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Abstract

Aim: Minimal hepatic encephalopathy (MHE) in liver cirrhosis (LC) is a subclinical abnormality which is only detectable by neuropsychiatric and neurophysiological
tests. Reliable predictive biomarkers for diagnosing MHE have not been confirmed. This study examined potential biomarkers to detect MHE in LC patients.

Methods: We divided 35 outpatients with LC into two groups based on the presence of MHE according to the results of computer-aided neuropsychiatric testing
using four psychometric tests. Differences in clinical and laboratory data were compared between the two groups, and predictive biomarkers for diagnosing MHE
were determined using the logistic regression model.

Results: The prevalence of MHE in LC was 28.6% (10/35). Clinical features involving Child-Pugh classification and the modified end-stage liver disease score
showed no differences between the MHE-positive and MHE-negative patients. Among biochemical parameters, elevated plasma ammonia level (P=0.034), increased
creatinine (P=0.008), and low estimated glomerular filtration rate (P=0.042) showed greater significance in MHE-positive patients compared with MHE-negative
patients. However, univariate and multivariate analysis showed that ammonia level (odds ratio, 1.023 and 1.031, respectively; 95% confidence interval of coefficient
estimate, 1.005-1.041 and 1.006-1.058, respectively) was the only significant independent predictor for the detection of MHE.

Conclusion: Plasma ammonia level may be useful as a predictive biomarker to prediagnose the neuropsychiatric test-based diagnosis of MHE. Our results also

reinforce previous findings on crucial roles for renal ammonia metabolism and urinary excretion in patients with LC.

Introduction

Hepatic encephalopathy (HE) in liver cirrhosis (LC) is an
important and serious complication which affects the prognosis of
LC. As HE shows a wide spectrum, from subclinical impairment of
memory and concentration to coma, the classification of HE in LC
has been discussed during the past decade [1-4].Because minimal
HE (MHE) has been defined as a subclinical form of HE, LC patients
with MHE have a clinically normal state of consciousness, but show
abnormalities in cognition and/or neurophysiological variables [5-
12].MHE frequently progresses to overt HE (OHE), often impairing
health-related quality of life [13-15].Therefore, it is necessary to
precisely diagnose and appropriately manage patients with MHE. To
diagnose MHE, several neuropsychiatric (NP) and neurophysiological
tests have been recommended [4,5-15]. However, a gold standard test
for the diagnosis of MHE has not been established worldwide. In Japan,
a simple computer-aided NP-test, consisting of eight tests that can be
performed easily using a touch panel, has been recently developed and
evaluated [16,17]. The prevalence of MHE in Japanese LC patients as
found using this NP-test system ranges between 30.1-57.1%,although
the prevalence of MHE is different according to the number of
psychiatric tests performed [17-20].

Many factors, such as ammonia, glutamine, manganese, false
neurotransmitters, inflammation, neurosteroids and low grade
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edema, closely contribute to the pathogenesis of HE[21-24]. Although
the precise pathophysiology leading to HE remains unclear, the
widely accepted pathophysiological mechanism is that endogenous
and gut-derived ammonia crosses the blood-brain barrier, altering
neurotransmission via glutamatergic, serotonergic, and §-aminobutyric
acid (GABA)-ergic mechanisms[25]. Therefore, dietary protein
restrictions are put into place, and disaccharides and non-absorbable
antibiotics are administered in order to prevent endogenous and gut-
derived ammonia production[25]. Imbalance of plasma free amino
acids; namely, decreased branched chain amino acids (BCAAs) and
increased aromatic amino acids (AAA) has also been indicated as being
a participating factor in the pathogenesis of HE in LC patients[21].
The plasma BCAA to AAA ratio and/or BCAA to tyrosine (Tyr)
ratio is significantly decreased in advanced LC, with protein-energy
malnutrition (PEM) present regardless of whether the patient has
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HE[26,27]. Therefore, BCAA supplementation (BCAA granules and
BCAA-enriched nutrients) has been widely used, not only in the
treatment of HE, but also to bring about improvement of PEM [28-
31]. Zinc (Zn) is also associated with ammonia metabolism in the liver
and muscles, and Zn deficiency is related to the pathogenesis of HE[32-
36]. Therefore, Zn supplementation has been considered as useful in
the management of HE with hyperammonemia and zinc deficiency
[32-36]. Recently, levocarnitine (L-CA) and acetyl-L-carnitine have
been reported as effective treatments in LC patients with overt hepatic
encephalopathy (OHE) and/or MHE[37-41]. Although these drugs
produce effects of ammonia detoxification via the urea cycle in the liver
and improvement of energy metabolism in the brain, the indication
and the timing for this treatment have not been fully studied[42-50].
Thus, although it is possible to examine many biochemical parameters
contributing to HE or MHE in clinical practice, it is still not clear which
biochemical test(s) except the NP test and the neurophysiological test
may be best as predictive biomarkers for the diagnosis of MHE.

The purpose of the present study was to determinepotential
predictive biomarkers for the diagnosis of MHE in LC patients.

