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Abstract

Background: Episodes of hepatic encephalopathy (HE) have been related to low survival rate.
However, the relation between its clinical evolution and mortality has not been assessed.
Methods: A retrospective analysis of 245 cirrhotic patients admitted for an acute episode of HE
(=grade 2] or who developed an HE episode after an upper gastrointestinal bleeding (UGIB)
event was performed to assess the relation between time in HE and transplant-free survival.
Results: Median (IQR,5_s5) time in HE was 48 h (24-96 h] in the whole cohort. Patients who
presented a longer time in HE (>48 h; n = 89) exhibited a lower transplant-free survival at 28
days (67.2% versus 88.9%, p < 0.001), 90 days (48.7% versus 73.8%, p < 0.001) and 365 days
(30.3% versus 53.2%, p < 0.001], as compared to those with less time in HE (<48 h;

n = 156). Survival rates remained significantly different, with lower percentages in the group
with time in HE >48 h, when comparing patients according to baseline HE grade (2 versus =3)
or model for end-stage liver disease (MELD] function (<15 versus >15). Time in HE was also
an independent risk factor for mortality at each time point, hazard ratio (HR) (95 Cl%) 28 days
2.59 (1.39-4.84); 90 days 1.98 (1.28-3.1) and 365 days 1.5 (1.08-2.19).

Conclusions: The duration of the acute HE episode determines survival in cirrhotic patients
independently of liver function and baseline HE grade.
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Introduction

Hepatic encephalopathy (HE) impacts on survival
and could be an ominous event in critically ill cir-
rhotic patients.! The first epidemiological studies
performed in cirrhotic patients with HE showed
survival probabilities at 1 and 3 years of 42% and
23% respectively.? A recent study confirmed
higher mortality rates at 28, 90 and 365 days in
decompensated cirrhotic patients suffering from
HE at hospital admission, when compared to
decompensated cirrhotic patients without HE.?

HE is not only a key factor in mortality, but also a
main concern for public health, because it
accounts for 100,000-115,000 yearly admissions
in the USA and is associated with high resource

utilization.* HE is also a main factor in quality of
life and daily functioning of cirrhotic patients,>¢
and it has been associated with a higher number of
road traffic accidents,’ even in its minimal clinical
spectrum.® In addition, the presence of acute-on-
chronic liver failure (ACLF) at hospital admission
involves a poor survival prognosis, but even in
patients with ACLF the presence of HE at admis-
sion confers a worse vital prognosis.?

Multiple drugs have been tested and are used in
overt HE: non-absorbable disaccharides, antibiotics
(rifaximin, paromomicin and neomicin), branched-
chain amino acids (BCRAAs) and ammonia scav-
engers. In many of the efficacy studies of these
drugs, the time that the patient remains in HE or
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BCRAA, branched-chain amino acids; HE, hepatic encephalopathy; OP, ornithine phenylacetate; UGIB, upper gastrointestinal

bleeding.

the time to present an improvement in the HE grade
have been used as relevant endpoints. Although the
relevance of these parameters seems obvious, their
association to survival has not been established.

In the present study, we aimed to assess whether
there was an association between the duration of
the acute HE episode and mortality.

Patients and methods

This is a retrospective analysis of patients who had
been admitted with an HE episode grade 2 or
above, or developed HE grade 2 or above during
hospitalization, belonging to six cohorts of patients
from two liver units (Hospital Vall d’Hebron,
Barcelona and Unit for the Clinical Management
of Digestive Diseases, Sevilla) (Figure 1).

Patient data from Barcelona were obtained from
four randomized trials on different therapies for
HE?®12 and from a prospective cohort of consecu-
tive cirrhotic patients with acute variceal bleeding

admitted to Hospital Vall d’Hebron (2004—
2015)!13 (Supplementary Material 1). Patients
from Sevilla were specifically recruited for this
study by including all the consecutive cirrhotic
patients admitted in the hospital during 2014
with an acute HE episode of grade =2. The pres-
ence of HE was diagnosed as an impairment of
cognition, consciousness or motor function in
patients with cirrhosis after exclusion of other
causes of mental disturbances. The severity of
HE was assessed according to the West Haven
scale.!* The study was approved by the ethics
committees of both hospitals (PR(AG)291/201);
the need for informed consent was waived by the
ethics committee.

