range; MELD, model of end‐

stage liver disease; PBC, primary biliary cirrhosis; pOHE, previous or present hepatic encephalopathy 

at time of registration at the waiting list; PSC, primary sclerosing cholangitis; SBP, spontaneous bac‐

terial peritonitis; SD, standard deviation.

TA B L E  1   Patient characteristics at 

time of registration at the waiting list for 

liver transplantation in the reference 

cohort (n = 246)
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≥grade	II	HE).	Of	them,	26	had	present	OHE,	21	had	previous	OHE,	
and	7	had	both	present	and	previous	OHE.	Among	patients	without	
pOHE	(n	=	199),	7	 (3.5%)	developed	an	episode	of	OHE	during	the	
12‐month	 follow‐up	period.	As	expected,	patients	with	pOHE	had	
more severe liver disease as compared to patients without pOHE as 

reflected by higher MELD and CP scores, more elevated liver and kid‐

ney function parameters and higher prevalence of ascites and HRS.

3.1.2 | Competing‐risk survival analysis

At	12	months	of	follow‐up,	24	(9.8%)	patients	had	died	while	await‐
ing LT. Patients without pOHE at time of registration at the LT wait‐

ing list showed significantly better 1‐year survival rates. One‐year 

cumulative mortality was 25.5% (12/47) in pOHE patients vs 6.0% 

(12/199)	 in	 non‐pOHE	 patients	 (P < 0.001), resulting in a lower 

transplant rate in pOHE patients (22/47, 46.8%) as compared to non‐

pOHE	patients	(115/199,	57.8%).
Previous or present hepatic encephalopathy at time of regis‐

tration at the waiting list (pOHE) and other potential risk factors 

for 1‐year waiting list mortality were analyzed in a univariate com‐

peting‐risk regression model. Significant associations with mortal‐

ity were found for MELD and CP score and the presence of pOHE, 

ascites, SBP and HRS at time of registration at the LT waiting list 

(Table 2). In multivariate analysis, pOHE was significantly associ‐

ated with 1‐year mortality at the LT waiting list in both the com‐

plete study cohort and in the sub‐cohort excluding HCC patients, 

showing	similar	sub‐Hazard	ratios	(Table	3A).	Cumulative	incidence	
function curves for mortality at the waiting list stratified by pOHE 

are shown in Figure 1.

3.2 | Validation cohorts

Baseline characteristics of the Dutch and Spanish validation cohort 

are shown in Table S1. Baseline characteristics of the two Dutch 

cohorts were highly comparable, whereas the Spanish cohort had 

some fundamental differences in baseline characteristics as com‐

pared to the reference cohort. In the Spanish cohort, patients were 

older (57.1 vs 53.2 and 52.7 years, P < 0.001) and had a significantly 

higher prevalence of pOHE and HCC as compared to the reference 

cohort	(pOHE:	29.6%	vs	19.1%	and	15.6%,	P < 0.001 and HCC: 48.6% 

vs	24.0%	and	29.3%,	P = 0.001). Patients in the Spanish cohort had 

a significantly shorter median time until OLT or death (5.1 vs 6.8 

and 8.2 months, P	<	0.001).	As	compared	to	the	Dutch	cohorts,	the	
Spanish cohort had a higher cumulative 1‐year transplantation rate 

(74.7% vs 55.7% and 48.3%, P < 0.001) and a lower 1‐year cumula‐

tive	waitlist	mortality	(6.3%	vs	9.8%	and	12.7%,	P < 0.001).

To validate the impact of pOHE on 1‐year mortality at the LT 

waiting list, identical competing‐risk regression models were fitted 

for the two validation cohorts. Results of univariate analyses are 

shown in Table 3B,C.

In the Dutch validation cohort, it was confirmed that pOHE is a 

predictor for mortality at the waiting list, independently of MELD 

score and presence of HCC and ascites (Table 3B). Cumulative in‐

cidence curves for mortality at the waiting list stratified for pOHE 

in the Dutch validation cohort are shown in Figure 2. However, 

in contrast to the findings in the two Dutch cohorts, pOHE was 

not associated with 1‐year mortality at the waitlist in the Spanish 

cohort. In this cohort, leucocytes and ascites were associated with 

mortality in multivariate analysis, although these results must 

TA B L E  2   Results of univariate competing‐risk regression analysis of potential risk factors for 1‐year mortality in the Dutch reference 

cohort, the Dutch validation cohort, and the Spanish validation cohort

Cohort

Reference (n = 246) Dutch validation (n = 205) Spanish validation (n = 253)