Methods

Subjects

Thirty-five outpatients with LC who periodically visited the
Department of Gastroenterology and Hepatology at Iwate Medical
University between January 2013 and August 2014 were enrolled in
this study. We excluded LC patients who showed OHE within 2 weeks
before the study. The diagnosis of LC was made based on routine
biochemical examination including peripheral blood count, liver
function tests and prothrombin time activity (PT) in conjunction
with ultrasonography, computed tomography, and/or liver biopsy. In
determining the etiologies of LC, hepatitis B virus (HBV) and hepatitis
C virus (HCV) infections were diagnosed based on positivity for
hepatitis B surface antigen (HBsAg) and positivity for both anti-HCV
and HCV-RNA, respectively. Alcoholic liver disease was diagnosed
by a history of alcohol intake (ethanol >40 g per day, 10 years).
Autoimmune LC involved autoimmune chronic hepatitis (AIH) and
primary biliary cirrhosis (PBC). These diseases were diagnosed by the
results of serum anti-nuclear antibody and anti-mitochondria antibody
testing and liver pathology. LC due to nonalcoholic steatohepatitis
was diagnosed in a patient with fatty liver disease without HBV
or HCV infections, alcohol abuse, or autoimmune liver diseases.
Cryptogenic LC was defined as LC without any of the aforementioned
etiologies. The presence of esophageal varices was examined by upper
gastroendoscopy. Diabetes mellitus was diagnosed on the basis of
elevated fasting plasma glucose level (>126 mg/dL) or elevated HbAlc
(>6.5%) according to the Diagnostic Criteria for Diabetes Mellitus in
Japan, or by the patient’s use of anti-diabetic agents. Hepatocellular
carcinoma (HCC) was diagnosed by elevated serum tumor markers
(alpha-fetoprotein, AFP; and/or protein induced by vitamin K absence
or vitamin K antagonist-II, PIVKA-II) in conjunction with imaging
studies such as ultrasonography, computed tomography, and magnetic
resonance imaging.

Neuropsychiatric and biochemical methods

The NP test and biochemical examination were performed under
a fasting state in the morning at the outpatient clinic. The NP test
was conducted first. The NP test comprised four psychometric tests
(number connection tests A [NCT-A] and B [NCT-B], the digit symbol
test [DST], and the block design test [BDT]). MHE was diagnosed

Biomed Res Clin Prac, 2016 doi: 10.15761/BRCP.1000117

when more than two of the four tests gave abnormal results. Following
the NP test, a fasting peripheral blood sample was drawn. Biochemical
examination involved peripheral blood count (erythrocytes, leukocytes,
and platelets), liver function tests (total bilirubin, T-Bil; aspartate
aminotransferase, AST; alanine aminotransferase, ALT; and albumin,
Alb), renal function tests (blood urea nitrogen, BUN; and creatinine,
CRN), electrolytes (sodium, potassium, and chloride), prothrombin
time activity (PT), plasma glucose (BS), free fatty acid (FFA), and
ammonia (NH,) by standard clinical laboratory methods. The degree of
liver dysfunction was graded according to the Child-Pugh classification
and the modified end-stage liver disease (MELD) score [50,51]. The
estimated glomerular filtration rate (eGFR) (derived from three factors:
age, sex, and serum CRN) was calculated according to the criteria of the
Japanese Society of Nephropathy [52]. Serum Zn, the total branched-
chain amino acids (BCAA) to Tyr ratio, and carnitine (CA) status (total
carnitine [T-CA], free carnitine [F-CA] and acylcarnitine [acyl-CA]
levels) in sera were measured at Biomedical Laboratories Inc., Tokyo,
Japan (Zn; atomic absorption method, BCAA/Tyr ratio; enzymatic
method, and CA status; enzymatic cycling method, respectively).

Ethics

The study protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the Ethics Committee
of Iwate Medical University. The study was performed after obtaining
written informed consent from each patient.

Statistical analysis

Data are expressed as mean value + standard deviation or median
(range). Nonparametric multiple comparisons were made by the
Mann-Whitney U-test. Categorical comparisons were made by Fisher’s
exact test. The logistic regression model was used for multivariate
stepwise analysis. These statistical tests were performed using SPSS 12.0
software (SPSS, Chicago, IL, USA). P<0.05 was defined as statistically
significant.

Results
Prevalence of MHE in LC patients and patient characteristics

In the present study, the prevalence of MHE in LC patients was
28.6% (10/35). Etiologies, age, sex, the rates of esophageal varices
and diabetes mellitus, and the severity of liver damage based on the
Child-Pugh classification and the MELD score showed no significant
differences between the MHE-positive and -negative patients. However,
the administration rate of lactulose or lactitol was significantly higher
in MHE-positive patients compared to MHE-negative patients (Table
1). Among the biochemical parameters, plasma NH, and CRN were
significantly higher in MHE-positive patients than in MHE-negative
patients, while eGFR was significantly lower in MHE-positive patients
than in MHE-negative patients. Other serum parameters such as the
BCAA/Tyr ratio, Zn, BS, FFA and each CA level did not significantly
differ between the MHE-positive and MHE-negative patients (Table 2).

Logistic regression analysis

To determine reliable predictive parameters for the diagnosis of
MHE, we performed multivariate stepwise analysis. While plasma
NH,, CRN and eGFR were significant in univariate analysis, plasma
NH, was the only significant predictive biomarker for diagnosis of
MHE in multivariate analysis (Table 3).
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Table 1. Clinical features in cirrhotic patients with and without minimal hepatic

encephalopathy (MHE).
MHE-positive MHE-negative P value*
Numbers 10 25
Mean age (range) 59.9 (47-74) 62.1 (33-77) n.s.
Gender (male/female) 9/1 17/8 n.s.
Etiologies * n.s.
HBV 0 1
HCV 2 7
HCV + Alcoholic 1 0
Alcoholic 5 10
Others (AIH/PBC/NASH) 1 2
Cryptogenic 1 5
Complications
Esophageal varices 7 16 n.s.
Diabetes mellitus 5 8 ns.
Ascites and /or edema 1 4 ns.
Hepatocellular carcinoma 3 10 n.s.
History of overt HE (yes/no) 1/9 3/22 n.s.
Child-Pugh classification
A/B/C 6/3/2 16/8/1 ns.
MELD score (points)™ 4/4/2 15/6/4 n.s.
~9/10~14/15~20
Medication
Diuretics (%) 5(50) 11 (44) ns.
Lactulose or lactitol (%) 9 (90) 7(28) 0.001
BCAA nutrients (%) " 6 (60) 10 (40) ns.
Zinc (%) 1(10) 1(4) ns.
Sedative/sleeping drug (%) 3(30) 5(20) ns.

