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Abstract

Covert hepatic encephalopathy (CHE) impairs patient quality of life and occurs in approxi-
mately 30% of liver cirrhosis (LC) cases. Japanese clinical practice guidelines recommend
rifaximin to treat overt HE (OHE). However, the usefulness of rifaximin against CHE is not
thoroughly investigated in Japanese patients. We aimed to investigate the efficacy of rifaxi-
min against hyperammonemia and CHE in Japan. We observed 102 patients with HE show-
ing hyperammonemia secondary to LC and examined various biochemical and behavioral
parameters following rifaximin treatment. CHE was diagnosed when the patients exhibited
two or more abnormal neuropsychological test (NPT) scores but did not indicate OHE symp-
toms. In the 102 cases, a significant therapeutic effect of rifaximin on hyperammonemia was
observed from 2 to 48 weeks after starting treatment. Excluding 10 patients diagnosed with
OHE upon starting rifaximin treatment, 12 of the 92 remaining patients (11.8%) transitioned
to OHE within 1 year. The 1 year cumulative OHE transition rate was 14.5%. Among the 24
patients with CHE diagnosed by the NPT for whom NPT results could be evaluated at 4 and
12 weeks after starting treatment, 10 (41.6%) had recovered from CHE at 12 weeks. When
the factors contributing to recovery from CHE were examined by multivariate analysis, an
ammonia level <129 ug/dL was a significant factor. Rifaximin was thus significantly effective
against both hyperammonemia and CHE in Japanese patients.

Introduction

Hepatic encephalopathy (HE) is a neuropsychiatric syndrome caused by chronic liver condi-
tions including cirrhosis, acute liver failure, and portosystemic shunts. Symptoms such as per-
sonality changes and sleep rhythm disorders may occur early. However, asterixis and impaired
consciousness can manifest in the advanced stage, leading to coma and death [1, 2]. The West
Haven Criteria (WHC) [1] and International Society of Hepatic Encephalopathy (ISHEN) [3]
classification systems are commonly used to classify HE progression. In the Liver Cirrhosis
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Clinical Practice Guidelines [4] published in Japan in 2020, HE is described as overt (OHE) or
covert (CHE) based on the ISHEN classification. Furthermore, CHE is classified as either first-
degree or minimal hepatic encephalopathy (MHE) according to the WHC; it can be diagnosed
in the absence of conspicuous symptoms, such as asterixis.

CHE is often not appropriately diagnosed in the clinical setting. MHE reportedly occurs in
approximately 30% of the cases of liver cirrhosis [5]. Furthermore, since the transition from
MHE to OHE is observed at a certain rate and can cause the deterioration of automobile driv-
ing skills or quality of life [6], the appropriate and timely diagnosis of CHE is considered essen-
tial. Various quantitative methods for diagnosing CHE have been reported. Along with the
psychometric hepatic encephalopathy score [1] and the animal naming test [7], neuropsycho-
logical tests (NPT) [8] comprise a widely accepted quantitative method, especially in Japan. An
NPT application that can be inspected on a touch screen tablet has been made available by The
Japan Society of Hepatology. In this application, eight tests [number connection test-A and -B,
a figure position test, a digit symbol test, a block design test, and Reaction test-A, B, and C]
could be performed in the previous version; however, six tests (Stroop test instead of Reaction
test -A, B and C) can be performed in the latest version.

In addition to diagnostic tools, treatment options for HE are crucial. Synthetic disaccharide
laxatives, such as lactulose, are standard treatments for OHE; however, the use of laxatives is
often difficult because of their poor palatability and side effects, such as diarrhea. Rifaximin
was first developed in Italy in 1985 and has been available for OHE treatment in Europe and
the United States since 2010 [9, 10]. In Japan, this drug has been approved for HE treatment
since September 2016 [11]. In the Liver Cirrhosis Clinical Practice Guidelines [4], rifaximin is
recommended as a second-line HE treatment following synthetic disaccharide laxative use.
However, this drug is a poorly absorbed antibiotic that directly suppresses ammonia produc-
tion by the gut microbiota. It has been widely used in Europe and the United States, but its
therapeutic effects have not been investigated in Japan. Particularly, its effectiveness against
CHE has not yet been sufficiently evaluated. In this study, we investigated the efficacy of rifaxi-
min against hyperammonemia and CHE diagnosed using NPT in a Japanese population.