Clinical parameters and definitions

At enrollment, the following data were collected:
clinical history (demographic data, previous dis-
ease, previous episodes of acute decompensation),
physical examination, laboratory measurements
and events that might be potential precipitating
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factors of HE, such as diuretic use (within 3
months prior to enrollment), presence of bacterial
infections, gastrointestinal hemorrhage or hypona-
tremia. Length of hospitalization and complica-
tions during hospitalization (infections, bleeding,
hepatorenal syndrome, recurrence of HE episode
during hospitalization and presence of ACLF)
were also recorded.

The time that a patient remained in overt HE
(grade =2) was defined as time in HE. Resolution
of HE was defined as an improvement in the HE
grade to grade 1 or to the absence of HE, as
defined in the clinical guidelines.15:16 Data were
recorded in 12 h time frames. A time in HE of 48
h was chosen as a cut-off based on the median
(IQR,5 ;5) time of HE resolution among the
whole cohort 48 h (24-96 h). A model for end-
stage liver disease (MELD) cut-off of 15 was cho-
sen in this study as an indicator of different liver
disease severity. The cut-off was selected based
on other studies showing a flat survival curve
(with survival rates of 100% at 3 months) in
patients with a MELD score below 15, while the
survival curves started to decrease within patients
with a MELD score >15 in a logarithmic man-
ner.!'” Moreover, other studies have showed a sig-
nificant correlation between observed and
predicted mortality curves among patients with a
MELD score between 10 and 19.!® For Child—
Pugh assessment only the hepatic synthetic and
portal elements of Child—Pugh were used (modi-
fied Child—Pugh) due to the fact that all the
patients included in the study presented with HE
grade =2 as per protocol. Three categories were
assessed according to the punctuation category: A
(4-6), B (7-9) and C (10-12).1° For the survival
analyses HE was divided into two categories:
moderate HE (grade 2) and severe HE (grades 3
and 4). Mortality and liver transplantation at 28,
90 and 365 days of follow up and causes of death
were also recorded.

Statistical analyses

Results are presented as frequencies and percent-
ages for categorical variables, means and standard
deviations for normal continuous variables and
median, quartile 1 and 3 for not normal continuous
variables. In all analyses, the significance level was
set at p < 0.05. Survival at 28, 90 and 365 days was
assessed with the Kaplan—-Meier method and the
log-rank Mantel-Cox test. For statistical analysis of
survival, we used transplant-free survival (based on

the consideration that transplantation at a given
time clearly modifies the probability of death of a
specific patient at each subsequent time point).
Factors showing a clinically and statistically signifi-
cant association to the outcome in univariate analy-
ses (Mantel-Cox test) were selected for the initial
models. The final models were fitted by using a
step-wise forward method based on model likeli-
hood ratios (Cox regression for survival analysis)
with the same significance level (p < 0.05) for
entering and dropping variables. The IBM SPSS
Statistics version 20.0 was used for statistical
calculation.

Results

A total of 245 patients were included (Figure 1):
146 patients (59.6%) with HE grade 2 and 99
patients (40.4%) with HE grade >2. Most
patients were males with alcohol as the predomi-
nant etiology of cirrhosis, and within modified
Child-Pugh class B; almost 85% of the patients
had presented with previous decompensation
(Table 1). The most frequent decompensation at
admission was ascites, followed by bacterial infec-
tion. Only 15.7% of the patients presented with
ACLF. Nearly 75% of the patients had used diu-
retics in the previous 3 months.

The median time that the patients stayed in overt
HE (time in HE) was 48 h (24-96) (Table 1).
Patients with HE grade 3/4 remained in HE for a
longer time when compared to patients with HE
grade 2.

Survival

The transplant-free survival for the whole cohort
was 78.4% at 28 days, 61.6% at 90 days and 42%
at 1 year. Patients who presented with HE grade
2 at admission exhibited higher survival rates than
those with grades 3/4 at any time point: 28 days
(84.4% versus 70.9%, p = 0.005), 90 days (70.0%
versus 50.9%, p = 0.002) and 365 days (47.4%
versus 35.5%, p = 0.027).

Patients who had longer than 48 h in HE exhib-
ited a lower transplant-free survival rate as com-
pared to those with a shorter time in HE (<48 h)
at 28 days (67.2% versus 88.9%, p < 0.001), 90
days (48.7% wersus 73.8, p < 0.001) and 365 days
(30.3% wersus 53.2%, p < 0.001) (Figure 2).
Similarly, patients who had a time in HE higher
than 24 h, 36 h or 72 h also exhibited a lower
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Table 1. Baseline characteristics of patients included in the study.