"Statistical analysis was performed using by Fisher’s exact test.

"HBYV, hepatitis B virus; HCV, hepatitis C virus; AIH, autoimmune hepatitis; PBC, primary
biliary cirrhosis; NASH, nonalcoholic steatohepatitis.

" MELD; modified end-stage liver disease

““include both BCAA (branched-chain amino acids) granules and BCAA-enriched
nutrients

Table 2. Differences in biochemical parameters between cirrhotic patients with and without
minimal hepatic encephalopathy (MHE).

Parameters* MHE-positive MHE-negative P value*
(n=10) (n=25)
T-Bil (mg/dL) 1.15(0.30-4.70) 1.10(0.40-6.20) ns.
Alb (g/dL) 3.60(2.70-4.40) 3.60(2.60-4.80) ns.
PT (PT-INR) 1.17(0.90-1.91) 1.11(0.96-1.73) ns.
BUN (mg/dL) 17.85(8.5-40.1) 13.95(4.7-52.2) n.s.
CRN (mg/dL) 0.89(0.72-2.67) 0.74(0.44-2.17) 0.008
eGFR (ml/day/1.73m?) 70.30(21.10-82.80) 82.60(25.6-90.0) 0.042

FPG (mg/dL) 111.5(100.0-168.0) 103.50(71.0-186.0) = n.s.
FFA ( mEq/L) 790.0(190.00-1381.0) | 767.00(140.0-1340.0)  n.s.
B-NH, ( pg/dL) 110.0(57.00-196.0) 55.50(14.0-169.0) | 0.034
Zn (ng/dL) 62.00(44.0-135.0) 69.50(49.0-129.0) n.s.
BTR 3.52(1.89-10.04) 3.97(1.99-12.05) n.s.

Total carnitine ( pmol/L) 80.25(39.70-110.9)
61.20(29.2-84.4)

20.20(10.5-36.0)

71.85(41.5-131.40) n.s.
56.55(29.7-97.60) n.s.
15.25(7.2-37.3) n.s.

Free-carnitine ( umol/L)

Acyl-carnitine ( pmol/L)

“Statistical analysis was performed using by Mann-Whitney U-test. Data are presented as
median (range). n.s.; not significant.

“T-Bil, total bilirubin; Alb, albumin; PT, prothrombin time; BUN, blood urea nitrogen;
CRN, creatinine; eGFR; estimated glomerular filtration rate; FPG, fasting plasma glucose;
FAA, free fatty acid; B-NH3, blood (plasma) ammonia; Zn, zinc;; BTR; branched chain
amino acids to tyrosine ratio.

Discussion

In the present study, we first evaluated the prevalence of MHE using
the NP test. In order to diagnose MHE precisely, not only quantitative
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Table 3. Predictive markers in liver cirrhosis patients with minimal hepatic
encephalopathy.

Univariate analysis Multivariate analysis
Variables* OR [95%Cl] Pvalue, OR [95%CI] | P value
Age 0.983 | 0916 |-/ 1.055 @ 0.637
Male sex 4.235 | 0455 |-| 39.401 | 0.205
Varices (+vs.-) | 0.857 | 0.055 - 13.479 0913
Ascites (+vs.-) | 0.583 | 0.057 |-/ 5973 @ 0.650
HCC (+ vs. -) 1.000 | 0.224 |-| 4.468 @ 1.000
DM (+ vs. -) 2.571 | 0.565 |- 11.712 | 0.222
T-CA 1.007 | 0973 |- 1.043 | 0.685 | 0.983 | 0.927-1.043 | 0.576
F-CA 0.999 | 0952 |-/ 1.048 | 0.955
Acy-CA 1.050 | 0.963 - 1.146 | 0.269
FFA 1.001 1 0.999 -/ 1.003 | 0.261 | 1.001 |0.998-1.004  0.472
FPG 1.032 | 0.995 -/ 1.070 | 0.091
NH3 1.023 | 1.005 |-/ 1.041 | 0.012 | 1.031 | 1.006-1.058 | 0.017
BTR 0.947 | 0.691 |-/ 1296 @ 0.732
Zinc 0.998 | 0.968 |-/ 1.029 @ 0.894
T-Bil 1.304 | 0.113 - 15.098 | 0.832
Alb 0.778 ' 0211 |-/ 2.876 | 0.707
PT 0.805 | 0.029 |- 22.114 @ 0.898
BUN 1.039 | 0977 |-/ 1.106 | 0.223 | 0.944 0.771-1.156| 0.576
CRN 3.015 1 0.659 |- 13.793 | 0.155 | 2.394 0.012- 0.747
487.199
eGFR 0.971 | 0936 |- 1.006 | 0.106 | 0.934 0.819-1.065| 0.309

“HCC, hepatocellular carcinoma; DM, diabetes mellitus; T-CA, total carnitine; F-CA,
free carnitine; Acy-CA, acyl carnitine; FFA, free fatty acid; FPG, fasting plasma glucose;
BTR, branched-chain amino acid to tyrosine ratio; T-Bil, total bilirubin; Alb, albumin; PT,
prothrombin time; BUN, blood urea nitrogen; CRN, creatinine; eGFR; estimated glomerular
filtration rate.