Materials and methods
Study design and participants

This was a prospective observational cohort study. We enrolled patients with liver cirrhosis
(LC) who were diagnosed with HE by an attending physician and prescribed rifaximin at Hok-
kaido University Hospital between January 2018 and July 2021. LC was diagnosed by liver
biopsy, Fibroscan data, radiologic findings, such as computed tomography or magnetic reso-
nance imaging, and laboratory data, according to a previous report [12]. The inclusion criteria
were as follows: age > 20 years, blood ammonia level > 70 pg/dL, and HE diagnosis as deter-
mined by the attending physician. HE grading was diagnosed based on an interview and medi-
cal examination. First-degree encephalopathy was judged extensively on the basis of changes
in behavioral patterns and the mental status during daily life activities using the WHC. The
exclusion criteria were the presence of tuberculosis (pulmonary and other forms); pregnancy
or lactation; diagnosis of pseudomembranous enteritis and other psychiatric disorders, such as
apparent dementia; acute liver failure; and a judgment of ineligibility by the attending physi-
cian. Written informed consent was obtained from all participants.

As shown in Fig 1, this study was conducted based on two cohorts. In cohort 1, we investi-
gated the therapeutic effect of rifaximin on hyperammonemia in all eligible cases. Additionally,
the rates of transition to OHE in non-OHE cases were analyzed. In cohort 2, we investigated
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Registered cases
(n=119) Excluded cases (n =17)

Transferred or died within 2 weeks (n = 10)

Discontinuation owing to side effects within 2 weeks(n=4)

Discontinuation owing to improvement within 2weeks(n=1)

Cohort 1 Switching from other poorly absorbable antibiotics (n = 2)
Eligible cases
(n=102)
Non-OHE cases OHE cases
(n=92) (n=10)
Cohort 2

CHE cases diagnosed by NPT and
NPT performed 4 and 12 weeks
after the start of rifaximin (n = 24)

Fig 1. Patient flow chart. Flowchart indicating patient classification. NPT, neuropsychological tests; OHE, overt
hepatic encephalopathy; CHE, covert hepatic encephalopathy.

https://doi.org/10.1371/journal.pone.0270786.9001

the therapeutic effect of rifaximin on CHE in patients who were diagnosed with CHE by NPT
and agreed to NPT at 4 and 12 weeks after treatment with rifaximin.

Patient follow-up and additional treatment

The registered patients underwent blood tests before starting rifaximin treatment. Clinical
symptoms, including asterixis, were evaluated. OHE was diagnosed according to the ISHEN
criteria [3] and was defined by symptoms such as asterixis and disorientation. Background clin-
ical data and the history of OHE were determined from interviews and clinical records. In cases
where computed tomography data were available before starting treatment, muscle volume loss
was determined by the simple method of examining the iliopsoas muscle at the third lumbar
vertebra level using the Japanese Society of Hepatology criteria [13]. Additionally, the computed
tomography data were used to determine the presence of a portosystemic shunt (>5 mm), and
the maximum diameter was measured. In cohort 1, blood samples were tested for ammonia lev-
els and other clinical parameters, and an evaluation of the presence of OHE was conducted at 2,
4,8, 12, 24, 36, and 48 weeks after starting treatment. Ammonia levels following the treatment
were evaluated until rifaximin was discontinued, additional treatment for HE was initiated, or
the dose of concomitant medications were increased to eliminate the effects of other treatments.
Specifically, patients who received additional treatment or discontinued rifaximin were ana-
lyzed as censored. Additional treatment included the administration of synthetic disaccharides,
other nonabsorbable antibiotics, branched-chain amino acids (BCAAs), zinc, and L-carnitine,
as well as clinical procedures such as interventional shunt occlusion (such as balloon-occluded
transfemoral obliteration) and partial splenic embolization. No additional nutritional counsel-
ing was provided for hyperammonemia during the observation period.