Characteristics Total n = 245
Age, mean (SD) 63.4(11.3)
Male, n (%) 177 (71.1)

Etiology, n (%)

A 117 (47.6)
VHC 71 (28.9)
Other 57 (23.5)

Previous decompensation, n (%)

Ascites 172 (69)

SBP 36 (14.5)

HRS 7(2.8)

UGIB 78 (31.3)

HE 130 (52.2)
Hepatocellular carcinoma 37 (14.9)

MELD score 18.4 (6.4)

Modified Child-Pugh, n (%) A

A/B/C 68 (31)/122 (55)/32 (14)

Analytical parameters, mean (SD)

Sodium mmol/L 133.3(6.8)
Bilirubin mg/dL 3.5 (4.1)
Albumin g/dL 2.71(0.7)
INR 1.75 (0.58)
Creatinine mg/dL 1.4 (0.9)

Medication during prior 3 months, n (%)

Diuretics 182 (73)

Beta-blockers 92 (36.9)
Non-absorbable disaccharides 126 (50.6)
Rifaximin or neomicin 39 (15.7)

Decompensations at admission, n (%)

Ascites 136 (54.6)
UGIB 66 (26)
HRS 7(2.8)
Infection 70 (28.1)
ACLF, n (%) 39 (15.7)

Baseline HE grade, n (%)
Grade 2 146 (59.6)

4 journals.sagepub.com/home/tag
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Table 1. (Continued)

Characteristics Total n = 245
Grade 3/4 99 (40.4)
Time in HE (hours), median IQR 25-75

Global 48 (24-96)
HE grade 2 48 (24-72)
HE grade 3/4 96 (48-148)*
Recurrence of HE during hospitalization e, n (%)

Global 40 (18.8%)
HE grade 2 28 (12

HE grade 3/4 12 (19)

ACLF, acute-on-chronic liver failure; HE, hepatic encephalopathy; HSR, hepatorenal syndrome; IQR, interquartile range;
MELD, model for end-stage liver disease; SBP, spontaneous bacterial peritonitis; SD, standard deviation; UGIB, upper

gastrointestinal bleeding.

# Patients not recovering from the first HE episode were not included (n = 32).

*p < 0.001 between HE grade 2 and 3/4.

A Child-Pugh was only calculated for patients with all the information available.

—Time in HE < 48h

Time in HE > 48h
06

0.4

Transplant free survival

0,0

T T T
200,00 300,00 400,00

365 days

T
oo 100,00

Figure 2. Transplant-free survival of patients
included in the study in relation to time in HE.
Patients with a time in HE >48 h versus those with
time in HE <48 h presented lower transplant-free
survival rates at any time point with *p < 0.001 at 28,
90 and 365 days.

HE, hepatic encephalopathy.

transplant-free survival rate as compared to those
with a shorter time in HE (<24 h, <36 hor <72 h)
(Supplementary Material 2).

The effect on survival of the time in HE was
maintained when patients were divided into

subgroups of liver function according to MELD
score. As seen in Figure 3(a), differences in sur-
vival were observed for all time points between
patients with shorter or longer time in HE among
the subgroup of patients with MELD =15 and
MELD >15. Remarkably the survival curves
between patients with a MELD score <15 and
time in HE >48 h and those with MELD score
>15 and time in HE <48 h showed a similar sur-
vival rate distribution.

Similarly, as depicted in Figure 3(b), the effect on
survival of the time in HE persisted when patients
were classified in subgroups according to baseline
HE grade. As observed, differences in survival were
seen at all time points between patients with <48 h
and >48 h in HE among the subgroups with base-
line HE grade 2 and with HE grades 3/4. Again, it
is worth mentioning that the survival curves
between patients with HE grades 3/4 and time in
HE =48 h and those with HE grades 2 and time in
HE >48 h showed a similar pattern (Figure 3(b)).

HE recurrence during hospitalization occurred in
40 patients (16.3%). Although transplant-free
survival rates were lower among patients with HE
recurrence during hospitalization compared to
patients without HE recurrence (28 days, 72.5%
versus 9.5; 90 days, 57.5% versus 62.4%; and 365
days, 30% versus 44.4%), the differences did not
reach statistical significance at any time point.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
http://tag.sagepub.com
http://journals.sagepub.com/doi/suppl/10.1177/1756283X17743419

Therapeutic Advances in Gastroenterology 11

a
@,

0,8

w®

2

2

3

@ 06
©

£

51

=

]

a 04+
) &
=

]

-

0,24 —  MELD< 15 and < 48h
——— MELD < 15 and >48h
~-eeeme= MELD > 15 and < 48h
~—-—- MELD > 15 and >48h