neuropsychological function testing, but also neuropsychiatric and
neurophysiological testing, representing electroencephalography,
auditory and visual evoked potentials, and the critical flicker frequency
test have been recommended [4-12]. Furthermore, radiological
examinations such as magnetic resonance spectrometry and positron
emission tomography have also been useful [53-55]. However, a gold
standard test for the diagnosis of MHE has not been well established
worldwide [11]. In Japan, a simple computer-aided NP test system,
consisting of eight tests that can be performed easily using a touch
panel, has recently been developed and used for the diagnosis of MHE
[16-20]. However, almost 30 min is required for a patient to complete
the eight tests of the NP test. Therefore, in the present study, we
performed four tests: 1) NCT-A; 2) NCT-B; 3) DST; and 4) BDT to
obtain the results of the NP test within 15 min according to the reports
by Michitaka, et al. [18] and Kato, et al. [19] We diagnosed patients
as having MHE when the results of more than two of the four tests
were abnormal. As shown in the results, the prevalence of MHE in LC
patients in the present study using this convenient NP test was 28.6%
(10/35). This prevalence was almost similar to a recent report showing a
prevalence of 30.1% (32 of 106 LC patients)[19], but lower compared to
the results of recent reports by Saito, et al.[20] and Taniguchi, et al.[56]
(37.5% (24 of 64) and 51.9% (14 of 27) LC patients who underwent
the NP test, respectively). Furthermore, Michitaka, et al. reported that
the prevalence of MHE in LC patients might be different according to
the abnormal results among the eight tests in the NP test (two, 39%;
and three or more, 55.8% in LC patients, respectively) [18]. On the
other hand, European and US studies reported a prevalence of MHE in
the range of 30-84% [13-14]. The recent report by Mina, et al. showed
a 44% prevalence of MHE in 125 patients [14]. Furthermore, Citro,
et al. also reported that the prevalence of MHE in LC patients with
HCV infection was 59.1% [57]. This wide variation in the prevalence of
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MHE could be attributable to the different diagnostic criteria of MHE,
the number of psychometric tests conducted, and the devices used to
diagnose MHE, such as for electroencephalography and critical flicker
frequency. Furthermore, the results could be affected by the following
factors: 1) etiology of LC; 2) age and sex of LC patients; 3) severity
of liver damage; and 4) administration of disaccharides and BCAA
nutrients. Therefore, in future studies these factors should be matched
to accurately diagnose MHE and to confirm the prevalence of MHE.

The main purpose of the present study was to search for predictive
biomarkers for the diagnosis of MHE in patients with LC. As shown
by the results, although plasma NH, level, serum CRN level and eGFR
were significantly different between MHE-positive and MHE-negative
patients with LC, logistic regression analysis showed that plasma NH,
level was the only significant biomarker in predicting MHE. However,
the P value and odds ratio of plasma NH, level were low. Two reasons
for these results are conjectured: first, the number of LC patients in the
present study was small; and second, the rate of lactulose or lactitol
administration against hyperammonemia was significantly higher in
the MHE-positive patients compared to the MHE-negative patients.
Further examination in a large number of LC patients is necessary to
confirm these results. Hyperammonemia in LC patients has been known
as the most important risk factor for development of MHE or OHE, but
blood ammonia levels in MHE have not been high in previous studies
[18-20,58]. Actually, hyperammonemia is often observed in LC patients
without OHE or MHE, because the hepatic urea cycle, which is the main
route of ammonia detoxification, is disturbed, and changes occur in
the blood stream according to the formation of intra- and extrahepatic
portasystemic shunting. In this situation, alternative pathways of
ammonia detoxification are activated in extrahepatic tissues (skeletal
muscle, brain, lung and kidney), resulting in an increase in glutamine
(Gln) synthesis [59-62]. In particular, the kidneys take up Gln from the
blood in an amount that equals 10-15% of whole-body Gln flux, and
subsequently distribute the ammonia produced from Gln between the
urine and renal veins [61]. Furthermore, in severe LC, the ammonia
disposal capacity appears to be exceeded and the kidneys increase
the release of ammonia to the renal veins [62]. These findings suggest
that the plasma NH, level may be useful as a predictive biomarker for
the diagnosis of MHE in LC patients with renal dysfunction. In the
future, it is necessary to examine the relationship between ammonia
metabolism and the profiles of plasma free amino acids, including Gln,
in LC patients with MHE.

In the present study, we expected that serum CA status might be
associated with the prediction of MHE, because we previously reported
that the serum CA status, in particular, the serum acyl-CA to total
CA ratio, shows a significant positive correlation with serum FFA
concentration [63].This indicates starvation status and is higher in LC
patients with MHE than in patients without MHE. Moreover, since a
recent study indicated that nutritional management might improve
MHE in LC patients, starvation will be one factor considered in the
pathogenesis of MHE [19,64-66].However, as shown by the results, we
could not confirm that serum CA status was not a predictive biomarker
for the diagnosis of MHE.

Recently, Saito, et al. reported that the serum taurine level before
L-CA administration might be an independent factor associated with
the amelioration of MHE [20], although the measurement of serum
taurine is difficult in routine clinical practice and has poor cost
performance. Because we could not conduct a nutritional assessment
using anthropometry and intake volume of diary meat in each LC
patient, further study is necessary concerning whether serum CA levels
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may serve as predictive biomarkers of MHE.

The present study showed that the serum CRN and eGFR levels
were significantly different between the MHE-positive and -negative
patients. However, these biomarkers were not selected as predictors
in logistic regression analysis. The serum CRN level is usually an
indicator of renal dysfunction in many diseases and is an established
factor of the MELD score [51,67-69]. However, the serum CRN level
does not reflect the precise status of renal function in LC, because the
production of CRN decreases in LC with skeletal muscle atrophy. In
order to precisely estimate renal function, the gold standard in clinical
practice is to measure GFR using inulin, 'I-iothalamate or *™Tc-
diethylene triamine pentaacetic acid. However, these examinations are
laborious and time-intensive, and many involve radiation exposure.
Therefore, eGFR based on CRN (but recently, cystatin C also) has
been recommended in LC patients [70-71]. Additionally, since renal
function has been known to be an important prognostic factor in
advanced LC [72], it is necessary in the future to confirm whether renal
function may be an independent predictive biomarker for the diagnosis
of MHE.