NPT and CHE diagnosis

In cohort 2, NPT were performed before treatment and at 4 and 12 weeks after treatment for
patients who consented to further evaluation. The test was performed on a touch screen tablet
using an application [8] developed by the Japanese Society of Hepatology. Medical staff
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assisted with the operation to eliminate the bias caused by user error. The cut-off score of each
test was determined using the reference value for each age group, according to a previous
report [8]. Among the tests included in the NPT, four tests (number connection tests A and B,
digit symbol test, and block design test) were used to evaluate CHE. According to previous
reports [1, 5, 14], CHE was diagnosed when the results of two or more of the NPT were abnor-
mal and when the patient did not present symptoms that are characteristic of OHE, such as
asterixis or disorientation. The proportion of patients with CHE before treatment and the pro-
portion of patients who recovered from CHE after rifaximin administration were examined.
Patients receiving additional treatment after the start of rifaximin were defined as not showing
recovery from CHE, even if the NPT score improved over time.

Ethical considerations

The study protocol was approved by the institutional ethics committee of Hokkaido University
(Trial Number: 017-0313) and conformed to the ethical guidelines of the Declaration of Hel-
sinki. Written informed consent was obtained from all patients. The study was registered in
the UMIN Clinical Trials Registry (UMIN000044146).

Statistical analysis

The Mann-Whitney U test was used to compare the data between two groups and analyze
continuous variables. Fisher’s exact test was used for the univariate analysis of categorical inde-
pendent variables. Logistic regression and multivariate analyses were used for categorical inde-
pendent variables. Receiver operating characteristic (ROC) curves were drawn to determine
the optimal cut-off values for multivariate analysis. For the time course of a variable, the Wil-
coxon signed-rank test was used for testing the significant difference between the two points.
The rate of transition to OHE was analyzed using Gray’s test. All statistical analyses were per-
formed using EZR software [15].

Results
Patient characteristics

Fig 1 shows the patient classification flowchart. Rifaximin administration was started for 119
patients with LC who exhibited hyperammonemia during the observation period. Within 2
weeks, 10 of these patients had died or were transferred to different hospitals. Treatment was
discontinued for four patients within 2 weeks owing to side effects, as determined by the
attending physician as follows: one developed constipation (grade 2), two developed a rash
(grade 2), and one developed fatigue (grade 2). All patients recovered, and no other physical
disorders or ailments were observed. Treatment of one patient was discontinued within 2
weeks following an assessment by the attending physician, who concluded that HE had
improved in the patient. Additionally, two patients switched to rifaximin from other nonab-
sorbable antibiotics. Therefore, these 17 patients were excluded from further evaluation. We
analyzed changes in the ammonia levels of the remaining 102 patients who received continu-
ous rifaximin for 2 weeks or longer as cohort 1. Table 1 presents patient characteristics. Rifaxi-
min was administered three times daily. The starting dose was 1200 mg for 98 patients
(96.1%). The median patient age was 67 years, with 61.8% of the study group comprising men.
Regarding background liver diseases, 24 and 16 patients had hepatitis B virus and hepatitis C
virus infections, respectively. The remaining 56 patients had non-B, non-C liver disease. More-
over, 28 patients (27.3%) exhibited advanced hepatocellular carcinoma based on the Milan cri-
teria [16]. The Child-Pugh grade was A for eight cases, B for 69 cases, and C for 25 cases,
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Table 1. Baseline characteristics of patients (Cohort 1).

Number 102
Sex, male n (%) 63 (61.8)
Age (years) * 67 (20-83)

Body mass index (kg/m?)

24.1 (16.8-40.9)

Etiology, n (%)

Hepatitis B virus 24 (23.5)

Hepatitis C virus 16 (15.7)

Alcohol 17 (16.7)

Non-alcoholic steatohepatitis 23 (22.5)

Others or Unknown 22 (21.6)
HCC, up to the Milan criteria, n (%) 28 (27.5)
Child-Pugh grade (A/B/C) 8/69/25
MELD score (points) * 11 (6-32)
Starting dose of rifaximin, 1200 mg n (%) 98 (96.1)
History of OHE, yes, n (%) 18 (17.6)
Muscle volume loss (JSH criteria), n (%) 47 (47.5)°
Concomitant medication, n (%)

BCAA 76 (74.5)

Synthetic disaccharides 73 (71.6)

L-carnitine 45 (44.1)

7n 6(5.9)

Loop diuretics 43 (42.2)

PPI/PCAB 69 (67.6)
Gastroesophageal varices, yes n (%) 67 (65.7)
Portosystemic shunts >5 mm, yes n (%) 56 (54.9)
Maximum diameter of portosystemic shunt (mm) * 8.0 (<5.0-30.0)
Diabetes, n (%) 40 (40.2)
Hypertension, n (%) 40 (40.2)
NH; (pg/dL) * 117 (71-277)
Albumin (g/dL) * 3.2 (1.6-4.4)
Total bilirubin (mg/dL) * 1.5 (0.2-21.0)
PT-INR* 1.25(0.98-2.10)
Serum creatinine (mg/dL) * 0.71 (0.33-3.40)
CRP (mg/dL) * 0.17 (0.02-6.58)
WBC (/mm’) * 4450 (1700-9700)
NLR ® 2.67 (0.52-14.33) ©
BTR* 3.45 (1.30-12.84) ¢

Median medication period (days) *

227 (21-1369)

* Median (range)

® The data included only 99 patients;
© the data included only 88 patients;
4 the data included only 29 patients

HCC, hepatocellular carcinoma; MELD, The model for End-stage Liver Disease; HE, hepatic encephalopathy; OHE,
overt hepatic encephalopathy; JSH, The Japan Society of Hepatology; BCAA, branched chain amino acid; PPI, proton

pump inhibitor; PCAB, potassium-competitive acid blocker; NH;, ammonia; PT-INR, prothrombin time-

international normalized ratio; CRP, C-reactive protein; WBC, white blood cell; NLR, neutrophil/lymphocyte ratio;

BTR, branched chain amino acids/tyrosine molar ratio

https://doi.org/10.1371/journal.pone.0270786.t001

PLOS ONE | https://doi.org/10.1371/journal.pone.0270786  July 1, 2022

5/14


https://doi.org/10.1371/journal.pone.0270786.t001
https://doi.org/10.1371/journal.pone.0270786

PLOS ONE

Rifaximin against CHE and hyperammonemia in Japan

whereas the median Model for End-Stage Liver Disease score was 11 points. Ten patients
(9.8%) had OHE, as determined using the ISHEN criteria. Gastroesophageal varices were
found in 67 patients (65.7%). There were 56 cases (54.9%) of a portosystemic shunt with a
maximum diameter of >>5 mm, and the median maximum diameter was 8 mm (<5-30 mm).
The concomitant medications at the initiation of rifaximin treatment were BCAAs for 76
patients (74.5%), synthetic disaccharides for 73 (71.6%), L-carnitine for 45 (44.1%), and zinc
for six (5.9%). The median medication period of rifaximin was 227 days.

Ammonia level changes following rifaximin administration

Blood ammonia levels of the patients showed a significant decrease after rifaximin administra-
tion, from 118 pg/dL before treatment to 65 ug/dL (—42.7%; P < 0.01), 80 pg/dL (-36.6%;

P < 0.01), 86 pg/dL (~39.4%; P < 0.01), 83 pg/dL (~33.3%; P < 0.01), 85 ug/dL (~29.7%;

P < 0.01), and 76 pug/dL (—34.0%; P < 0.01) at 2, 4, 8, 12, 24, and 48 weeks, respectively. A sig-
nificant decrease was observed at 48 weeks after starting treatment (Fig 2).

Transition to OHE and HE recurrence

Of the 92 patients without OHE at the initiation of rifaximin treatment in cohort 1, 12 (11.8%)
transitioned to OHE within 12 months of treatment, with a 1-year cumulative OHE transition
rate of 14.5% (Fig 3). In 18 cases (19.6%), additional treatment for hyperammonemia was
administered at the attending physician’s discretion, and a total of 30 patients (35.3%) required
additional treatment for hyperammonemia or HE. The 1-year cumulative additional treatment
rate was 29.4%.

Therapeutic effect of rifaximin on CHE

To investigate the effect of rifaximin on CHE, the results of the NPT before and after rifaximin
administration were analyzed as cohort 2. Twenty-four patients diagnosed as having CHE by
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Weeks after the start of treatment Weeks after the start of treatment
No. 102 93 73 59 46 38 No. 102 93 73 59 46 38

Median 118 65 80 86 83 85 7 76 Median 0 -427 | -36.6 -394 | -333 | 297 | -38.9 | -34.0
Mean 134 79 87 96 96 93 89 85 Mean 0 -387 | -339 | -29.0 | -266 | -253 | -32.2 | -34.9
SD 35 34 32 44 42 40 41 39 SD 0 244 231 303 269 284 276 239

Fig 2. Effect of rifaximin treatment on hyperammonemia. (a) Changes in the blood ammonia levels in patients from
pre-treatment to 48 weeks after starting treatment are shown on the Y-axis. (b) Changes in the relative ratio of the
ammonia level measured during treatment to its pre-treatment value are shown on the Y-axis. In each graph, plots and
data represent the mean + standard deviation (SD).

https://doi.org/10.1371/journal.pone.0270786.9002
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Fig 3. One-year cumulative transition rate to overt hepatic encephalopathy (OHE).
https://doi.org/10.1371/journal.pone.0270786.9003

an NPT (before treatment) provided data for up to 12 weeks after starting treatment. Table 2
also shows the characteristics of these 24 patients. The average number of abnormal NPT
scores was 2.9 before, 2.0 at 4 weeks after, and 1.8 at 12 weeks after treatment initiation. A sig-
nificant decrease was observed at 4 and 12 weeks after treatment initiation (P < 0.01; Fig 4a).
Ten patients (41.6%) did not meet the diagnostic criteria for CHE 3 months after treatment
initiation, and the CHE complication rate was significantly reduced (P < 0.01; Fig 4b).

Predictive factors for recovery from CHE after rifaximin treatment

Next, we examined the factors involved in the recovery from CHE after rifaximin treatment.
In the univariate analysis, high ammonia levels and the concomitant use of synthetic disaccha-
ride laxatives were the predictive factors for recovery from CHE, as indicated by significant
differences (P < 0.05). Using ROC curve analysis, we obtained a cut-off value of 129 ug/dL for
the blood ammonia level (Fig 5a). In the multivariate analysis using these factors, an ammonia
level greater than 129 ug/dL was extracted as a factor that significantly predicted recovery from
CHE (P = 0.04, Table 2). The recovery rate from CHE was 16.6% (2/12) in the group with an
ammonia level <129 pg/dL and 66.7% (8/12) for the group with an ammonia level >129 pg/
dL. The CHE recovery rate was significantly higher in the latter group (P = 0.02; Fig 5b).

Discussion

We observed the prospective therapeutic effect of rifaximin in Japanese patients with LC and
hyperammonemia. The ammonia level decreased significantly for 48 weeks after starting treat-
ment. Additionally, approximately 40% of the patients exhibiting CHE before treatment did
not meet the diagnostic criteria for CHE 3 months after starting treatment. In particular,
recovery from CHE was likely to occur in cases with high blood ammonia levels before begin-
ning treatment.
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Table 2. Baseline characteristics and pre-treatment predictive factors for recovery from CHE diagnosed by NPT (Cohort 2).

Factors All patients No recovery from CHE Recovery from CHE Univariate p- | Multivariate Cut-off OR
(n=124) (n=14) (n=10) values (95%CI) p-values

Age (years) * 66 (20-80) 67 (44-80) 66 (20-75) 0.89

Sex (male/female) 16/8 9/5 713 1.0

Body mass index (kg/mz) a 24.7 (17.8-33.9) 24.6 (17.8-32.8) 25.4 (18.6-33.9) 0.89

Etiology (HBV/HCV/NBNC) 712/15 4/1/9 3/1/6 1.0

History of OHE (yes/no) 2/22 2/12 0/10 0.50

HCC (up to the Milan criteria; yes/ |4 /20 3/11 1/9 0.62

no)

Child-Pugh score * 8 (6-11) 8 (6-11) 8 (6-9) 0.23

MELD score * 10 (7-15) 10 (7-15) 11 (9-15) 0.22

Muscle volume loss (yes/no) 9/15 6/8 3/7 0.68

Diabetes (yes/no) 9/15 717 2/8 0.21

BCAA (yes/no) 16/8 10/ 4 6/4 0.68

Synthetic disaccharides (yes/no) 15/9 6/8 9/1 0.04 Yes | 11.4 (0.89- 0.07

146.0)

L-Carnitine (yes/no) 7117 3/11 4/6 0.40

Zinc (yes/no) 1/23 1/13 0/10 1.0

Loop diuretics (yes/no) 9/15 717 2/8 0.21

PPI/PCAB (yes/no) 11/13 8/6 3/7 0.24

Gastroesophageal varices (yes/no) | 15/9 717 8/2 0.21

Portosystemic shunts (>5 mm/<5 13/11 717 6/4 0.66

mm)

NH; (ug/dL) * 123 (74-277) 101 (74-175) 177 (111-277) <0.01 129 | 9.5 (1.10-83.0) | 0.04

Albumin (g/dL) * 3.5(2.3-3.9) 3.4(2.3-3.9) 3.5 (3.2-3.9) 0.22

Total bilirubin (mg/dL) * 1.6 (0.6-3.4) 1.6 (0.6-2.9) 1.6 (1.0-3.4) 0.53

PT-INR? 1.23 (1.03-1.67) 1.21 (1.03-1.62) 1.25(1.13-1.67) 0.43

Serum creatinine (mg/dL) * 0.69 (0.44-1.17) 0.65 (0.44-0.98) 0.75 (0.52-1.17) 0.35

CRP (mg/dL) * 0.12 (0.02-1.18) | 0.18 (0.02-1.18) 0.09 (0.02-0.54) 0.12

WBC (/mm°) * 3650 (1700-8400) | 4650 (1700-8400) 3450 (1800-4500) 0.11

NLR*® 2.39 (0.68-7.09) 2.44 (1.18-7.09) 2.31 (0.68-6.42) 0.92

* Median (range);
® The data included only 21 patients

CHE, covert hepatic encephalopathy; HBV, Hepatitis B virus; HCV, Hepatitis C virus; NBNC non-HBV non-HCV; OHE, overt hepatic encephalopathy; HCC,
hepatocellular carcinoma; MELD, The model for End-stage Liver Disease; NH3, ammonia; PT-INR, prothrombin time-international normalized ratio; CRP, C-reactive

protein; WBC, white blood cell; NLR, neutrophil/lymphocyte ratio

https://doi.org/10.1371/journal.pone.0270786.t1002

Rifaximin has been used as a therapeutic agent for HE in Europe and the United States for
many years, and there have been many reports of its therapeutic effect in patients in these
countries. Rifaximin reportedly suppresses the recurrence of OHE and significantly reduces
HE-related hospitalization compared with observations with a placebo [9]. In addition, rifaxi-

min suppresses HE recurrence and increases the survival rate by reducing the gastroesophageal
varix rupture rate, spontaneous bacterial peritonitis incidence, and hepatorenal syndrome
incidence [17]. Therefore, rifaximin might help to effectively control LC complications other
than HE. However, in Japan, rifaximin was approved quite recently; thus, data on the effective-
ness of rifaximin in Japanese patients are still limited. Recently, Sezaki et al. reported a signifi-
cant decrease in ammonia levels following rifaximin administration in Japanese patients with

HE [18]. Kawaratani et al. [19] also reported the long-term efficacy of rifaximin in Japanese
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Fig 4. Effect of rifaximin in improving covert hepatic encephalopathy (CHE). (a) Total abnormal scores of
neuropsychological tests (NPT) are shown on the Y-axis. Plots and data represent the mean + SD. (b) Number of
patients with CHE before and 12 weeks after treatment is shown on the Y-axis.
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patients by analyzing ammonia levels in a multicenter study. Here, rifaximin administration
significantly reduced blood ammonia levels (Fig 2). Therefore, rifaximin might be an effective
treatment for OHE and hyperammonemia in Japanese patients.

CHE has been attracting attention in recent years because it reduces patient quality of life
and is associated with poor work capacity [20, 21], poor driving ability [6, 22], and sleep disor-
ders [23]. There are various reports on the prevalence of CHE and MHE, with MHE preva-
lence ranging between 21 and 85% and CHE prevalence ranging between 35.8 and 50.9%
among LC patients, with varying frequencies, depending on the population [5, 14, 24-30].
According to reports from Japan, the prevalence of MHE is approximately 21% [14] or 30%
[5].

Additionally, because CHE has been reported to transition to OHE at a consistent rate [24,
29, 31], it is important to treat it promptly. Although it is not recommended that all CHE cases
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Fig 5. Ammonia levels before treatment with rifaximin and after recovery from covert hepatic encephalopathy
(CHE). (a) Receiver operating characteristic curve showing the baseline ammonia level that is predictive of recovery
from CHE at 12 weeks after rifaximin administration. (b) The Y-axis presents the percentage of cases showing recovery
from CHE when cases were categorized according to the ammonia level (NH; < 129 pg/dL and NH; > 129 pg/dL).

https://doi.org/10.1371/journal.pone.0270786.9g005
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be treated following Japanese and the American Association for the Study of Liver Diseases/
European Association for the Study of the Liver clinical practice guidelines, additional treat-
ment is proposed for high-risk patients, such as those with worsening background liver condi-
tions. Miwa et al. reported a high transition rate from MHE to OHE in cases of zinc deficiency,
high ammonia levels, high serum creatinine levels, and low platelet counts [32]. Since only
patients receiving rifaximin were enrolled in this observational study, evaluating a transition
to OHE in the absence of therapeutic intervention was not possible. However, since the rate of
transition from CHE to OHE is reportedly high in patients with hyperammonemia [32], it is
suggested that neuropsychological testing should be actively performed for at-risk patients to
assess the presence of CHE, and in the case of a positive diagnosis, additional treatment should
be considered.