0,0

T T T T T
.00 90,00 180,00 270,00 360,00
(b) Follow up days
1,0
0,84
2
®
i
2 oo
0
i
-
-
& 04
&
©
L
[
0,24 — HE grade 2 and <48h
HE grade 2 and >48h
--HE grade 3 or 4 and <48h
HE grade 3 or 4 and >48h
0,04

T I I I
00 100,00 200,00 300,00 400,00

Follow up in days

Figure 3. (a) Transplant-free survival of patients included in the study in relation to time in HE and MELD
score; [b) transplant-free survival of patients included in the study in relation to time in HE and HE grade.

(a) *p values comparing time in HE, longer versus shorter than 48 h within patient with MELD score <15, at 28 days (80%
versus 97.6%, p = 0.012), 90 days (68.6% versus 87.8%, p = 0.03) and 365 days (48.6% versus 68.3%, p = 0.072).

**p values comparing time in HE, longer versus shorter than 48 h within patient with MELD score >15, at 28 days (61.9%
versus 84.3%, p = 0.002), 90 days (40.5% versus 66.3%, p < 0.001) and 365 days (22.6% versus 45.8% p < 0.001).

(b) *p values comparing time in HE longer versus shorter than 48 h within patient with HE grade 2, at 28 days (72.3% versus
88.9%, p = 0.021), 90 days (57.4% versus 75.8%, p = 0.013) and 365 days (34% versus 54.5%, p = 0.004).

**p values comparing time in HE, longer versus shorter than 48 h within patient with HE grades 3/4, at 28 days (63.9% versus
88.9%, p = 0.015), 90 days (43.1% versus 66.7%, p = 0.018) and 365 days (27.8% versus 48.1% p = 0.037).

Risk factors for mortality at 28, 90 and 365 days and time in HE. Age was only a risk factor at 365
were MELD score, presence of ACLF, HE degree  days. Only MELD score and time in HE remained
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Table 2. Risk factors for short-, medium- and long-term follow up in patients with HE grade =2; multivariate analysis.

28 days 90 days 365 days

HR (95 Cl1%) p-value HR (95 Cl1%) p-value HR (95 Cl1%) p-value
MELD score 1.12 (1.07-1.16) <0.001 1.09 (1.06-1.13) <0.001 1.08 (1.04-1.11) <0.001
Time in HE 2.53 (1.35-4.73) 0.004 2.02 (1.31-3.12) 0.001 1.54 (1.08-2.19) 0.017
Age - - - - 1.02 (1.01-1.04) 0.005
ACLF - - - - 1.71 (1.06-2.74) 0.027

ACLF, acute-on-chronic liver failure; HE, hepatic encephalopathy.

significant in the multivariate analysis at any time
point (Table 2). The main cause of death during
follow up was cirrhosis-related complications
(63%), being the most common HE (21.8%), fol-
lowed by infections (14%); up to 20% died from
extrahepatic causes and 13% of the patients
underwent a liver transplant.

Comparison of clinical characteristics between
patients with a time in HE >48 h and <48 h

In total, 106 patients recovered within the first 48
h, while up to 119 patients presented a time in HE
longer than 48 h (Table 3). MELD score and per-
centage of Child—Pugh A, B and C patients did not
differ across both groups; creatinine levels were
slightly higher in the HE >48 h group. No sex, age
or differences in the main cirrhosis etiologies differ-
ences were detected between both groups. Similar
percentages of previous decompensations at admis-
sion were observed and up to 26% of patients in the
HE >48 h group presented with ACLF (11 patients
grade I, 10 grade II and 5 grade III), as compared
to 10.3% in the other group (9 patients grade I, 2
grade II and 2 grade III) (p = 0.014). Remarkably,
the use of rifaximin during the previous 3 months
to admission was significantly higher among
patients with a time in HE <48 h (21.4%), as com-
pared to patients with time in HE >48 h (10.9%),
even though the proportion of previous HE events
were similar between both groups. Up to 60.5% of
the patients with a time in HE >48 h exhibited HE
grades 3/4 at admission, while it was present in only
22% of the patients with a time in HE <48 h;
although these differences are relevant, as showed
in Figure 3(b), survival was influenced by time in
HE independently of HE grade at admission.