In conclusion, among the numerous biomarkers used in the
management of LC patients with OHE or MHE, only plasma NH, level
may be a candidate as a predictive biomarker for prediagnosing MHE
based on the NP test. However, because many biomarkers, including
ammonia, are closely associated with renal function, a large-scale study
is needed to confirm the useful predictive biomarkers for the true
diagnosis of MHE.

Acknowledgements

This study was supported in part by a Grant-in-Aid for Scientific
Research in Japan (No. 25461009). We also thank Miss Koko Motodate,
who performed the NP tests and prepared the blood samples for each
patient.

References

1. Schomerus H, Hamster W (1998) Neuropsychological aspects of portal-systemic
encephalopathy. Metab Brain Dis 13: 361-377. [Crossref]

2. Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, Blei AT (2001) Hepatic
encephalopathy-definition, nomenclature, diagnosis, and quantification: final report
of the working party at the 11th World Congress of Gastroenterolgy, Vienna, 1998.
Hepatology 35: 726-721.

3. Weissenborn K, Ennen JC, Schomerus H, Riickert N, Hecker H (2001)
Neuropsychological characterization of hepatic encephalopathy. J Hepatol 34: 768-
773. [Crossref]

4. Weissenborn K (2015) Challenges in diagnosing hepatic encephalopathy. Neurochem
Res 40: 265-273. [Crossref]

5. Quero JC, Hartmann 1J, Meulstee J, Hop WC, Schalm SW (1996) The diagnosis of
subclinical hepatic encephalopathy in patients with cirrhosis using neuropsychological
tests and automated electroencephalogram analysis. Hepatology 24: 556-560. [Crossref]

6. Amodio P, Del Piccolo F, Petteno E, Mapelli D, Angeli P, et al. (2001) Prevalence
and prognostic value of quantified electroencephalogram (EEG) alterations in cirrhotic
patients. J Hepatol 35: 37-45. [Crossref]

7. Ortiz M, Jacas C, Cordoba J (2005) Minimal hepatic encephalopathy: diagnosis,
clinical significance and recommendations. J Hepatol 42 Suppl: S45-53. [Crossref]

8. Kircheis G, Wettstein M, Timmermann L, Schnitzler A, Héussinger D (2002) Critical
flicker frequency for quantification of low-grade hepatic encephalopathy. Hepatology
35:357-366. [Crossref]

9. Romero-Gomez M, Cérdoba J, Jover R, del Olmo JA, Ramirez M, et al. (2007) Value
of the critical flicker frequency in patients with minimal hepatic encephalopathy.
Hepatology 45: 879-885. [Crossref]

10. Randolph C, Hilsabeck R, Kato A, Kharbanda P, Li Y, et al. (2009) Neuropsychological

Volume 1(3): 97-102


http://www.ncbi.nlm.nih.gov/pubmed/10206827
http://www.ncbi.nlm.nih.gov/pubmed/11434627
http://www.ncbi.nlm.nih.gov/pubmed/25142937
http://www.ncbi.nlm.nih.gov/pubmed/8781324
http://www.ncbi.nlm.nih.gov/pubmed/11495040
http://www.ncbi.nlm.nih.gov/pubmed/15777572
http://www.ncbi.nlm.nih.gov/pubmed/11826409
http://www.ncbi.nlm.nih.gov/pubmed/17393525

Suzuki K (2016) Predictive biomarkers for diagnosis of minimal hepatic encephalopathy in patients with liver cirrhosis: A preliminary result in a single center study
in Japan

20.

2

22.

23.

24.

25.

26.

217.

28.

29.

30.

3

Biomed Res Clin Prac, 2016

assessment of hepatic encephalopathy: ISHEN practice guidelines. Liver Int 29: 629-
635. [Crossref]

. Dhiman RK, Kurmi R, Thumburu KK, Venkataramarao SH, Agarwal R, et al. (2010)

Diagnosis and prognostic significance of minimal hepatic encephalopathy in patients
with cirrhosis of liver. Dig Dis Sci 55: 2381-2390. [Crossref]

. Marchetti P, D’Avanzo C, Orsato R, Montagnese S, Schiff S, et al. (2011)

Electroencephalography in patients with cirrhosis. Gastroenterology 141: 1680-1689.
[Crossref]

. Romero-Gomez M, Boza F, Garcia-Valdecasas MS, Garcia E, Aguilar-Reina J

(2001) Subclinical hepatic encephalopathy predicts the development of overt hepatic
encephalopathy. Am J Gastroenterol 96: 2718-2723.

. Mina A, Moran S, Ortiz-Olvera N, Mera R, Uribe M (2014) Prevalence of minimal

hepatic encephalopathy and quality of life in patients with decompensated cirrhosis.
Hepatol Res 44: E92-99. [Crossref]

. Wein C, Koch H, Popp B, Ochler G, Schauder P (2004) Minimal hepatic encephalopathy

impairs fitness to drive. Hepatology 39: 739-745. [Crossref]

. Kato A, Kato M, Ishii H, Ichimiya Y, Suzuki K, et al. (2004) Development of quantitative

neuropsychological tests for diagnosis of subclinical hepatic encephalopathy in liver
cirrhosis patients and establishment of diagnostic criteria-multicenter collaborative
study in Japanese. Hepatol Res 30: 71-78. [Crossref]

. Kato A, Watanabe Y, Sawara K, Suzuki K (2008) Diagnosis of sub-clinical hepatic

encephalopathy by Neuropsychological Tests (NP-tests). Hepatol Res 38 Suppl 1:
S122-127. [Crossref]

. Michitaka K, Tokumoto Y, Uesugi K, Kisaka Y, Hirooka M, et al. (2008)

Neuropsychiatric dysfunction in patients with chronic hepatitis and liver cirrhosis.
Hepatol Res 38: 1069-1075. [Crossref]

. Kato A, Tanaka H, Kawaguchi T, Kanazawa H, Iwasa M, et al. (2013) Nutritional

management contributes to improvement in minimal hepatic encephalopathy and
quality of life in patients with liver cirrhosis: A preliminary, prospective, open-label
study. Hepatol Res 43: 452-458. [Crossref]

Saito M, Hirano H, Yano Y, Momose K, Yoshida M, et al. (2016) Serum level of taurine
would be associated with the amelioration of minimal hepatic encephalopathy in
cirrhotic patients. Hepatol Res 46: 215-224. [Crossref]

. Fischer JE, Baldessarini RJ (1971) False neurotransmitters and hepatic failure. Lancet

2:75-80. [Crossref]

Butterworth RF (2003) Pathogenesis of hepatic encephalopathy: new insights from
neuroimaging and molecular studies. J Hepatol 39: 278-285. [Crossref]

Balata S, Olde Damink SW, Ferguson K, Marshall I, Hayes PC, et al. (2003) Induced
hyperammonemia alters neuropsychology, brain MR spectroscopy and magnetization
transfer in cirrhosis. Hepatology 37: 931-939. [Crossref]

Butterworth R (2007) Neuronal cell death in hepatic encephalopathy. Metab Brain Dis
22:309-320. [Crossref]

Butterworth RF (1992) Pathogenesis and treatment of portal-systemic encephalopathy:
an update. Dig Dis Sci 37: 321-327. [Crossref]

Alberino F, Gatta A, Amodio P, Merkel C, Di Pascoli L, et al. (2001) Nutrition and
survival in patients with liver cirrhosis. Nutrition 17: 445-450. [Crossref]

Tajika M, Kato M, Mohri H, Miwa Y, Kato T, et al. (2002) Prognostic value of energy
metabolism in patients with viral liver cirrhosis. Nutrition 18: 229-234. [Crossref]

Muto Y, Sato S, Watanabe A, Moriwaki H, Suzuki K, et al. (2005) Effects of oral
branched-chain amino acid granules on event-free survival in patients with liver
cirrhosis. Clin Gastroenterol Hepatol 3: 705-713. [Crossref]

Sato S, Watanabe A, Muto Y, Suzuki K, Kato A, et al. (2005) Clinical comparison
of branched-chain amino acid (I-Leucine, I-Isoleucine, 1-Valine) granules and oral
nutrition for hepatic insufficiency in patients with decompensated liver cirrhosis (LIV-
EN study). Hepatol Res 31: 232-240. [Crossref]

Muto Y, Sato S, Watanabe A, Moriwaki H, Suzuki K, et al. (2006) Overweight and
obesity increase the risk for liver cancer in patients with liver cirrhosis and long-
term oral supplementation with branched-chain amino acid granules inhibits liver
carcinogenesis in heavier patients with liver cirrhosis. Hepatol Res 35: 204-214.
[Crossref]

. Kawaguchi T, Shiraishi K, Ito T, Suzuki K, Koreeda C, et al. (2014) Branched-chain

amino acids prevent hepatocarcinogenesis and prolong survival of patients with
cirrhosis. Clin Gastroenterol Hepatol 12: 1012-1018. [Crossref]

doi: 10.15761/BRCP.1000117

32.

33.

34.

3s.

36.

37.

38.

39.

40.

4

juy

42.

43.

44.

45.

46.

47.

48.

49.

50.

5

52.

53.

54.

55.

Reding P, Duchatteau J, Bataille C (1984) Oral zinc supplementation improves hepatic
encephalopathy. Results of a randomized controlled trial. Lancet 2: 493-595. [Crossref]

Van der Rijt CC, Schalm SW, Schat H, Foeken K, De Jong G (1991) Overt hepatic
encephalopathy precipitated by zinc deficiency. Gastroenterology 100: 1114-1118.
[Crossref]

Marchesini G, Fabbri A, Bianchi G, Brizi M, Zoli M (1996) Zinc supplementation and
amino acid-nitrogen metabolism in patients with advanced cirrhosis. Hepatology 23:
1084-1092. [Crossref]

Hayashi M, Ikezawa K, Ono A, Okabayashi S, Hayashi Y, et al. (2007) Evaluation of the
effects of combination therapy with branched-chain amino acid and zinc supplements
on nitrogen metabolism in liver cirrhosis. Hepatol Res 37: 615-619. [Crossref]

Katayama K, Saito M, Kawaguchi T, Endo R, Sawara K, et al. (2014) Effect of zinc on
liver cirrhosis with hyperammonemia: a preliminary randomized, placebo-controlled
double-blind trial. Nutrition 30: 1409-1414. [Crossref]

Malaguarnera M, Pistone G, Astuto M, Vecchio I, Raffacle R, et al. (2006) Effects of
L-acetylcarnitine on cirrhotic patients with hepatic coma: randomized double-blind,
placebo-controlled trial. Dig Dis Sci 51: 2242-2247. [Crossref]

Malaguarnera M, Gargante MP, Cristaldi E, Vacante M, Risino C, et al. (2008) Acetyl-
L-carnitine treatment in minimal hepatic encephalopathy. Dig Dis Sci 53: 3018-3025.
[Crossref]

Shores NJ, Keeffe EB (2008) Is oral L-acyl-carnitine an effective therapy for hepatic
encephalopathy? Review of the literature. Dig Dis Sci 53: 2330-2333. [Crossref]

Malanguarnera M, Risino C, Cammalleri L, Malaguarnera L, Astuto M, et al. (2009)
Branched chain amino acids supplemented with L-acetylcarnitine versus BCAA
treatment in hepatic coma: a randomized and controlled double blind study. Eur J
Gastroenterol Hepatol 21: 762-770. [Crossref]

. Malanguarnera M, Vacante M, Motta M, Giordano M, Malaguarnera G, et al. Acetyl-L-

carnitine improves cognitive functions in severe hepatic encephalopathy: a randomized
and controlled clinical trial. Metab Brain Dis 2011; 26: 281-289. [Crossref]

Vaz FM, Wanders RJ (2002) Carnitine biosynthesis in mammals. Biochem J 361: 417-
429. [Crossref]

Rinaldo P, Cowan TM, Matern D (2008) Acylcarnitine profile analysis. Genet Med 10:
151-156. [Crossref]

Flanagan JL, Simmons PA, Vehige J, Willcox MD, Garrett Q (2010) Role of carnitine
in disease. Nutr Metab (Lond) 7: 30. [Crossref]

Rudman D, Sewell CW, Ansley JD (1977) Deficiency of carnitine in cachectic cirrhotic
patients. J Clin Invest 60: 716-723. [Crossref]

Amodio P, Angeli P, Merkel C, Menon F, Gatta A (1990) Plasma carnitine levels in
liver cirrhosis: relationship with nutritional status and liver damage. J Clin Chem Clin
Biochem 28: 619-626. [Crossref]

Krihenbiihl S, Reichen J (1997) Carnitine metabolism in patients with chronic liver
disease. Hepatology 25: 148-153. [Crossref]

Krahenbiihl S, Brass EP, Hoppel CL (2000) Decreased carnitine biosynthesis in rats
with secondary biliary cirrhosis. Hepatology 31: 1217-1223. [Crossref]

Therrien G, Rose C, Butterworth J, Butterworth RF (1997) Protective effect of
L-carnitine in ammonia-precipitated encephalopathy in the portacaval shunted rat.
Hepatology 25: 551-556. [Crossref]

Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R (1973) Transection
of the oesophagus for bleeding oesophageal varices. Br J Surg 60: 646-649. [Crossref]

. Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM, et al. (2001) A

model to predict survival in patients with end-stage liver disease. Hepatology 33: 464-
470. [Crossref]

Imai E, Horio M, Watanabe T, Iseki K, Yamagata K, et al. (2009) Prevalence of chronic
kidney disease in the Japanese general population. Clin Exp Nephrol 13: 621-630.
[Crossref]

Kreis R, Ross BD, Farrow NA, Ackerman Z (1992) Metabolic disorders of the brain in
chronic hepatic encephalopathy detected with H-1 MR spectroscopy. Radiology 182:
19-27. [Crossref]

Ross BD, Jacobson S, Villamil F, Korula J, Kreis R, et al. (1994) Subclinical hepatic
encephalopathy: proton MR spectroscopic abnormalities. Radiology 193: 457-463.
[Crossref]

Laubenberger J, Haussinger D, Bayer S, Gufler H, Hennig J, et al. (1997) Proton

Volume 1(3): 97-102


http://www.ncbi.nlm.nih.gov/pubmed/19302444
http://www.ncbi.nlm.nih.gov/pubmed/20508990
http://www.ncbi.nlm.nih.gov/pubmed/21763244
http://www.ncbi.nlm.nih.gov/pubmed/24033755
http://www.ncbi.nlm.nih.gov/pubmed/14999692
http://www.ncbi.nlm.nih.gov/pubmed/15519270
http://www.ncbi.nlm.nih.gov/pubmed/22994429
http://www.ncbi.nlm.nih.gov/pubmed/4103986
http://www.ncbi.nlm.nih.gov/pubmed/12873828
http://www.ncbi.nlm.nih.gov/pubmed/12668989
http://www.ncbi.nlm.nih.gov/pubmed/17851742
http://www.ncbi.nlm.nih.gov/pubmed/1346515
http://www.ncbi.nlm.nih.gov/pubmed/11882395
http://www.ncbi.nlm.nih.gov/pubmed/16206505
http://www.ncbi.nlm.nih.gov/pubmed/15792640
http://www.ncbi.nlm.nih.gov/pubmed/16737844
http://www.ncbi.nlm.nih.gov/pubmed/24036055
http://www.ncbi.nlm.nih.gov/pubmed/6147551
http://www.ncbi.nlm.nih.gov/pubmed/2001810
http://www.ncbi.nlm.nih.gov/pubmed/8621138
http://www.ncbi.nlm.nih.gov/pubmed/17517070
http://www.ncbi.nlm.nih.gov/pubmed/25280421
http://www.ncbi.nlm.nih.gov/pubmed/18357530
http://www.ncbi.nlm.nih.gov/pubmed/18270833
http://www.ncbi.nlm.nih.gov/pubmed/19357525
http://www.ncbi.nlm.nih.gov/pubmed/21870121
http://www.ncbi.nlm.nih.gov/pubmed/11802770
http://www.ncbi.nlm.nih.gov/pubmed/18281923
http://www.ncbi.nlm.nih.gov/pubmed/20398344
http://www.ncbi.nlm.nih.gov/pubmed/893675
http://www.ncbi.nlm.nih.gov/pubmed/1981222
http://www.ncbi.nlm.nih.gov/pubmed/8985281
http://www.ncbi.nlm.nih.gov/pubmed/10827145
http://www.ncbi.nlm.nih.gov/pubmed/9049197
http://www.ncbi.nlm.nih.gov/pubmed/4541913
http://www.ncbi.nlm.nih.gov/pubmed/11172350
http://www.ncbi.nlm.nih.gov/pubmed/19513802
http://www.ncbi.nlm.nih.gov/pubmed/1345760
http://www.ncbi.nlm.nih.gov/pubmed/7972763

Suzuki K (2016) Predictive biomarkers for diagnosis of minimal hepatic encephalopathy in patients with liver cirrhosis: A preliminary result in a single center study
in Japan

56.

57.

58.

59.

60.

6

62.

63.

64.

magnetic resonance spectroscopy of the brain in symptomatic and asymptomatic
patients with liver cirrhosis. Gastroenterology 112: 1610-1616. [Crossref]

Taniguchi E, Kawaguchi T, Sakata M, Itou M, Oriishi T, et al. (2013) Lipid profile is
associated with the incidence of cognitive dysfunction in viral cirrhotic patients: A data-
mining analysis. Hepatol Res 43: 418-424. [Crossref]

Citro V, Milan G, Tripodi FS, Gennari A, Sorrentino P, et al. (2007) Mental status
impairment in patients with West Haven grade zero hepatic encephalopathy: the role of
HCV infection. J Gastroenterol 42: 79-82. [Crossref]

Amodio P, Montagnese S, Gatta A, Morgan MY (2004) Characteristics of minimal
hepatic encephalopathy. Metab Brain Dis 19: 253-267. [Crossref]

Holecek M (2014) Evidence of a vicious cycle in glutamine synthesis and breakdown
in pathogenesis of hepatic encephalopathy-therapeutic perspectives. Metab Brain Dis
29: 9-17. [Crossref]

Spacek LA, Mudalel M, Tittel F, Risby TH, Solga SF (2015) Clinical utility of breath
ammonia for evaluation of ammonia physiology in healthy and cirrhotic adults. J
Breath Res 9: 047109. [Crossref]

. Dejong CC, Deutz NEP, Soeters PB (1993) Renal ammonia and glutamine metabolism

during liver insufficiency-induced hyperammonemia in the rat. J Clin Invest 92: 2834-
2840. [Crossref]

Noiret L, Baigent S, Jalan R, Thomas SR (2015) Mathematical Model of Ammonia
Handling in the Rat Renal Medulla. PLoS One 10: ¢0134477. [Crossref]

Suzuki K, Onodera M, Kakisaka K, et al. (2013) Serum free fatty acid concentration
as a surrogate marker for serum carnitine status in patients with liver cirrhosis. Kanzo
54:796-797.

Hanai T, Shiraki M, Nishimura K, Imai K, Suetsugu A, et al. (2014) Free fatty acid as

65.

66.

67.

68.

69.

70.

7

72.

a marker of energy malnutrition in liver cirrhosis. Hepatol Res 44: 218-228. [Crossref]

Kawaguchi T (2014) Free fatty acid level is a new hepatic fuel meter. Hepatol Res 44:
176-178. [Crossref]

Maharshi S, Sharma BC, Sachdeva S, Srivastava S, Sharma P (2016) Efficacy of
Nutritional Therapy for Patients With Cirrhosis and Minimal Hepatic Encephalopathy
in a Randomized Trial. Clin Gastroenterol Hepatol 14: 454-460. [Crossref]

Levey AS, Perrone RD, Madias NE (1988) Serum creatinine and renal function. Annu
Rev Med 39: 465-490. [Crossref]

Cholongitas E, Marelli L, Kerry A, Senzolo M, Goodier DW, et al. (2007) Different
methods of creatinine measurement significantly affect MELD scores. Liver Transpl
13: 523-529. [Crossref]

De Souza V, Hadj-Aissa A, Dolomanova O, Rabilloud M, Rognant N, et al. (2014)
Creatinine- versus cystatine C-based equations in assessing the renal function of
candidates for liver transplantation with cirrhosis. Hepatology 59: 1522-1531.
[Crossref]

Mindikoglu AL, Dowling TC, Weir MR, Seliger SL, Christenson RH, et al. (2014)
Performance of chronic kidney disease epidemiology collaboration creatinine-cystatin
C equation for estimating kidney function in cirrhosis. Hepatology 59: 1532-1542.
[Crossref]

. Huizenga JR, Gips CH, Tangerman A (1996) The contribution of various organs to

ammonia formation: a review of factors determining the arterial ammonia concentration.
Ann Clin Biochem 33: 23-30. [Crossref]

Cholongitas E, Arsos G, Goulis J, Birtsou C, Haidich AB, et al. (2014) Glomerular
filtration rate is an independent factor of mortality in patients with decompensated
cirrhosis. Hepatol Res 44: E145-155. [Crossref]

Copyright: ©2016 Nishizawa K. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Biomed Res Clin Prac, 2016

doi: 10.15761/BRCP.1000117

Volume 1(3): 97-102


http://www.ncbi.nlm.nih.gov/pubmed/9136840
http://www.ncbi.nlm.nih.gov/pubmed/22882558
http://www.ncbi.nlm.nih.gov/pubmed/17322997
http://www.ncbi.nlm.nih.gov/pubmed/15554421
http://www.ncbi.nlm.nih.gov/pubmed/23996300
http://www.ncbi.nlm.nih.gov/pubmed/26658550
http://www.ncbi.nlm.nih.gov/pubmed/7902848
http://www.ncbi.nlm.nih.gov/pubmed/26280830
http://www.ncbi.nlm.nih.gov/pubmed/23601060
http://www.ncbi.nlm.nih.gov/pubmed/24499348
http://www.ncbi.nlm.nih.gov/pubmed/3285786
http://www.ncbi.nlm.nih.gov/pubmed/17323365
http://www.ncbi.nlm.nih.gov/pubmed/24123197
http://www.ncbi.nlm.nih.gov/pubmed/23744636
http://www.ncbi.nlm.nih.gov/pubmed/8929062
http://www.ncbi.nlm.nih.gov/pubmed/24119148

	Title
	Correspondence
	Abstract 
	References 

