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Background: Liver transplantation (LT) has the incidence of 30-day mortality about 5-10%, Jo er al.
reported that 30-day mortality and 1-year mortality for DDLT were 30%, and 39% respectively. It is not
easy to create a model for predicting post-transplantation outcomes based on pretransplant variables. MELD
does not take into account individual complications such as hepatic encephalopathy (HE), and research has
shown that the greater the severity of pretransplant HE, the lower the survival rate after LT} the importance
of monitoring for HE is therefore emphasized.

Methods: The medical records of adult patients who underwent deceased donor LT (DDLT) were
retrospectively reviewed for analysis of the effect of HE on the long-term survival rate of post-transplant for
more than 1 year.

Results: Presence of HE is not statistically associated to patient survival (P=0.062), but the hazard ratio is
1.954 (95% CI, 0.968, 3.943). In addition, the severe HE group significantly decreased survival compared
to the non-HE group, and the cumulative 1- and 3-year overall survival rates were 80.9% and 78.7%,
respectively, in non HE group, and 65.7% and 56.1%, respectively, in severe HE group (P=0.031).
Conclusions: Severe HE is a factor influencing the long-term survival over 3 years in the patients who
underwent DDLT. Although prospective validation should be conducted to determine the prognostic value
of HE severity, efforts could be made to reduce the severity of HE before DDLT, and consider severity of
HE rather than MELD score in DDLT allocation.

Keywords: End stage liver disease; hepatic encephalopathy (HE); liver transplantation (LT); mortality; survival
Submitted Jan 04, 2021. Accepted for publication Mar 31, 2021.

doi: 10.21037/apm-21-21
View this article at: http://dx.doi.org/10.21037/apm-21-21

A ORCID: Ji-Uk Yoon, 0000-0002-3971-2502; Yeong Min Yoo, 0000-0003-3536-0447; Gyeong-Jo Byeon, 0000-0001-5333-3894; Hye-Jin
Kim, 0000-0003-1630-0422; Eun-Ji Choi, 0000-0003-3731-0785; Seyeon Park, 0000-0001-7183-1811; Hee Young Kim, 0000-0001-7809-
8739.

© Annals of Palliative Medicine. All rights reserved. Ann Palliat Med 2021;10(5):5171-5180 | http://dx.doi.org/10.21037/apm-21-21


https://crossmark.crossref.org/dialog/?doi=10.21037/apm-21-21

5172

Introduction

Hepatic encephalopathy (HE) is a serious complication
of non-compensated end-stage liver disease and exhibits a
wide range of neuropsychiatric abnormalities ranging from
subtle psychological alterations to coma. HE is reversible in
patients with no neurological or metabolic abnormalities (1),
but liver transplantation (LT) is a definitive treatment for
HE (2).

LT has a 30-day mortality of about 5-10% (3), and Jo
et al. reported that 30-day mortality and 1-year mortality for
DDLT were 30%, and 39% respectively in their study (3).
It is very important to identify pretransplant risk factors
for early mortality, but it is difficult to create a model for
predicting post-transplant outcomes based on pretransplant
variables. There are also variables independent of
pretransplant factors, such as level of surgical skill, adverse
events in the perioperative period, graft rejection, and
biliary and vascular complications. Nevertheless, there are
studies that predict post-transplant survival using the model
for end-stage liver disease (MELD) score (4-6). Habib ez al.
reported that recipient age >65 years, retransplantation,
MELD score >25, non-cholestatic etiology of primary
disease, and Child-Pugh (C-P) C status were independent
predictors for patient survival at 1 year, but the influence of
MELD score on 1-year patient survival is lost beyond the
first year (4).

In addition, MELD does not take into account individual
complications such as hepatic portal hypertension,
hepatorenal syndrome, hepatopulmonary syndrome (HPS),
and HE (7). Research has shown that the greater the
severity of pretransplant HE, the lower the survival rate,
and the higher the infection rate after L'T; the importance
of monitoring for HE is therefore emphasized (3,8).

The purpose of this study was to analyse the association
of HE with a long-term post-transplant survival rate of
more than 1 year in patients who underwent deceased donor
LT (DDLT), and to determine whether pretransplant HE
can be used as a predictor of long-term survival. We present
the following article in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
apm-21-21).