Discussion
The results of the present study indicate that the
time that a cirrhotic patient remains in overt HE

during an acute episode is a clinically relevant
parameter with strong prognostic implications.
This effect is equally observed when patients with
different baseline HE grades (grade 2 wversus
grades 3/4) were analyzed separately. Indeed,
patients with HE grade 2 who remained in HE for
>48 h presented similar survival rates to patients
with HE grades 3/4 and short durations of the HE
episode (Figure 3(b)).

Perhaps more remarkable is the fact that the influ-
ence of time in HE on survival seems to be inde-
pendent of the baseline liver function. This is
highlighted by the results of the multivariate anal-
ysis, but especially by analyzing separately the
effect of time in HE in the subgroups of patients
with low (=<15) and high MELD scores (>15).
Again, it is worth emphasizing that patients with
better liver function (MELD <15) who remained
in HE for >48 h showed almost equal survival
curves to patients with worse liver function and a
shorter time in HE (Figure 3(a)). In fact, the
effect of time in HE >48 h on survival in the
short, medium and long term is also present when
we increase the MELD cut-off point to 21, a vali-
date cut-off in patients with alcoholic hepatitis,2°
one of the deadliest complications in alcoholic
cirrhotic patients. Once more, patients who
remained in HE for >48 h exhibited higher mor-
tality rates at any time point. Interestingly,
patients with better liver function (MELD <21)
who remained in HE for >48 h showed almost
equal survival curves to patients with worse liver
function and a shorter time in HE (data not
shown). This again supports the statement that
time in HE is an independent mortality risk
factor.

The appearance of HE during the course of the
natural history of cirrhosis negatively impacts on
the survival of patients. This is not only due to the
mortality associated with the acute HE episode,
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Table 3. Characteristics of patients by time in HE <48 h or >48 h.

Characteristics <48 h >48 h
=126 n=119

Age, mean (SD) 62.5(10.9) 64.3(11.3)

Male, n (%) 89 (70.¢) 88 (73.9)

Etiology, n (%)

OH 59 (46.8) 58 (48.7)
VHC 38(30.2) 33 (27.7)
Other 29 (23] 28 (23.4)

Previous decompensation, n (%)

Ascites 85 (67.5) 87 (73.1)
SBP 15(11.9) 21 (17.6)
HRS 2(1.6) 5(4.2)
UGIB 40 (31.7) 38(31.9)
HE 72 (57.1) 58 (48.7)
Hepatocellular carcinoma 17 (13.5) 20 (18.8)
MELD score, mean (SD) 18 (6) 19 (6)

Modified Child-Pugh, n (%) A

A 41 (36.6) 27 (24.5)
B 59 (52.7) 63 (57.3)
C 12 (11) 20(18.2)

Baseline HE grade, n (%)
Grade 2 99 (78.5) 47 (39.5)*
Grades 3/4 27 (21.5) 72 (60.5)*

Analytical parameters, mean (SD)

Sodium mmol/L 133 (6.6) 132 (7)
Bilirubin mg/dL 3.5(4.7) 3.3(3.3)*
Albumin g/dL 2.8(0.7) 2.6 (0.7)
INR 1.7 (0.6) 1.7 (0.6)
Creatinine mg/dL 1.2(0.88) 1.5 (1)*

Medication during prior 3 months, n (%)

Diuretics 94 (74.6) 88 (73.9)
Beta-blockers 45 (35.7) 47 (39.5)
Non-absorbable disaccharides 67 (53.2) 59 (49.6)
Rifaximin or neomicin 27 (21.4) 13 (10.9)*

Decompensations at admission, n (%)

Ascites 65(51.6) 71 (60.2)

8 journals.sagepub.com/home/tag
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Table 3. (Continued)

Characteristics <48 h >48 h
n=126 n=119
UGIB 37 (29.4) 29 (24.4)
HRS 0 7 (5.9)*
Infection 30 (23.8) 39 (32.8)
ACLF, n (%) 13 (10.3) 26 (21.8)*
Precipitant factors, n (%)
None identified 18 (14.3) 21 (17.6)
Single 3(2.7) 7(6.7)
Multiple 108 (85.7) 98 (82.4)
Multiple precipitant factors, n (%) ¢
UGIB 37 (29.4) 29 (24.4)
Infections 30(23.8) 39 (32.8)
Constipation 29 (23) 26 (21.8)
Diuretic use 94 (74.6) 88 (73.9)

ACLF, acute-on-chronic liver failure; HE, hepatic encephalopathy; HSR, hepatorenal syndrome; IQR, interquartile range;
MELD, model for end-stage liver disease; SBP, spontaneous bacterial peritonitis; SD, standard deviation; UGIB, upper

gastrointestinal bleeding.