Several reports have described the therapeutic effects of rifaximin on MHE [33-36].In a
randomized controlled trial comparing the effects of lactulose with those of rifaximin on
MHE, recovery from MHE reportedly occurred in approximately 70% of the cases, with no sig-
nificant difference observed between the effects of lactulose and those of rifaximin [34]. In
Japan, it has been reported that number connection test-A and digit symbol test scores signifi-
cantly improved 2 weeks after rifaximin administration in OHE cases [37]. However, to the
best of our knowledge, the therapeutic effects of rifaximin on CHE/MHE in Japan have not
been reported. We evaluated CHE using NPT and prospectively observed patients treated with
rifaximin. Unlike the patients in the trial mentioned previously, more than 70% of the patients
in this study were already prescribed other therapeutic agents (BCAAs and synthetic disaccha-
ride laxatives) because BCAAs and synthetic disaccharide laxatives are recommended as stan-
dard treatments for HE and hyperammonemia, according to Japanese liver cirrhosis clinical
practice guidelines [4]. However, there are a certain number of cases of intolerance owing to
the problem of sweetness or diarrhea. Almost all patients who were unable to take synthetic
disaccharide laxatives had these problems in this study. Because the concomitant rate of syn-
thetic disaccharide laxative (such as lactulose) use in this study was similar to that in past clini-
cal reports in Japan [18, 19], our study is considered to reflect actual clinical practice. Even in
cases wherein other therapeutic agents had already been administrated, rifaximin addition
effectively ameliorated CHE in approximately 45% of all cases. Therefore, rifaximin adminis-
tration appears to be a promising therapeutic agent for LC with CHE even when BCAAs and
synthetic disaccharide laxatives have already been administered.

We also examined the characteristics of patients that are likely to show recovery from CHE.
A high blood ammonia level before treatment was identified as a factor that significantly con-
tributed to the recovery from CHE. Because high ammonia levels affect cognitive function [38,
39] and many CHE diagnostic tools, such as NPT, measure cognition, higher baseline ammo-
nia levels associated with CHE recovery likely resulted in improved NPT scores. Various diag-
nostic methods for CHE, such as NPT, are greatly affected by cognitive function, which was
considered the reason for the influence of high ammonia levels on CHE recovery. The results
of these diagnostic methods could be modified for patients with other potential psychiatric dis-
orders and dementia. Here, patients with apparent clinical symptoms of psychiatric disorders,
dementia, and pre-existing diseases were excluded; however, accurate diagnosis by imaging
tests, such as magnetic resonance imaging of the brain, could not be performed. It is challeng-
ing to diagnose potential cases of dementia and psychiatric disorders; therefore, we could have
included CHE cases and potential cases of dementia and psychiatric disorders. Moreover, the
therapeutic effect on CHE might have been greater for those without these complications.
Blood ammonia levels are relatively low in most cases of dementia and psychiatric disorders,
and thus, the therapeutic effect of rifaximin might have been low.
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Hyperammonemia is deeply involved in the development of HE [40]. However, it has also
been reported that ammonia levels do not correlate linearly with the severity of HE [41]. In
recent years, it has been reported that there are various mechanisms other than ammonia,
such as inflammation, oxidative stress, increased bile acids, and lactate, that play a role in the
onset of HE [42]. Therefore, it is possible that the effect of rifaximin is poor for CHE patients
for whom the ammonia level is relatively low. As CHE cases with high ammonia levels can be
expected to benefit from rifaximin treatment, additional treatment with rifaximin may sup-
press the transition to OHE and improve the quality of life of eligible patients.

Nonetheless, this study had some limitations. First, this was an observational study involv-
ing a single hospital and a small number of patients. Only 24 patients could be evaluated for
CHE recovery using NPT. Second, CHE was evaluated only by NPT and was not confirmed by
other evaluation methods. It would be advantageous to assess the psychometric hepatic
encephalopathy score and perform the animal naming test and/or Stroop test. Third, dementia
and other psychiatric disorders were excluded based on clinical symptoms, but strict diagnoses
using imaging tests were not performed. The drugs associated with these disorders could not
be examined. Fourth, the addition of or increase in the drugs affecting HE indirectly after the
initiation of rifaximin was not examined. Finally, there were no restrictions on the co-adminis-
tration of other drugs before or while starting rifaximin treatment, as this was an observational
study. Therefore, our findings may not purely reflect the effectiveness of rifaximin. These limi-
tations are expected to be addressed in future interventional studies using several CHE evalua-
tion methods with a large number of cases. In conclusion, rifaximin had a positive effect on
not only hyperammonemia but also CHE and therefore may be a promising therapeutic
option.
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