Methods
Study population

The medical records of adults (age >18 years) who
underwent DDLT at Pusan National University Yangsan
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Hospital, Yangsan, Korea, from January 1, 2010, to
December 31, 2015, were retrospectively reviewed. We
received approval of waived consent from the Institutional
Review Board of Pusan National University Yangsan
Hospital due to the retrospective nature of the study (Ref:
05-2018-183). The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013).

Evaluation of MELD score and severity of HE

The pretransplant MELD score and the severity of HE
were measured based on the patient’s documented level
of consciousness and the results of blood tests one day
before transplant. The MELD score was calculated using
the United Network of Organ Sharing formula, which
includes serum total bilirubin level, serum creatinine, and
international normalized ratio (INR) (available at http://
WWW.Unos.org/resources):

MELD score = 9.57 x log.creatinine (mg/dL) + 3.78 x
log bilirubin (mg/dL) + 11.20 x log INR + 6.43.

HE assessed by the hepatologist immediately before
surgery was reviewed, and if there was no description of HE,
its pretransplant severity was classified by the data reviewer
using the “gold standard” West-Haven criteria [grade 0,
no HE; grade 1, euphoria or anxiety, shortened attention
span, trivial lack of awareness, impaired performance
of addition or subtraction; grade 2, lethargy or apathy,
minimal disorientation for time or place, subtle personality
change, inappropriate behaviour; grade 3, somnolence to
semi stupor (but responsive to verbal stimuli), confusion,
gross disorientation; grade 4, coma (unresponsive to verbal
or noxious stimuli)] (9). Medical history, blood tests, and
imaging studies were reviewed to help rule out changes
in consciousness or cognition resulting from medications,
alcohol abuse, drug use, hyponatremia, and psychiatric
disease. The primary end point of this study was to find the
effect of severity of HE on post-transplant survival. The
HE group was further classified into mild HE (grade I-II)
and severe HE (grade III-IV) groups. Our secondary end
point was prediction of long-term survival based on HE
severity.

Statistical analysis

The independent 7-test or Wilcoxon rank sum test was used
for statistical analysis of continuous data, and Fisher’s exact
test was used to assess categorical data. For multivariable
analyses, we used the Cox proportional hazards regression
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method to determine the risk factors for low survival
rates. Survival curves were generated using the Kaplan-
Meier method, and the log-rank test was used to compare
survival. Spearman’s correlation analysis was used to assess
correlation between grade of HE and MELD score. We
assessed the ability of HE grade to predict mortality in the
DDLT patients by measuring the concordance (c-statistic)
equivalent to the area under the receiver operating
characteristic curve (ROC). A c-statistic between 0.8 and 0.9
indicates excellent diagnostic accuracy, and a model with
a c-statistic over 0.7 should be considered clinically useful
(10,11). The variables with P values <0.05 were considered
statistically significant. P<0.05 is two-sided. All statistical
analyses were performed using R 3.5.0 software (www.
r-project.org).

Results
Characteristics of patients and mortality

A total of 114 adult patients underwent DDLT during the
study period. Four were excluded due to incomplete data;
therefore, the study was conducted with a total of 110
patients. The mean patient age was 55 (range, 48.25-62.00)
years, and the proportion of male was higher than that of
female. The average MELD score was 30.5 (range, 23.25—
35.00), with no difference between the HE group (n=63)
and the non-HE (n=47) group. The aetiology of liver failure
was most frequently viral hepatitis (52, 47.3%), followed
by alcohol use, autoimmune disease, and cholestasis. The
demographic features of the patients in the HE and non-
HE groups were not statistically different, but the C-P
score, INR, serum sodium level, duration of mechanical
ventilation, and mortality were significantly higher in the
HE group compared to the non-HE group. The mortality
of the HE group (27, 42.9%) was also significantly higher
than that of the non-HE group (11, 23.4%) (P=0.043), but
the causes of death were not statistically different (7able I).
A total of 38 patients died after DDLT, and the causes of
death were infection (8, 21.1%), acute rejection (5, 13.2%),
pulmonary complications (5, 13.2%), cerebrovascular
accident (4, 10.5%), and chronic rejection (2, 5.3%). The
HE group was subdivided into the mild HE group (grade
I-1I) and the severe HE group (grade III-IV); there were
22 (34.9%) and 41 (65.1%), respectively. To examine the
correlation between the grade of HE and MELD score,
Spearman’s correlation analysis was performed, but the
correlation coefficient (0.13) was not statistically significant
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(Figure I).