¢ Column percentages account for >100% because all the patients included in this section have more than one

precipitant factor.
*p < 0.05.

A Child-Pugh was only calculated for patients with all the information available.

but also because HE is an expression of a deterio-
rated liver function. Most clinicians would agree
that the shorter the time the patient is in overt
HE, the better; the longer the time the patient
remains at a low level of consciousness, the higher
the probabilities of serious complications (bron-
choaspiration, infection, etc.). Although these are
reasonable empirical assumptions, it has never
been analyzed and proved that the length of time
cirrhotic patients persists in overt HE has a direct
impact on survival rates. From our data, it can be
concluded that there is a 20% decrease in survival
rates among patients who persist in HE for >48 h
at short-, medium- and long-term follow up.

Our study also has other important implications
for clinical trials assessing the effects of new drugs
on HE. As already known, multiple drugs have
been tested in clinical trials and are currently used
for HE: non-absorbable disaccharides,?! antibiot-
ics (rifaximin, paromomicin and neomycin),??
BCRAA,??> and ammonia scavengers.!22425 The

primary endpoint of the different intervention
studies in HE has been variable. Some studies
have utilized as the main endpoint surrogate ana-
lytical parameters, such as ammonia plasma lev-
els.12:26:27 A few studies have included mortality as
one of the secondary endpoints, but never as the
primary endpoint.%22:28 Finally, the most common
primary endpoint evaluated in clinical trials of HE
has been the reduction in the time to HE resolu-
tion or to HE improvement. This was used as a
primary objective in the first HE clinical trial with
lactulose?® and it has been repeatedly utilized in
most clinical trials in patients with overt HE, inde-
pendently of the tested drugs.3°-3° In this context,
the data obtained from our study become highly
relevant for establishing a direct relation with
mortality, and suggest that any tested drug that
significantly decreases the rate of patients with
time in HE >48 h could have a potential impact
on overall survival. Similarly, patients who pre-
sented a time in HE higher than 24 h, 36 h or 72 h
also exhibited a lower transplant-free survival rate
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as compared to those with a shorter time in HE
(<24 h,36 hor72h)

It is important to highlight that the use of rifaxi-
min during the previous 3 months to admission
was significantly higher among patients with a
time in HE =48 h (21.4%), as compared to
patients with time in HE >48 h (10.9%). This
was partially explained by the fact that the use of
rifaximin as a secondary HE prophylaxis was
approved after 2010,3” and up to 50% of the
patients in our cohort were admitted before 2010.
The use of rifaximin during the months prior to
the HE episode might play a role in the duration
of the HE episode, but unfortunately we do not
have data regarding the compliance with medica-
tions prior to the inclusion in the different
studies.

Our study has some limitations. The most impor-
tant is probably the retrospective nature of the anal-
ysis, especially for the Barcelona patients. Although
most of the Barcelona data originated from pro-
spective clinical trials, ensuring the quality of the
data, these trials were not designed to specifically
evaluate time in overt HE. Consequently, unwanted
bias or mistakes retrieving the data cannot be
excluded. Also, the fact that the information about
the time in HE was recorded in 12 h time frames,
although it has facilitated the analysis, could have
caused a loss of accuracy and, again, selection bias.
Despite these limitations, we feel a strength of the
study is the fact that the effect of time in overt HE
on mortality seems to be consistently similar at
every time point, in patients with different baseline
HE grades, and in patients with different baseline
liver function.

In summary, the present study indicates that the
time that a cirrhotic patient remains in overt HE
during an acute episode correlates with survival,
and therefore it could be used as a surrogate for
mortality in clinical trials of HE.

Funding

MST is a recipient of a Rio Hortega grant from
Instituto de Salud Carlos III, Spain. JG is a recip-
ient of a Research Intensification grant from
Instituto de Salud Carlos III, Spain. MVC is a
recipient of a scholarship grant for study exten-
sion abroad, sponsored by the Spanish Association
for the Study of the Liver. The study was partially
funded by grants PI14/00331 and PI15/00066
from Instituto de Salud Carlos III, Spain and

co-funded by European Union (ERDF/ESF,
‘Investing in your future’). CIBERehd is sup-
ported by Instituto de Salud Carlos III, Spain.

Conflict of interest statement
The authors declare that there is no conflict of
interest.

References
1. Romero-Gomez M, Montagnese S and Jalan R.
Hepatic encephalopathy in patients with acute
decompensation of cirrhosis and acute-on-chronic
liver failure. ¥ Hepatol 2015; 62: 437-447.