sHR (95% CI) P‐value sHR (95% CI) P‐value sHR (95% CI) P‐value

Age 1.03	(0.99‐1.07) 0.094 1.06 (1.01‐1.13) 0.027 1.03	(0.98‐1.10) 0.260

Gender male 1.25	(0.53‐2.93) 0.606 1.08	(0.47‐2.49) 0.858 3.23 (1.22‐8.57) 0.018

Albumin 0.96	(0.9‐1.02) 0.167 0.91	(0.85‐0.96) 0.002 0.95	(0.89‐1.00) 0.068

Sodium 0.96	(0.84‐1.11) 0.578 0.91	(0.85‐0.97) 0.003 1.02	(0.89‐1.16) 0.824

Leucocytes 1.10	(0.99‐1.23) 0.078 1.12	(0.99‐1.26) 0.061 1.28	(1.09‐1.51) 0.003

Child‐Pugh score 1.26 (1.05‐1.53) 0.015 1.64 (1.35‐2.0) <0.001 1.12	(0.93‐1.34) 0.229

MELD score 1.08 (1.01‐1.15) 0.017 1.16 (1.08‐1.24) <0.001 1.06	(0.96‐1.17) 0.219

pOHE 4.89	(2.2‐10.83) <0.001 3.31 (1.47‐7.47) 0.004 0.53 (0.15‐1.85) 0.534

HCC 1.90	(0.84‐4.27) 0.123 0.191	(0.04‐0.82) 0.026 0.82	(0.31‐2.19) 0.693

SBP 5.18 (1.61‐16.64) 0.006 2.75 (0.62‐12.26) 0.185 2.19	(0.28‐17.5) 0.459

Ascites 2.5 (1.15.68) 0.029 6.61	(2.49‐17.51) <0.001 3.26	(1.14‐9.34) 0.028

HRSa 6.84 (2.07‐22.6) 0.002 ‐ ‐ 1.15 (0.15‐8.76) 0.891

Variceal bleedinga 3.55 (1.02‐12.3) 0.046 1.51 (0.78‐2.32) 0.254 ‐ ‐

HCC, hepatocellular carcinoma; MELD, model of end‐stage liver disease; pOHE, present or previous hepatic encephalopathy at time of registration at 

the	waiting	 list;	SBP,	spontaneous	bacterial	peritonitis;	sHR,	sub‐distribution	hazard	ratio	for	mortality	at	the	waiting	 list;	95%	CI,	95%	confidence	
interval.
aCompeting‐risk regression analysis could not be performed for these variables because of few events in these subgroups. 
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be interpreted cautiously due to the small number of events (16 

deaths) (Table 3C).

3.3 | Priority MELD score for pOHE patients?

In the following analyses, we aimed at defining a prognostic model 

optimally adjusting for the negative impact of pOHE on 1‐year wait‐

ing list mortality. Firstly, as previously proposed by Lucidi et al,15 

seven extra points were added to the MELD score of pOHE patients 

(the “MELD‐HE score”) in the two Dutch cohorts. By including this 

MELD‐HE score in the multivariate survival models, pOHE appeared 

not to be an independent prognostic factor for 1‐year waiting list 

mortality, thereby confirming that extra MELD points may indeed 

counteract the negative impact of pOHE on survival (Table S2).

Secondly, we conducted multivariate competing‐risk survival 

models including different MELD‐HE scores with a range of three till 

10 extra points for pOHE. With this approach, we aimed at assessing 

which number of extra points optimally counteracted the negative 

impact of pOHE on mortality and lead to the model with best pre‐

dictive ability for 1‐year survival as compared to the reference model 

including the laboratory MELD score and the variable pOHE (Table 

S3). In consistence with Lucidi et al, we found that 7 extra MELD 

points for pOHE were needed to counteract the negative impact 

of pOHE on survival in our study population. The models with best 

predictive	ability	(as	assessed	by	AIC,	Harrell’s	C‐index	and	Somers’	
D)	were	obtained	with	7‐9	extra	points	(Table	S3A).	For	the	Dutch	
validation cohort, the models that showed best predictive perfor‐

mance were those with 4‐6 extra MELD points and 5 extra MELD 

points were needed to neutralize the impact of pOHE on survival 

(Table S3B). When combining the two Dutch cohorts, best predic‐

tive performance was found for the prognostic model including six 

extra MELD points for pOHE (Table S3C). Sub‐analysis in non‐HCC 

patients showed similar results (Table S3D).

4  | DISCUSSION

This study shows that the presence of pOHE at time of registration 

at the waiting list for LT, is an independent risk factor for mortal‐

ity awaiting LT in both cirrhotic patients with and without HCC. 

However, it has been found that pOHE seems not to be of prognos‐

tic significance in a cohort with significantly higher transplantation 

TA B L E  3   Multivariate competing‐risk survival analysis assessing 1‐year waitlist mortality with and without inclusion of HCC patients in 

(A)	the	reference	cohort,	(B)	the	Dutch	validation	cohort	and	(C)	the	Spanish	validation	cohort

A. Reference cohort (n = 246)

Variables

All patients (n = 246) Non‐HCC patients (n = 187)

sHR (95% CI) P‐value sHR (95% CI) P‐value

pOHE 4.19	(1.85‐9.51) 0.001 5.58 (1.87‐16.67) 0.002

MELD score 1.06 (1.01‐1.12) 0.027 1.07 (1.01‐1.12) 0.023

SBP 5.11	(1.64‐15.98) 0.005 4.28 (1.48‐12.40) 0.007

HCC 4.04 (1.55‐10.53) 0.004 N.A. N.A.

B. Dutch validation cohort (n = 205)

Variables

All patients (n = 205) Non‐HCC patients (n = 145)

sHR (95% CI) P‐value sHR (95% CI) P‐value

pOHE 2.57 (1.07‐6.17) 0.035 2.99	(1.19‐7.51) 0.020

MELD score 1.11 (1.03‐1.20) 0.006 1.11 (1.02‐1.20) 0.013

Ascites 4.12 (1.51‐11.26) 0.006 4.44 (1.45‐13.55) 0.009

HCC 0.52 (0.10‐2.58) 0.420 N.A. N.A.

C. Spanish validation cohort (n = 253)

Variables

All patients (n = 253) Non‐HCC patients (n = 130)

sHR (95% CI) P‐value sHR (95% CI) P‐value

Ascites 5.03 (1.24‐20.44) 0.024 5.10 (0.60‐43.18) 0.135

MELD score 1.05	(0.89‐1.23) 0.578 0.99	(0.81‐1.22) 0.945

Leucocytes 1.32 (1.10‐1.57) 0.002 1.40 (1.14‐1.71) 0.001

HCC 3.49	(0.78‐15.59) 0.102 N.A. N.A.

CI,	confidence	interval;	HCC,	hepatocellular	carcinoma;	MELD,	model	for	end‐stage	liver	disease;	NA,	not	applicable;	pOHE,	previous	or	present	he‐

patic encephalopathy at time of registration at the waiting list; SBP; spontaneous bacterial peritonitis; sHR, sub‐distribution hazard ratio for 1‐year 

mortality at the waiting list.
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rates and shorter waiting time until transplantation. Furthermore, it 

was validated in this study that the addition of extra MELD points for 

pOHE patients, as recently proposed by Lucidi et al,15 counteracts 

the negative impact of pOHE on waitlist mortality.

Several previous studies have reported a significant association 

for HE with an increased risk of waitlist mortality.12,13,16,19 Therefore, 

the hypothesis was raised that the lack of considering HE in the pri‐

oritizing criteria for LT may lead to underestimation of the severity 

of the underlying liver disease and prognosis. Indeed, subsequent 

studies have shown the additional prognostic value of consider‐

ing HE in the MELD score.10,12,15,19 However, except for the recent 

study of Lucidi et al,15 these studies did not adjust for the presence 

of other complications of cirrhosis as risk factors for mortality at 

the liver transplant waiting list in patients with HE. In addition, the 

majority of these studies did not perform competing‐risk survival 

analysis, which is essential in the context of assessing waitlist mor‐

tality, since it provides event‐specific hazard ratios without censor‐

ing of patients. Using this approach, our results confirm in two large 

cohorts of cirrhotic patients awaiting LT that HE is a risk factor for 

1‐year mortality at the waiting list, independently of MELD score 

and other complications of cirrhosis. It must be noted that the anal‐

ysis of the prognostic impact of HE was limited to patients with OHE 

(WHC II‐IV), because of the more observator dependent, subjective 

assessment of minimal and grade I HE. Our finding that pOHE has 

a negative prognostic implication is, therefore, a robust finding, un‐

likely to be influenced by subjective judgment. The strategy to pri‐

oritize patients with pOHE with extra MELD points seems sensible 

and, as previously proposed by Lucidi et al,15 adding seven extra 

points to the laboratory MELD score optimally counteracted the 

negative	effect	of	pOHE	on	survival	in	the	study	cohort.	An	immor‐
tal time bias could be suspected for these survival analyses as the 

(additional) prognostic impact of the development of OHE during 

follow‐up was not assessed. However, the low number of patients 

who developed OHE during follow‐up (3.5%), makes this hypothesis 

unlikely.

The findings in the study cohort were confirmed in the Dutch 

validation cohort. In the Spanish cohort, however, pOHE was not 

a predictor for mortality at the waiting list. This may be explained 

F I G U R E  1   Cumulative incidence functions for mortality at 

the waiting list stratified by pOHE in the Dutch reference cohort: 

(A)	unadjusted	effect	of	pOHE,	(B)	adjusted	effect	of	pOHE	by	
covariables (MELD, HCC, and baseline SBP). HCC, hepatocellular 

carcinoma; MELD, model of end‐stage liver disease; pOHE, 

previous or present hepatic encephalopathy at time of registration 

at the waiting list; SBP, spontaneous bacterial peritonitis

F I G U R E  2   Cumulative incidence functions for mortality at the 

waiting list stratified by overt HE in the Dutch validation cohort: 

(A)	unadjusted	effect	of	pOHE,	(B)	adjusted	effect	of	pOHE	by	
covariables (MELD, HCC, and baseline ascites). HCC, hepatocellular 

carcinoma; HE, hepatic encephalopathy; MELD, model of end‐stage 

liver disease; pOHE, previous or present hepatic encephalopathy at 

time of registration at the waiting list
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by several relevant differences between the Dutch and Spanish co‐

horts. Firstly, the transplantation rate in the Spanish cohort was 

significantly higher and the waiting list time and mortality were 

lower than in the Dutch cohorts. Spain holds a leading position 

worldwide in deceased organ donation. Their unique organizational 

system resulted in 40 million organ donors per million population 

giving rise to the highest number of solid organ transplantations 

in the world in 2015.20 In this setting, complications of cirrhosis 

may have less impact on survival as compared to populations with 

a	longer	expected	waiting	list	time.	Accordingly,	although	the	prev‐
alence of pOHE was significantly higher in the Spanish cohort than 

in	Dutch	 cohorts	 (29.6%	vs	 16%	and	19%),	 it	was	 not	 associated	
with mortality, which probably reinforces the role of a high trans‐

plantation rate to reduce the negative impact of pOHE. Secondly, 

prioritization rules for HCC differ between Spain and Netherlands: 

In	Spain	HCC	patients	enter	the	waiting	list	with	19	MELD	points	
(and a subsequent increase by one point quarterly), while in the 

Netherlands an exception MELD score is granted from 6 months 

after enlistment. The above‐described differences in organ allo‐

cation policy between countries may explain the shorter waiting 

times until LT in the Spanish cohort.

Some limitations according to the present study are to be consid‐

ered. The most important one is the retrospective study design. The 

presence of pOHE relied on documentation in patient files. The sub‐

jectivity and inter‐observer variability in diagnosing and grading of 

HE remains a challenging aspect in research to this neuropsychologi‐

cal syndrome. Prospective studies with clear definitions for diagnos‐

ing and grading of HE will be needed to validate its prognostic value 

on waitlist mortality and to evaluate its ability to prioritize patients 

for LT. Due to the retrospective study design, we were not able to 

reliably investigate the impact of the use of medication for HE and 

the use of other potentially relevant co‐medication, such as beta‐

blockers and diuretics, on the survival of HE patients. It must also 

be noted that events occurring between registration at the waiting 

list and death or transplantation, such as variceal bleeding and SBP, 

were not recorded due to the cross‐sectional design of the study. 

Of course, these intermediary events might account for mortality 

and could be better characterized and analyzed with a prospective 

design. Finally, in both Dutch cohorts, other complications of cir‐

rhosis also appeared to have an independent impact on the waitlist 

mortality (SBP and ascites) suggesting that other factors may help in 

refining the priority rules for organ allocation. Finally, the low num‐

ber of deaths in the Spanish cohort makes the statistical assessment 

in this cohort less robust than in the Dutch cohorts, thus making it 

more difficult to demonstrate a negative impact of pOHE on waiting 

list mortality.

Based on the results of the present study, we conclude that the 

presence and/or a history of clinically symptomatic HE at time of 

registration at the waiting list for LT, is an independent risk factor 

for mortality and that it might be a prioritization rule for organ al‐

location. However, its prognostic impact seems to be attenuated in 

settings with significantly higher transplantation rates and shorter 

waiting time until transplantation.
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