Univariate survival analysis

Mean duration of follow-up was 4.07 (range, 0.52-5.60) years,
and overall survival was 65.5%. In univariate analyses
(1able 2), we found that age over 65 years, grade of HE,
severe HE, presence of HPS, and duration of mechanical
ventilation were significantly associated with patient
survival. Hazard ratios (HRs) for advanced age, severe
HE, and presence of HPS were 2.291 (95% CI, 1.083-
4.845), 2.245 (95% CI, 1.074-4.690), and 4.833 (95% CI,
1.695-13.782), respectively. The presence of HE was not
statistically associated with patient survival (P=0.062), but
the HR was 1.954 (95% CI, 0.968-3.943), indicating about
twice the risk of death compared to the non-HE group. In
addition, the severe HE group had significantly decreased
survival compared to the non-HE group; the cumulative
1- and 3-year overall survival rates were 80.9% and 78.7%,
respectively, in non-HE group, and 65.7% and 56.1%,
respectively, in the severe HE group (P=0.031) (Figure 2).
On the other hand, pretransplant MELD score and C-P

score were not associated with survival.

Multivariable survival analysis

Using the Cox proportional hazard model and after
adjustment for age and gender (7able 3), we found that
severe HE was significantly associated with poor patient
survival (HR 2.137; 95% CI, 1.018-4.485). However, the
area under the receiver operating curve (ROC) for the grade
of HE and mortality was 0.63 (Figure 3).

Discussion

Our study demonstrates that severe HE is associated with
patient survival after DDL'T and HR of death is about twice
compared to the non-HE group although HE is not able to
be used for the predictor of post-transplant mortality.
MELD-based systems for prioritization of LT allocation
were introduced in 2002 (4). However, HE is not being used
as a criterion for prioritization of patients with chronic liver
disease awaiting L'T. For validation of the scoring system for
allocation of L'T| there have been many studies on the effect
of MELD score on post-transplant mortality (4,5,12).
However, it is difficult to predict a post-transplant
outcome based on pretransplant variables because of
other perioperative factors such as level of surgical skill,
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Table 1 Demographic, clinical, and biochemical features in patients who underwent DDLT

Characteristics Overall (n=110) NHE (n=47) HE (n=63) P value
Age (yr) 55.00 (48.25, 62.00) 54 (48.50, 59.50) 55 (49.00, 62.50) 0.27
>65 16 (14.5) 5(10.6) 11 (17.5) 0.416
Gender 0.682

Male 74 (67.3) 33(70.2) 41 (65.1)

Female 36 (32.7) 14 (29.8) 22 (34.9)
Height (cm) 164.80 (8.53) 164.75 (9.20) 164.84 (8.08) 0.958
Weight (kg) 62.77 (12.08) 62.78 (11.29) 62.77 (12.73) 0.994
BMI (kg/m?) 23.70 (20.87, 26.13) 23.12 (21.19, 26.29) 24.02 (20.81, 26.01) 0.954
Etiology 0.545

Viral 52 (47.3) 24 (51.1) 28 (44.4)

Alcoholic 32 (29.1) 13 (27.7) 19 (30.2)

Autoimmune 5 (4.5) 2 (4.3 3(4.8)

Cholestasis 4 (3.6) 3(6.4) 1(1.6)

Miscellaneous 17 (15.5) 5(10.6) 12 (19.0)
Non-HE 47 (42.7) 47 (100.0) 0(0.0)
HE

Mild 22 (20.0) 0(0.0) 22 (34.9)

Severe 41 (37.3) 0(0.0) 41 (65.1)
MELD score 30.50 (23.25, 35.00) 30.00 (19.00, 36.50) 31.00 (25.00, 35.00) 0.382

<25 36 (32.7) 19 (40.4) 17 (27.0)

>25 74 (67.3) 28 (59.6) 46 (73.0) 0.155
C-P score 10.00 (9.00, 11.00) 9.00 (8.00, 10.00) 11.00 (10.00, 12.00) 0.000*
Hepatorenal syndrome 36 (32.7) 16 (34.0) 20 (31.7) 0.839
Hepatopulmonary syndrome 5 (4.5) 2 (4.3) 3(4.8) 1
Serum albumin (g/dL) 3.20 (2.82, 3.60) 3.30 (2.95, 3.60) 3.20 (2.80, 3.60) 0.504
INR 2.01(1.63, 2.62) 1.77 (1.42, 2.41) 2.11(1.85, 2.67) 0.008*
Total bilirubin (mg/dL) 11.75 (3.60, 24.40) 9.80 (2.85, 23.80) 15.40 (3.85, 24.60) 0.258
Serum sodium (mmol/L) 136.50 (133.00, 140.75) 135.00 (132.00, 138.00)  137.00 (134.00, 141.50) 0.031*
Serum creatinine (mg/dL) 1.03 (0.68, 1.75) 1.14 (0.74, 1.81) 0.96 (0.68, 1.66) 0.538
Duration of mechanical ventilation (days) 9.00 (5.00, 18.75) 6.00 (3.00, 11.50) 11.00 (6.00, 23.00) 0.005*
Duration of admission (days) 56.50 (41.25, 85.00) 51.00 (41.00, 84.50) 59.00 (42.50, 94.00) 0.457
Duration of admission after post- 38.50 (29.25, 64.00) 35.00 (29.00, 54.50) 43.00 (29.50, 69.50) 0.325
transplantation (days)
Death 38 (34.5) 11 (23.4) 27 (42.9) 0.043*

Table 1 (continued)
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Table 1 (continued)
Characteristics Overall (n=110) NHE (n=47) HE (n=63) P value
Cause of death 0.584
Acute rejection 5(13.2) 0(0.0) 5(18.5)
Chronic rejection 2 (5.3) 0 (0.0) 2(7.4)
Infection 8 (21.1) 3(27.3) 5(18.5)
Pulmonary complication 5(13.2) 1(9.1) 4 (14.8)
Cerebrovascular accident 4(10.5) 1(9.1) 3(11.1)
Others 14 (36.8) 6 (54.5) 8 (29.6)

Categorical variables expressed as number (%), non-normal continuous variables as median (Q1-Q3) and normal continuous variables as
mean + SD. *, P<0.05. BMI, body mass index; C-P, Child-Pugh; DDLT, deceased-donor liver transplantation; HE, hepatic encephalopathy;
INR, international normalized ratio; MELD, model for end-stage liver disease; NHE, non-hepatic encephalopathy.
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Figure 1 Correlation between grade of hepatic encephalopathy
and MELD score in the patients who underwent DDLT.
Spearman’s correlation analysis was carried out. DDLT, deceased
donor liver transplantation; HE, hepatic encephalopathy; MELD,

model for end-stage liver disease.

graft rejection, and biliary and vascular complications.
Habib et al. reported that a high pretransplant MELD
score (>26) was associated with poor outcome in patients
who underwent DDLT, but the effect disappeared
1 year after transplantation (4). Saab ez 4/. (5) and Onaca
et al. (12) similarly reported that a higher MELD score
was associated with lower 1-year survival, but they did

© Annals of Palliative Medicine. All rights reserved.

not report an association with long-term survival or using
MELD as a survival predictor. Although the MELD
score is a convenient, reproducible, and objective tool for
LT allocation using biochemical variables such as serum
bilirubin, serum creatinine, and INR, it has limitations
because it was designed to predict outcome after the
transjugular intrahepatic portosystemic shunt procedure
in chronic liver disease (13). First, complications of portal
hypertension such as oesophageal variceal bleeding,
spontaneous bacterial peritonitis, ascites, and portosystemic
encephalopathy are not taken into account. Second, organ
allocation favours sicker patients when using the MELD
score, and this can lead to early post-transplant deaths and
wasting of donor livers (7). Third, although the MELD
score is objective, creatinine (one of the variables used) is
affected by factors such as co-morbid illnesses, muscle mass,
age, and exposure to nephrotoxic drugs, contrast agents, or
diuretics (14).

HE is a complication of portosystemic shunts associated
with liver failure and cirrhosis (15). Its neurochemical and
neurophysiological mechanisms are unknown, but ammonia
is considered an important factor (16). HE is characterized
by cognitive impairment and deficits of motor accuracy and
speed (17), and it occurs in 35-45% of patients undergoing
orthotopic LT (OLT) (18). Neurologic complications such
as encephalopathy, seizures, tremor, psychosis, and posterior
reversible encephalopathy syndrome may occur in 30% of
patients undergoing OLT, leading to high morbidity and
prolonged hospital stays (19,20). Although some studies
have shown that HE is not an independent factor affecting
short-term survival in patients with cirrhosis (21), studies
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Table 2 Factors associated with overall survival of patients who underwent DDLT (univariate analysis)

Variables Overall (n=110) Survival (n=72) Death (n=38) Hazard ratio (95% Cl) P value
Age (yr) 55.00 (48.25, 62.00) 55.00 (48.00, 60.25)  55.00 (50.00, 63.50)  1.032 (0.995, 1.071) 0.086
>65 16 (14.5) 5(10.6) 11 (17.5) 2.291 (1.083, 4.845) 0.030*
Gender

Male 74 (100.0%) 50 (67.6%) 24 (32.4%) 0.867 (0.448, 1.675) 0.67

Female 36 (100.0%) 22 (61.1%) 14 (38.9%)
Height (cm) 164.80 (8.53) 164.90 (8.16) 164.61 (9.32) 0.997 (0.960, 1.035) 0.858
Weight (kg) 62.77 (12.08) 63.37 (13.13) 61.65 (9.85) 0.991 (0.967, 1.016) 0.49
BMI (kg/m?) 23.70 (20.87,26.13)  23.69 (21.19,26.58)  23.70 (20.20, 25.32)  0.977 (0.908, 1.051) 0.538
Presence of HE 63 (100%) 36 (57.1%) 27 (42.9%) 1.954 (0.968, 3.943) 0.062
HE

Grade 2.00 (0.00, 3.00) 0.50 (0.00, 3.00) 3.00 (0.00, 3.00) 1.283 (1.020, 1.615) 0.033*

Mild 22 (100.0%) 15 (68.2%) 7 (31.8%) 1.426 (0.552, 3.681) 0.463

Severe 41 (100.0%) 21 (561.2%) 20 (48.8%) 2.245 (1.074, 4.690) 0.031*
MELD score

<25 36 (100.0%) 25 (69.4%) 11 (30.6%)

>25 74 (100.0%) 47 (63.5%) 27 (36.5%) 1.180 (0.585, 2.380) 0.643
C-P score 10.00 (9.00, 11.00) 10.00 (9.00, 11.00) 11.00 (9.25, 12.00)  1.143 (0.951, 1.374) 0.153
Etiology

Viral 52 (100.0%) 33 (63.5%) 19 (36.5%)

Alcohol 32 (100.0%) 19 (569.4%) 13 (40.6%) 1.146 (0.566, 2.323) 0.705

Autoimmune 5 (100.0%) 4 (80.0%) 1(20.0%) 0.525 (0.070, 3.926) 0.531

Cholestasis 4 (100.0%) 3 (75.0%) 1(25.0%) 0.744 (0.099, 5.573) 0.774

Miscellaneous 17 (100.0%) 13 (76.5%) 4 (23.5%) 0.556 (0.189, 1.635) 0.286
Hepatorenal syndrome 36 (100.0%) 23 (63.9%) 13 (36.1%) 1.139 (0.582, 2.227) 0.704
Hepatopulmonary syndrome 5 (100.0%) 1(20.0%) 4 (80.0%) 4.833 (1.695, 13.782) 0.003*
Serum albumin (g/dL) 3.20 (2.82, 3.60) 3.20 (2.82, 3.60) 3.20 (2.65, 3.70) 1.003 (0.594, 1.693) 0.992
INR 2.01(1.63, 2.62) 2.06 (1.55, 2.56) 1.94 (1.72, 2.90) 1.106 (0.749, 1.634) 0.613
Total bilirubin (mg/dL) 1.106 (0.749, 1.634)  10.80 (3.50, 23.57)  17.75(4.12,26.72)  1.011 (0.990, 1.033) 0.32
Serum sodium (mmol/L) 136.50 135.00 137.00 1.020 (0.976, 1.065) 0.38

(133.00, 140.75) (132.00, 140.25) (134.25, 140.75)

Serum creatinine (mg/dL) 1.03(0.68, 1.75) 1.00 (0.72, 1.65) 1.09 (0.68, 2.11) 1.219 (0.952, 1.562) 0.117
Duration of mechanical 9.00 (5.00, 18.75) 7.50 (3.75, 11.00) 20.00 (7.25,32.00)  1.023 (1.013, 1.034) 0.000*
ventilation (days)
Duration of admission (days) 56.50 (41.25, 85.00)  60.00 (43.00, 85.00)  49.00 (38.25, 86.75)  0.995 (0.988, 1.002) 0.176

Categorical variables expressed as number (%), non-normal continuous variables as median (Q1-Q3) and normal continuous variables as
mean + SD. *, P<0.05. BMI, body mass index; C-P, Child-Pugh; Cl, confidence interval; DDLT, deceased-donor liver transplantation; HE,
hepatic encephalopathy; INR, international normalized ratio; MELD, model for end-stage liver disease; NHE, non-hepatic encephalopathy.
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Figure 2 Survival probability based on severity of hepatic encephalopathy in the patients who underwent DDLT. The red line indicates

the non HE group, the green line indicates the mild HE (grade I, IT) group, and the blue line indicates the severe HE (grade III, IV) group.

Kaplan-Meier analysis with comparison among groups by log-rank test was carried out. The cumulative 1- and 3-year overall survival rates
were 80.9% and 78.7%, respectively, in non HE group, and 65.7% and 56.1%, respectively, in severe HE group (P=0.031). DDLT, deceased

donor liver transplantation; HE, hepatic encephalopathy.

Table 3 Hazard ratio of hepatic encephalopathy on overall
mortality of patients who underwent DDLT (multivariable analysis),
with adjustment for the gender and age

Variables Hazard ratio (95% Cl) P value
HE
Mild 1.312 (0.506, 3.402) 0.576
Severe 2.137 (1.018, 4.485) 0.045*

*, P<0.05. Cl, confidence interval; DDLT, deceased-donor liver
transplantation; HE, hepatic encephalopathy.

have proven that HE is useful as a predictor of survival in
end-stage liver disease (22,23). Among these, studies were
conducted on the effect of HE on post-transplant morbidity
and mortality in order to overcome the limitations of the
MELD score. According to You ez al., the sequelae of HE
are associated with severe HE (grade III, IV), and aggressive
treatment of HE prior to LT’ may improve outcomes (2).
In addition, Jo et 4l reported that pretransplant HE is
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significantly related to 30-day mortality in DDLT] and that
HE can be used as a predictor of survival (3).

According to our study, the mortality of the HE group
was significantly higher than that of the non-HE group,
and the hazard ratio for mortality with the presence of HE
was about twice that of the non-HE group. In addition,
survival was significantly decreased in the severe HE group
compared to the non-HE group. It was not possible to
prove HE as a predictor for mortality in DDLT, because
the area under the ROC for the grade of HE and mortality
was 0.63.However, the HR for mortality, which is more
than twice as high in the severe HE group as in the non-
HE group, suggests clinical significance of HE severity in
DDLT. Wong er al. suggested that grade III-IV HE at the
time of LT is related to lower survival. However, via status
1A prioritization, they excluded patients undergoing L'T" for
fulminant liver failure, and their study setting was different
from ours (24). Stewart et a/. reported that using overt HE
can improve MELD’s prognostic accuracy (22), and this
supports the results of our study. As in the results of the

Ann Palliat Med 2021;10(5):5171-5180 | http://dx.doi.org/10.21037/apm-21-21



5178

0.8

o
o

AUC=0.63

Sensitivity

I
~
1

0.2

0.04.#

T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Figure 3 The area under the receiving operating curve (ROC) for
the grade of HE with mortality. Dotted line represents the ROC
based on chance alone and has a c-statistic of 0.5. AUC, area under

the curve; HE, hepatic encephalopathy.

study by You ez al. (2), we showed no correlation between
the MELD score and severity of HE in patients undergoing
DDLT, and a MELD score >25 points had a mortality HR
of 1.18, making it difficult to assume clinical significance.
Therefore, in patients undergoing DDLT, regardless of the
MELD score, severity of HE may further affect the patient’s
postoperative outcome. According to Garcia-Martinez
et al., HE can cause permanent cognitive dysfunction after
LT, and they also reported that permanent brain injury by
HE can hinder recovery of consciousness and function of
the respiratory centre, increasing the time of ventilation
even though metabolic encephalopathy is corrected through
LT (25). In our study, duration of mechanical ventilation in
the HE group was 8 days longer than in the non-HE group.
In addition, HE may improve with medical treatment in the
early stages, but medical treatment becomes less effective
if the severity of HE increases and non-compensated
liver failure progresses. Some reports indicated that
cognitive function recovers 3 months after LT (26,27),
but neurocognitive deficits such as memory impairment,
psychomotor slowing, anxiety, and depression could
remain (2). Therefore, pharmacologic therapy such as non-
absorbable disaccharides (e.g., lactulose) and non-systemic
antibiotics (e.g. rifaximin) can be used in the gastrointestinal
tract to reduce the systemic levels of toxins produced by
ammonia, thereby reducing cerebral exposure, and this may
improve post-transplant outcome (28).
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However, there are problems in the assessment of
HE severity. Some clinicians consider fatigue, occasional
forgetfulness, and insomnia as HE symptoms, while others
do not; in some cases, drowsiness caused by sedative
medications is mistaken for a sign of HE (7). Therefore, it is
necessary to objectively evaluate brain function using tools
such as positron emission tomography and functional MR
imaging.

Unlike previous studies, ours is a long-term survival
study of more than 3 years in patients receiving DDLT
in a single institution. The study results can be clinically
applied as follows. First, measuring the objective brain
function evaluation index using tools such as positron
emission tomography and functional MR imaging during
LT allocation should be considered. Second, in patients
undergoing DDLT, the severity of HE can affect short-
and long-term mortality, and there is a difference in the
duration of postoperative ventilator use. It seems important
to recognize the neurological changes of HE prior to
transplant and to try to reduce the severity of HE through
medical treatment.

There are several limitations to our retrospective study
of HE. First, because HE is subject to the evaluator’s
judgment, different HE grades can be assigned to the same
patient. In this study, some HE grades were assigned by
the hepatologist immediately before surgery, but when
there was no description of HE grade, the data reviewers
assigned grade based on the clinical condition described
in the medical record. Grade can be overestimated by the
evaluator if severity of HE is applied to LT allocation, and
a quantitative and objective grading system for HE must be
established.

Second, treating HE may lessen its severity.
Unfortunately, the effect of a change in HE severity on
mortality was not investigated in this study. Nevertheless,
because the severity of HE just before surgery affects post-
transplant mortality, efforts to treat pretransplant HE
appear to be important.

Third, we confirmed that severe HE affects mortality,
but its usefulness as a predictor of post-transplant mortality
could not be determined due to small sample size. Although
there were no statistically significant differences, the
mortality HR for HE was more than twice that of non-
HE, and clinically significant. HE may prove useful as a
predictor with a larger sample size. Therefore, additional
data review is necessary.

In conclusion, our results demonstrated that severe HE
influences survival over 3 years in patients who underwent
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DDLT. Clinically, efforts could be made to reduce the
severity of HE before DDLT, and it may be necessary
to consider severity of HE rather than MELD score in
DDLT allocation. In addition, the sample size should be
increased, and prospective validation should be conducted
to determine the prognostic value of HE severity.
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