2. Bustamante J, Rimola A, Ventura PJ, et al.
Prognostic significance of hepatic encephalopathy
in patients with cirrhosis. ¥ Hepatol 1999; 30:
890-895.

3. Cordoba J, Ventura-Cots M, Simon-Talero M,
et al. Characteristics, risk factors, and mortality
of cirrhotic patients hospitalized for hepatic
encephalopathy with and without acute-on-
chronic liver failure (ACLF). ¥ Hepatol 2014; 60:
275-281.

4. Stepanova M, Mishra A, Venkatesan C, er al.
In-hospital mortality and economic burden
associated with hepatic encephalopathy in
the United States from 2005 to 2009. Clin
Gastroenterol Hepatol 20123 10: 1034-1041.

5. Roman E, Cordoba J, Torrens M, ez al. Falls
and cognitive dysfunction impair health-related
quality of life in patients with cirrhosis. Eur ¥
Gastroenterol Hepatol 2013; 25: 77-84.

6. Roman E, Cordoba ], Torrens M, et al. Minimal
hepatic encephalopathy is associated with falls.
Am F Gastroenterol 20115 106: 476-482.

7. Bajaj JS, Saeian K, Schubert CM, er al. Minimal
hepatic encephalopathy is associated with motor
vehicle crashes: the reality beyond the driving
test. Heparology (Baltimore, Md) 2009; 50:
1175-1183.

8. Cordoba J and Lucke R. Driving under the
influence of minimal hepatic encephalopathy.
Hepatology (Baltimore, Md) 2004; 39:
599-601.

9. Simon-Talero M, Garcia-Martinez R, Torrens
M, er al. Effects of intravenous albumin in
patients with cirrhosis and episodic hepatic
encephalopathy: a randomized double-blind
study. ¥ Hepatol 2013; 59(6):1184-1192.

10. Cordoba J, Lopez-Hellin J, Planas M, ez al.
Normal protein diet for episodic hepatic

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

M Ventura-Cots, | Carmona et al.

encephalopathy: results of a randomized study. ¥
Hepatol 2004; 41: 38—43.

11. Les I, Doval E, Garcia-Martinez R, er al. Effects
of branched-chain amino acids supplementation
in patients with cirrhosis and a previous episode
of hepatic encephalopathy: a randomized study.
Am F Gastroenterol 20115 106: 1081-1088.

12. Ventura-Cots M, Concepcion M, Arranz JA,
et al. Impact of ornithine phenylacetate (OCR-
002) in lowering plasma ammonia after upper
gastrointestinal bleeding in cirrhotic patients.
Therap Adv Gastroenterol 20165 9: 823—835.

13. Augustin S, Altamirano J, Gonzalez A, ez al.
Effectiveness of combined pharmacologic and
ligation therapy in high-risk patients with acute
esophageal variceal bleeding. Am ¥ Gastroenterol
2011; 106: 1787-1795.

14. Conn HO and Bircher J. Hepatic encephalopathy:

syndromes and therapies. Bloomington, IL.:
Medi-Ed, 1994.

15. Dharel N and Bajaj JS. Definition and
nomenclature of hepatic encephalopathy. ¥ Clin
Exp Heparol 2015; 5(Suppl. 1): S37-S41.

16. Vilstrup H, Amodio P, Bajaj ], et al. Hepatic
encephalopathy in chronic liver disease: 2014
Practice Guideline by the American Association
for the Study of Liver Diseases and the European
Association for the Study of the Liver. Hepatology
(Baltimore, Md) 2014; 60: 715-735.

17. Wiesner R, Edwards E, Freeman R, et al.
Model for end-stage liver disease (MELD) and
allocation of donor livers. Gastroenterology 2003;
124: 91-96.

18. Said A, Williams J, Holden ], ez al. Model for end
stage liver disease score predicts mortality across
a broad spectrum of liver disease. ¥ Hepatol 2004;
40: 897-903.

19. OceraTherapeutics. Multicenter, randomized
phase 2B study to evaluate the efficacy, safety and
tolerability of OCR-002 (ornithine phenylacetate)
in hospitalized patients with cirrhosis and
associated hyperammonemia with an episode
of hepatic encephalopathy. STOP-HE study.
EudratCT 2013-005412-10, 2015.

20. Dunn W, Jamil LH, Brown LS, ez al. MELD
accurately predicts mortality in patients with
alcoholic hepatitis. Hepatology (Baltimore, Md)
2005; 41: 353-358.

21. Gluud LL, Vilstrup H and Morgan MY.
Non-absorbable disaccharides versus placebo/
no intervention and lactulose versus lactitol
for the prevention and treatment of hepatic

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

encephalopathy in people with cirrhosis. Cochrane
Database Syst Rev 20165 4: CD003044.

Sharma BC, Sharma P, Lunia MK, ez al. A
randomized, double-blind, controlled trial
comparing rifaximin plus lactulose with
lactulose alone in treatment of overt hepatic
encephalopathy. Am ¥ Gastroenterol 20135 108:
1458-1463.

Gluud LL, Dam G, Borre M, et al. Oral
branched-chain amino acids have a

beneficial effect on manifestations of hepatic
encephalopathy in a systematic review with meta-
analyses of randomized controlled trials. ¥ Nuzr
2013; 143: 1263-1268.

Ventura-Cots M, Arranz JA, Simon-Talero

M, et al. Safety of ornithine phenylacetate in
cirrhotic decompensated patients: an open-
label, dose-escalating, single-cohort study. ¥ Clin
Gastroenterol 2013; 47: 881-887.

Gluud LL, Dam G, Borre M, et al. Lactulose,
rifaximin or branched chain amino acids for
hepatic encephalopathy: what is the evidence?
Metab Brain Dis 2013; 28: 221-225.

Kircheis G, Nilius R, Held C, er al. Therapeutic
efficacy of L-ornithine-L-aspartate infusions

in patients with cirrhosis and hepatic
encephalopathy: results of a placebo-controlled,
double-blind study. Hepatology (Baltimore, Md)
1997; 25: 1351-1360.

Sushma S, Dasarathy S, Tandon RK, ez al.
Sodium benzoate in the treatment of acute
hepatic encephalopathy: a double-blind
randomized trial. Hepatology (Baltimore, Md)
1992; 16: 138-144.

Ahmad I, Khan AA, Alam A, et al. L-ornithine-
L-aspartate infusion efficacy in hepatic
encephalopathy. ¥ Coll Physicians Surg Pak 2008;
18: 684-687.

Elkington SG, Floch MH and Conn HO.
Lactulose in the treatment of chronic portal-
systemic encephalopathy: a double-blind clinical
trial. N Engl ¥ Med 1969; 281: 408—412.

Rahimi RS, Singal AG, Cuthbert JA, et al.
Lactulose vs polyethylene glycol 3350:
electrolyte solution for treatment of overt hepatic
encephalopathy — the HELP randomized clinical
trial. JAMA Intern Med 20145 174:

1727-1733.

Stauch S, Kircheis G, Adler G, et al. Oral
L-ornithine-L-aspartate therapy of chronic
hepatic encephalopathy: results of a placebo-
controlled double-blind study. ¥ Hepatol 1998;
28: 856—-864.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
http://tag.sagepub.com

Therapeutic Advances in Gastroenterology 11

32.
33.
Visit SAGE journals online
journals.sagepub.com/ 34.
home/tag
®SAGE journals

Mas A, Rodes ], Sunyer L, er al. Comparison of
rifaximin and lactitol in the treatment of acute
hepatic encephalopathy: results of a randomized,
double-blind, double-dummy, controlled clinical
trial. ¥ Hepatol 2003; 38: 51-58.

Williams R, James OF, Warnes TW, ez al.
Evaluation of the efficacy and safety of rifaximin
in the treatment of hepatic encephalopathy: a
double-blind, randomized, dose-finding multi-

centre study. Eur ¥ Gastroenterol Hepatol 2000; 12:

203-208.

Poo JL, Gongora J, Sanchez-Avila F, ez al.
Efficacy of oral L-ornithine-L-aspartate in
cirrhotic patients with hyperammonemic hepatic

35.

36.

37.

encephalopathy: results of a randomized,
lactulose-controlled study. Ann Hepatol 2006; 5:
281-288.

Takuma Y, Nouso K, Makino Y, et al. Clinical
trial: oral zinc in hepatic encephalopathy. Aliment
Pharmacol Ther 2010; 32: 1080-1090.

Laccetti M, Manes G, Uomo G, et al. Flumazenil
in the treatment of acute hepatic encephalopathy
in cirrhotic patients: a double blind randomized
placebo controlled study. Dig Liver Dis 2000; 32:
335-338.

Bass NM, Mullen KD, Sanyal A, ez al. Rifaximin
treatment in hepatic encephalopathy. N Engl ¥
Med 2010; 362: 1071-1081.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag

