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Abstract

Background/Qbjectives: Magnetic resonance spectroscopic (MRS) studies have revealed zbnormal metabolism in the brain of patients
with liver cirrhosis, including an increase in total brain glutamine (Gln) and glutamate (Glu) levels (Glx). However, with conventional MRS
techniques, it was difficult to separate the Glx signals. Using a high-magnetic field MR equipment and a newly developed data processing
method, we attempted to separate the GIX signals on an MRS. Subjects and Methods: Twenty-three patients with liver cirrhosis and 11 healthy
adults were enrolled in this study. After designating a region of interest in the ocecipital lobe gray matter of each subject, "H(proton)-MRS
was performed using 3.0-T MR equipment. Results: MRS conducted using the 3.0-T MR equipment allowed Gln signals in the brain to be
distinguished from the Glx signals. The brain signa! intensity of Gln was found to be significantly higher in the liver cirrhosis group (0.658
0.23) than in the control group {0.473 & 0.08) (P < 0.05). Neither the Glu nor the Gln signal intensity showed any correlation with the blood
ammonia level. Conclusion: High-magnetic field MRS allowed us to separate the Gix signals in the brain and revealed that the increase in the
total brain Glu and Gln levels in patients is solely attributable to an increase in the level of Gln.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Liver cirrhosis; Magnetic resonance spectroscopy; Astrocyte; Glutamate; Glutamine

1. Introeduction may be involved in the pathogenesis of hepatic encephalopa-
thy [2]. According to one theory, the degradation of toxic

Hepatic encephalopathy is a complication of liver ¢irrho- substances such as ammonia in the brain results in eleva-
sis, which describes a spectrum of neuropsychiatric abnor- tion of the glutamine (Gln) lével in astrocytes, which causes
malities seen in these patients, including disturbances of both swelling and dysfunction of these cells [2]. In rela-
consciousness. In cases of chronic liver failure, as prevails tion to hypotheses explaining the pathogenesis of hepatic
in cases of uncompensated-liver cirrhosis, the nervous sys- encephalopathy, the following sequence of metabolic eveats
tem is exposed to certain toxic substances such as ammonia were postulated from the results of spectroscopic studies.
for prolonged periods of time, resulting in abnormalities of As results of the increase in ammonia level, the synthesis
neurotransmitters, receptors, as well as insthe blood-brain of glutamine (GIn) from glutamate (Glu) intensifies and Gln
barrier. As a result, the sensitivity of these patients to toxic accumulates in the astrocytes. Astrocytes are the only cells
substances is increased, which hastens the onset of hepatic in the CNS having Gin synthesis pathway, which is the main
encephalopathy. The brain under this condition is called a path of aminonia transformation. A previous magnetic res-
“hypersensitive brain™ [1]. onance spectroscopic (MRS) study revealed that the level
In recent years, close attention has been paid to the dys- of Gln in the brain was high even in cases of liver cirrhosis
function of astrocytes associated with elevated brain levels not complicated by apparent encephalopathy {3]. However,
of toxic substances because it has been suggested that this in MRS using the conventional 1.5-T equipment, it was dif-

* ficult to distinguish between glutamine (Gln) and glutamate

* Corresponding author. Tel.: +81 19 651 5111x2314; {Glu) s'tgnals, and the to{al c?ombmed Glg and Glu level in
fax: +81 19 652 6664, the brain was used as an indicator of the increased Gln lev-
E-mail address; nobukato@iwate-med.acjp (A. Kato). els [3]. Thus, it was difficult to determine by conventional
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MRS if the elevation of the total Gln and Glu levels was at-
tributable to elevation of the Gln level alone, or rather an el-
evation of both the Glo and the Glu levels. Therefore, using
high-magnetic field MR equipment with high resolution. we
attempted to distinguish the Glu from the Glu signals and
analyzed the relationship between the brain Gln and Glu lev-
els to various blood biochemical data in patients with liver
cirrhosis.

2. Subjects and methods
2.1, Subjects

The subjects of the study were 23 liver cirrhosis patients
with no history of brain disease, who were inpatients ,at
the First Department of Internal Medicine, Iwate Medical
University School of Medicine (Table 1). There were 15
mazles and 8 females, with a mean age of 61 years (mean +
S.D. = 60.7 + 10.8 years). The diagnosis of liver cirrhosis
was confirmed by a general evaluation of the findings on
diagnostic imaging (abdominal ultrasonography, CT, etc.),
histological examination, and blood biochemical data. The
liver cirrhosis was etiologically retated to excessive alcohol
consumption in one case, viral infection in 20 cases (HCV
in 14, HBV in 2, and HCV + alcohol in 4 cases), and was
of unknown etiology in 2 cases. The condition was judged
to be child-pugh class A in 2 cases, class B in 18 cases, and
class C in 3 cases. Eleven healthy adults without a history
of liver disease and free of organic brain disease served as
controls {nine males and two females; mean age + $.D.,
38.5 £ 11 years}.

2.2. Methods

The equipment used for the MRS was a Signa Horizon
LX-VH/t 3.0-T (GE Medical Systems). A cubic region of
interest (ROI) with the dimensions of 20mm x 20mm x

Table 1
Characteristics of the cirthotic patients and a coentrol group

Characteristic Controls Liver cirrhosis
Number 11 23
Gender male 9 15
Height (em) 169.7 + 4.1 161.1 £ 89
Weight (kg) 66.4 £ 9.2 60.6 £ 106
BMI 232 £ 3.1 232 £ 2.7
Female : 2 8
Height {cm) 160.0 + 0.0 147.3 £ 6.0
Wetght (kg) 555+ 45 50.8 + 8.5
BMI W5+ 135 234 +£ 33
Age (yr) 385 £ 110 60.7 £ 103
Child-Pugh c¢lassification
Grade A - 2
Grade B - 18
Grade C ~ 3

Age, height, weight, BMI represent: mean + S.D.
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20mm was designated in the occipital lobe gray matter of
each subject and the !H(proton)-MR spectrum of this region
was measured by the point-resolved spectroscopy (PRESS)
sequence method (Fig. 1} Measurcments of MRS were per-
formed under overniglu fasting condition. The measured pa-
rameters were as follows: repetition time (TR), 2000 ms;
echo time (TE), 60ms; and number of summations (NS),
192. To quantify the levels of N-acetylaspartic acid {N-AA),
glutamate (Glu), glutamine (Gin), and creatine (Crmn), phan-
tom solutions of each of these substances at a known level of
concentration were prepared in advance and used for mea-
suring spectral signal intensities. The concentration of each
phantom selution was adjusted with a phosphate buffer (pH
7.4) to a final concentration of 5.0 mm.

Since it is difficult to measure absolute levels of metabo-
lites by non-invasive means in MRS, the levels of Gln and
Glu were determined as molar ratios relative to the internal
standard (N-AA level) [2].

Previous reports on measurements using MRS have sug-
gested that Glu can be quantified on the basis of the spectra
yielded at two different echo times [4,5]. Theretore, in the
present study, we attempted to measure the Glu intensity at
various TEs, using a 3.0-T MR device, Separation of the Glu
from the Gln signals was the best when the TE was 60 ms.
Fig. 2 shows the brain MR spectra of individual subjects, as
well as the spectra of the reference materials used for the
quantification of N-A A, Gln, and Glu. In this figure, (A) rep-
resents the spectrum of the brain in a case of liver cirrthosis,
(B) represents the V-AA and Crn spectra of the reference
solution, (C) shows the Glu and Crn spectra of the reference '
solution, and (D) indicates the Gln and Crn spectra of the
reference solution. Each substance showed its own unique
spectrum. The main signals of Glu and Gln were recorded
at between 2.0 and 2.5 ppm.

Separate quantifications of brain Glu and Gln were per-
formed by the computerized processing of the data (trans-
ferred from the MR equipment to the computer) using the
GRAMS/32 {Galactic Industries, Corp. Salem, NH, USA)
program and Excel (Microsoft Corp., Tokyo, Japan). The
procedure for this newly developed method of separate quan-
tification of Glu and Gln is shown below (Fig. 3). First, the
N-AA spectrum (b) was subtracted from the subject’s spec-
trum (a) to yield the amount of N-AA. On the differential
spectrum (c), the amount of N-AA can be determined based
on the point at which the signal of the methyl group of N-AA
{2 ppm) disappears. In the second step, the Glu spectrum (d)
was subtracted from the differential spectruin {c) obtaired in
the first step to yield the amount of Glu. The Glu signal at a
point near 2.3 ppm was used as an indicator for this step {).
In the third step, the Gln spectrum (f) was subtracted from
the differential spectrum obtained in the second step () to
yield the amount of Gln. The Gln signal in the vicinity of
2.4 ppm served as an indicator for this step (g).

In each subject, the blood biochemical parameters, in-
cluding the venous blood level of ammonia (pg/dl:enzyme
assay) and serurn albumin (g/dl), the serum prothrombin
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Fig. 1. The region of interest (ROI) in brain MRS. A cubic region of interest (ROI) with the dimension of 20mm x 20mm x 20mm was designated

in the occipital lobe grey matter of each subject in brain MRS.

time (%), the serum total bilirebin fevel (mg/dl), and the
plasma free amino acids including Gln (pumol/l:HPLC) and
Glu (pmol1:HPLC), were also measured.

2.3, Statistical analysis

Values were expressed in mean & S.D. Student’s t-test and
Mann-Whitney’s U-test were used for the comparison of
parameters between the two groups. Fisher’s PSLD was used
for testing correlations. P < 0.05 was regarded as statistically
significant, B

3. Results

3.1. Brain glutamine and glutamate levels compared
with healthy controls

The molar ratio of the total amount of Glu and Gin to
N-AA, ie, (Glu + Gln)/N-AA, was significantly higher in
the liver cirrhosis group (1,303 & 0.33) than in the control
group (1.046 & 0.11) (P < 0.05) (Table 2). The molar ratio

190

of brain Gln to N-AA (GIn/N-AA) was also significantly
higher in the cirrhosis group (0.658 &£ 0.23) than in the
control gronp (0.473 & 0.08) (P < 0.05). On the other hand,
the molar ratio of brain Glu-to M-AA (Glu/N-AA) did not
differ significantly between thé'control group (0.5373 £ 0.06)
and the liver cirrhosis group (0.648 & 0.15). None of these
molar ratios showed any significant correlation with the level
of severity of liver disease.

3.2. Relationship to the blood biochemical data

The venous blood ammeonia level showed no signifi-
cant correlation with the brain Gln or Glu signal intensity
(Table 3). No significant correlation was observed between
these two parameters even when the cirrhosis group was sub-
divided into the high-ammonia level group (over 60 pgfdl;
Gln/N-AA 0.656 & 0.27) and the normal-ammenia level
group (less than 60 pg/dl; GIn/N-AA 0.65% &+ 0.19).

There was no significant relationship between the serum
albumin level, prothrombin time, or the serum total bilirubin
level and the brain Gln or Glu signal intensity, In regard
to the relationship bétween plasma free amino acid levels
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Fig. 2. "H-MR spectra of the subjects’ brains and reference solutions.
A 10-Hz filter was used to obtain the spectra of the solutions, so as to
compare these with the spectra in vivo, Measurements were conducted by
the PRESS methed (TR 2000 ms, TE 60ms, NS 192). Phantem solutions
were measired by the PRESS method at ROI with dimensions of 20 mm
x 20mm 'x 20mm, TR of 3000ms, TE of 60ms and NS of 64. (A)
TH-MR spectra of the brains of patients with liver cirthosis. An ROI
with the dimensions of 20mm x 20mm x 20mm was designated in
the cccipital lobe gray matter. (B) Reference spectra for quantification of
NAA. NAA and creatine were dissalved in phosphate buffer (pH 7.4), to
obtain a 5.0 mm solution of each. (C) Reference spectra for quantification
of glutamate, Glutamate and creatine were dissolved in phosphate buffer
(pH 7.4), 10 obtain a S.0mm solution of each. (D) Reference spectra
for quantification of glutamine. Glutamine and creatine were dissolved in
phosphate buffer (pH 7.4), to obtain a 5.0mm solution of each.

and the Gln and Glu signal intensities, it was found that the
latter exhibited no significant correlation with the Fischer’s
ratio, aromatic amino acid (AAA) levels, plasma Glu levels,
or plasma Gln levels.

Table 2
MRS findings in liver cirrhosis and controls
Gin + G/N-AA  GIn/N-AA Glu/N-AA
(molar ratio) (molar ratio)  (molar ratio)
Contorels (11} 1.046 £ 0.1 0.473 £ 0.08 0573 £ 0.06
Liver cirrhosis (23) £.305 + 0.33? 0.658 + 0.23* 0648 £ 0.15
Child-Pagh classification
Grade A (2) 1.566 £ 0.40 0937 £ 026 0.629 £ 0.15
Grade B (18) 1.272 £ 035 0.620 £ 023 0.652 £ 0.17
Grade C (3) 1.330 + 0.07 0.697 £ 0.12  0.634 £ 0.08

* Control vs, liver cirrhosis (P < 0.05).
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Fig. 3. Method used for quantifying glutamine and glutamate. (a) 'H-MR
spectra of the brains of patients with liver cirthosis; (b) reference spectrum
for quantification of NAA; (¢} differential spectrum (a)~(b): {d) reference
spectrum for quantification of ghitamate; (e) differential spectrum (c)-(d);
(f) reference spectrum for quantification of glutamine; (g) differential

spectrum (e}, '
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Tuble 3
Correlation matrix of MR findings and biochemical data

Gln/N-AA Glu/naa

r P r P
B-NH3 0.063 0.778 0.079 0.721
T-Bil 0.276 0.290 0.172 0516
Albumin 0.191 0.388 0.010 0.971
PT(%) 0.023 0.918 0.097 0.715
Fischer's ratio 0.028 0.941 0.171 0.463
AAA 0.293 0.200 0.005 0.983
Glutamate (blood plasma) 0.300 0.146 0.187 0.423
Glutamine (bleod plasma} «0.120 0.609 0.183 0432

B-NH3: blood ammonia, PT: prothrombin time; AAA: arcmatic amina
acids; Fischer's ratio: branched chain amino acids/AAA.,

4. Discussion

In a previous study, an increase in the -brain Glx sig-
nal intensity was demonstrated in patients with liver cir-
rhosis [3]. The present study shows that this increase is
attributable to an increase in the signal intensity of Gln
alone,
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Hepatic encephalopathy refers to a spectrum of neuropsy-
chiatric abnormalities, including disturbances of conscious-
ness, and occurs in association with severe liver disease,
including fulminant hepatic failure and liver cirrhosis. The
severity of this condition ranges widely, from mild cases
detectable only by quantitative neuropsychiatric functional
testing [6), to deep coma with absent response to stimula-
tion.

Recently, close attention has been paid to swelling of as-
trocytes as a possible cause of hepatic encephalopathy. As-
trocytes constitute the only compartment of the brain in
which ammonia is detoxified by biosynthesis of Gln. A re-
cent 'H-MRS study revealed that the balance of astrocyte
volunie is lost in patients with chronic hepatic encephalopa-
thy [2). When the cells swell up due to elevation in the os-
motic pressure, myo-inositol, which is a component of as-
trocytes and serves as an organic electrolyte [7], is released
from the cells. In cases of hepatic encephalopathy, the brain
Glx signal intensity, as measured by 'H-MRS, is increased,
while that of myo-incsitol is markedly decreased. These
changes have been reported to be correlated with the severity
of coma seen in patients with hepatic encephalopathy [8]. Tt
has been proposed that in cases of hepatic encephalopathy,
the Glx levels in the astrocytes rise to degrade the excessive
ammonia, resulting in swelling of the astrocytes.

Substances or factors known to cause swelling of astro-
cytes, besides ammonia, include hyponatremia, several neu-
rotransmitters, TNF-a, and benzodiazepines [9]. It is thought
that as the Glx-level rises, myo-inositol is released, and
the resultant swelling of astrocytes induces gliopathy (com-
promised glial cell dysfunction), which is associated with
disturbed communication between the astrocytes and neu-
rons.

Previous studies in vitro have shown that the swelling
of astrocytes is associated with effects such as activa-
tion of MAP-kinase [9], up-regulation of peripheral-type
benzodiazepine receptors [10], changes in the protein
phospharylation-Ca®* equilibrium [11], and changes of
cellular pH [12]. It has also been shown experimentally that
swelling of astrocytes alkalizes intracellular granules and
thus affects the functions of cell receptors [3]. In our pre-
vious '"H-MRS study of patients of liver cirrhosis who did
not have any apparent hepatic encephalopathy, we found
that the myo-inosito] signal intensity was low and the Glx
level was high, similar to the findings in cases with hepatic
encephalopathy, and that these parameters were correlated
with the severity of the liver disease. This suggests that brain
metabolism is already affected in cases of liver cirrhosis
even before the appearance of signs of hepatic encephalopa-
thy [13). The concentrations of brain GLN and GLU were
evaluated using biopsied human brain tissue, Rothman et al.
[4] reported that the gray matter concentration of GLU was
7.8 & 4.0 jumol/g and that of GLN was 4.1 & 2.0 pmol/g.
They reported that the gray matter concentrations of GLU
were larger than that of GLN in kealthy controls. We also
clarified that the intensity of GLU is larger than that of
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GELN in healthy controls. In the cirrhotic group, however,
the intensity of GLU is smaller than that of GLN and it
is estimated that there were abnormalities in the metabolic
pathway of GLU and GLN in cirrhotic patients.

With the conventional-technique of MRS, for which a
1.5-T MR device is used, while an increase in the Glx signal
intensity in the brain could be detected, increased Gln lev-
els in situ could not be discerned (a hypothesis proposed by
Haussinger et al. [12]). In the present study, we conducted
MRS using a high-magnetic field and high-resolution MR
equipment, and analyzed the data for known concentration
levels of N-AA, Crn, Gln, and Glu by a new data processing
method, and adequate echo time. This study demonstrated
that the increased Glx signal intensity in the brain previously
observed in cases of liver cirrhosis is attributable to an in-
crease in the Gln alone, We have thus endorsed the validity
of the thecry of abnormal brain metabolism in situ.

In the present study, the Gln signal intensity did not ex-
hibit any correlation with the venous blood ammonia level or
indeed any of the other blood biochemical parameters tested.
The blood samples for quantification of ammeonia were col-
lected in the early moming before breakfast on the day on
which MRS was performed, and there was no significant
time lag between the blood sampling and MRS. However, it
remains unknown whether or not the blood ammonia levels
have any immediate effects on the Gln level in the glial cells.
It also seems likely that chronic exposure of cells to blood
ammonia may be involved in the increased brain Gln level.
This is, however, a still untested hypothesis. In the present
study, venous blood was used for measuring the blood am-
monia level. However, the venous blood ammonia level may
not always be correlated with the brain Gin level, when one
considers the removal of ammonia in the peripheral muscle.
Therefore, it may be necessary to study the relationship be-
tween the arterial blood ammonia level and the brain Gin
level. In the present study, the mean age differed between
the control group and the liver cirrhosis group. However, in
the cirrhosis group, no effects of aging on the Gln or Glu
signal intensity were noted (data not shown). There were
several reports about the effect of age on brain metabolite
concentrations. Chang et al. [14] reported that concentra-
tions of creatine, choline and myo-inositol increased with
age. In contrast, there was a relatively stable concentration
of Glx measured by a 1.5-T MRS in 36 normal healthy vol-
unteers (19-78 years).

It, therefore, appears unlikely that the difference in age
between the two groups served as a significant confound-
ing factor in the study. According to the previcus reports
[2,15,16], abnormal metabolism of Glx and myo-inositol
were detected in various brain regions (basal ganglia, tem-
poral lobe, occipital lobe, etc.) in patients with liver cirrho-
sis complicated by hepatic encephalopathy. In the present
study, only one ROl was designated in the occipital lobe
when performing MRS. It would therefore be desirable to
examine other arcas of the brain also for the presence or
absence of similar changes.
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It has recently been reported that abnormal metabolism of
Glx and myo-inositol in the brain can be reversed by treat-
ment. Haseler et al. [17] examined the changes in the Gix
and myo-inositol levels before and after administration of a
synthetic bisaccharide (lactulose, 60 mi/day for 7 days), in
comparison with those in an untreated group. Their study
revealed a 15% decrease in the Glx and a 29% increase in
the myo-inositol levels in the lactulose-treated group, while
no such change was observed in the untreated group. It has
also been reported that these abnormalities could be reduced
by liver transplantation [18]. These findings suggest that
measurements using MRS may also be useful for evaluat-
ing the responses to treatment. Measurements using MRS
may also be useful for the early detection of the subclini-
cal hepatic encephalopathy, which can only be detected by
quantitative neuropsychiatric function tests. From our data,
the main reason for the increase of Glx intensity was the in-
crease of GLN in the brain. However, the level of GLU also
increased following the increase of the GLN intensity in pa-
tients with liver cirrhosis. Thus, the clinical significance of
the separation of Glx is to be able to evaluate the effect of
the treatment or the clinical condition for cirthotics from the
balance of GLU and GLN intensities.

In brief, high-magnetic-field MRS revealed that the in-
crease in the total brain Glu and Gln levels, previcusly ob-
served as a sign of abnermal brain metabolism associated
with liver cirthosis, is attributable to an increase in the level
of Gln alone. The study results also suggested that the brain
Gln level shows no significant correlation with the venous
blood ammonia level, In the future, it would be desirable to
conduct a chronological study of the changes in the Gln lev-
els in the brain in cases of liver cirrhosis under follow-up,
with or without active treatment.
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Abstract

At present, there are no generally accepted diagnostic eriteria or methods for subclinical hepatic encephalopathy (SHE) associated with liver
cirthosis. We therefore developed an easily conducted computer-aided quantitative neuropsychiatric function test system for use in routine
medical practice. We established normal values in healthy Japanese subjects and determined differences between healthy persons and liver
cirthosis patients without clinical encephalopathy in a multi-center clinical trial. The test system consists of eight tests: number connection
tests A and B, a figure position test, a digit symbol test, a block design test, and reaction time tests A, B and C. The test results were affected by
age, but not by gender or facility. No learning effect was noted. The results were therefore reported by 5-year quartile ranges and differences
were evaluated between 542 healthy subjects and 292 cirthotic patients. When the cut-off value was set at the 10th/90th percentile of the
results in healthy subjects, the resuits of each of the 8 tests were abnormal in about 25% of cirrhotic patients, and at least 1 of the 8 tests
gave values greater than the 10th/90th percentile cut-off value in 58.2% of the 292 liver cirrhosis patients. SHE patients were thought to be
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included in these 58.2% of patients. The developed test makes it possible to quantitatively assess neurcpsychiatric function, and the results

obtained can be used as a basis for the diagnosis of SHE,
© 2004 Elsevier B.V. All rights reserved.

Keywords: Liver cirrhosis; Subclinical encephatopathy; Neuropsychological tests; Computer-aided test system

1. Introduction

Subclinical hepatic encephalopathy (SHE), which gives
abnormal results to sensitive quantitative neuropsychiatric
function tests without showing any abnormal physical
findings, is seen in 30-84% of liver cirrhosis patients. The
importance of SHE is being increasingly recognized as it
may interfere with the activities of daily living [1-14]. Re-
cently, Ferenci et al. [15] presented new proposals regarding
the definition and classification of hepatic encephalopathy
and the degree of associated coma. They named SHE
“minimal hepatic encephalopathy (mHE)” as low-grade
hepatic encephalopathy and emphasized its importance.

SHE includes pre-clinical hepatic encephalopathy and is
associated with no clinical symptoms or signs of the degree
of coma being grade I or 0 according to the conventional
grading system. There are no standard diagnostic criteria,
and it is diagnosed at individual medical institutions by their
own diagnostic methods based on the paper—pencil test and
electrophysiological tests, including EEG [3). However, none
of these tests is satisfactory in terms of ease in operation or
reproducibility, and the need for development of a simpler
quantitative test has been pointed out.

Since SHE is associated with a reduction in performance
cognition, a combination of multiple neuropsychiatric func-
tion tests designed to assess performance cognition is used for
its diagnosis. Recently, Kircheis et al. reported that the crit-
ical flicker-frequency (CFF) test alone makes it possible to
easily diagnose SHE in liver cirrhosis [ 16]. However, because
results of the CFF are normal in about 40% of SHE patients
diagnosed by conventional neuropsychiatric function tests,
the CFF has limitations as a diagnostic method although it is
a simple, easy-to-use method [17].

We developed a computer-aided simple neuropsychiatric
test system consisting of eight tests that can be easily con-
ducted on outpatients using a touch panel. In order to evaluate
the utility of this test system, we first conducted a pilot study
in healthy subjects and identified factors that influence the re-
sults of the test. This was followed by a multiple cooperative
study designed to establish standards for neuropsychiatric
functions in healthy subjects and liver cirrhosis patients. The
criteria for the SHE diagnosis were established based on the
findings obtained.

2. Materials and methods

The test system consisted of the following eight tests
and was designed to assess psychomotor, attention, mem-
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ory and special functions: number connection tests A and
B (NCT-A and B), figure position test (FPT), digit symbol
test (DST), block design test (BDT), and reaction time tests
A, B and C (RTT-A, B and C) [10-13,18,19}. The system
was simplified so that two-dimensional operations using a
computer were possible. All tests can be completed in about
20 min, including the time needed for practice and operation
guide,

2.1. Neuropsychological (NP) test system

Software was developed by Otsuka Pharmaccutical Co.,
Ltd., Kokuyo Co., Ltd., and ISB Co., Ltd. Hardware con-
sisted of a personal computer (OS: window3.1, ThinkPad
365X, IBM) and a 33 cm size touch panel connected to the
PC (GUNZE Access Vision AV4833FT, Gunze Ltd., Tokyo,
Japan).

2.2. Number connection tests (NCTs)

Two tests were conducted, NCT-A, in which the time
needed to serially connect figures from [ to 20 on the
touch panel was determined (time limit: 60s), and NCT-
B, in which the time needed to connect figures from | to
10 and 10 Japanese characters was determined (time limit:
1805s),

2.3. Figure position test (FPT)

Subjects were asked to remember the shape and position
of 24 figures displayed on the panel for 15s. They were
asked to return each figure to its criginal position after ran-
domly moving them on the panel, and the time needed to
complete this task was determined (time limit: 90s). This
test was developed afier the tactual performance test,

2.4. Digit symbol test (DST)

Nine different symbols were displayed on the parel in
60s, and subjects were asked to select a digit corresponding
to each symbol on the panel. The number of correct answers
was determined (maximum aumber of questions: 40).

2.5, Block design test (BDT)

Six different cards were displayed on the panel, and the
time needed to complete the same design as that displayed
on the panel was determined (time limit: 60s).
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2.6. Reaction time tests (RTTs)

Three types of RTT were conducted: RTT-A, in which the
reaction time needed by subjects to press an enter key after
the color of a circle on the panel changed from white to red;
RTT-B, in which subjects were asked to press the eater key
" when the color changed from white, blue or yellow to red;
and RTT-C, in which subjects were asked to press the enter
key when a combination of white, blue and yellow changed
to that of yellow and red.

2.7. Construction of the NP test system (pilot study)

A pilot study was conducted at three university hospitals
in Japan between June 1996 and March 1997. One hundred
and twelve healthy subjects under no medical treatment,
who were almost evenly divided into 3 age brackets (4049,
50-59, and 60-69), were enrolled. Informed consent was
obtained from all volunteers after providing thorough
information on the objectives and method of the study. One
of the objectives of this pilot study was to determine if
the test system could be operated without any problem. In
addition, the correlation between the test results and factors
that were thought to influence them (age, gender and facility)
was evaluated. The tests were conducted three times by
repeating the tests 1 and 7 days after the first tests in order to
determine the presence or absence of learning effects (effects
of familiarization with the tests). The tests were always
conducted in an independent test room between 10a.m. and
4p.m. in order to minimize the environmental effects.

2.8. Establishment of normal ranges and estimation of
cut-off values

Cut-off values were estimated in order to establish the
normal ranges and extract a population showing abnormal
neuropsychological function test results. The following mum-
ber of subjects, aged between 40 and 69, were enrolled at
14 university hospitals between June 1996 and March 1997
328 patients with hepatic cirrhosis and 550 healthy subjects
(not included in the 112 enrolled in the pilot study). Healthy
subjects under no medical treatment and without hepatic dis-
ease were enrolled. Hepatic cirrhosis was diagnosed based on
liver biopsy, imaging diagnosis, or clinical diagnosis combin-
ing objective findings and hematological tests. Those with
any of the following were excluded: previous neurological
focal episode or other neurologic illness, history of psychi-
atric illness, history of consumption of psychotropic drugs,
and clinical hepatic encephalopathy (<grade II). Those un-
der treatment with lactulose, poorly absotbed antibiotics or
branched-chain amino acid to deal with hypcrammonemia
were enrolled if they could tolerate the tests.

Informed consent was obtained from all subjects after
thoroughly explaining the objectives, methods and other rel-
evant details of the study.
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3. Statistical analysis

In data analyses, subjects were grouped by age at 5-year
intervals since findings obtained in the pilot study showed
that age affects analytical results when they are grouped at
10-year intervals. Subjects in each age bracket were clas-
sified into the healthy subject group and the cirrhotic pa-
tient group, Differences between the two groups were shown
by the quartile range. The upper and lower 10, 20 and 30
percentiles were estimated for each test item in healthy
subjects in order to evaluate cut-off values as percentages
of upper and lower test values obtained in cirrhotic pa-
tients.

Test values were handled as mentioned below. Namely,
the actual time needed to complete the task was reported in
NCT-A and NCT-B. The number of correct answers were
reported in the DST. The mean effective test time, i.e. the test
time spent for correct operations divided by the number of
correct operations, was reported for the FPT, BDT, RTT-A,
-B and -C.

A subcommittee was created to establish a data handling
policy. It excluded all “outliers due to apparent errors in oper-
ation™ (data from subjects whe did not completely understand
the operation procedures and those who undertook the tests
under apparenily abnormal physical conditions due to night
duties or a lack of sleep) from analysis. All data from subjects
younger than 40 and those aged 70 or older were excluded
from analysis as a deviation from the protocol.

4. Results
4.1. Construction of the NP test system

Results obtained from the 112 healthy subjects showed no
significant differences in the test results by gender or facility
or any significant learning effects on the test results due to
repetition of the tests by each subject. However, the test re-
sults were found to be affected by age as is typically shown
by the results of NCT-B shown in Fig. 1. As is evident from
this figure, the test time clearly increased with age in healthy
subjects when they were divided into groups at 10-year in-
tervals,

4.2. Establishment of normal ranges and estimation of
cut-off values

The NP test systern was conducted in a total of 834 sub-
jects, including 542 healthy subjects and 292 liver cirrhosis
patients. However, 8 healthy subjects and 37 liver cirthosis
patients were excluded due to violations of the protocol in
terms of the age. The backgrounds of healthy subjects and
cirrhotic patients are shown in Table I. Relatively old males
were predominant among cirrhotic patients (P <0.0001}. The
severity of liver cirrhosis was mild in most patients according
to the child classification system, and the cause was viral in
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Number connection test B in healthy subjects

200 ]
180 1 ° °
g 160
5 140 1
8 ] °
= 120
8
é 100 ] o °
S 80 T
E0 :
60
40 1 m—— o
] o} -é—
20 0
(n=37) (n=33) (n=32)
0 40 - 49 50 - 59 60— 69 (age)

Fig. 1. Results of number connection test B in healthy subjects are indicated with horizontal bars. The vertical bars indicate the range and the horizontal
boundaries of boxes represent the first and third quartiles,

the great majority of patients (81%). Overalt, 131 cirrhotic The number of subjects ‘analyzed with respect to each
patients (45.0%) were receiving at least 1 drug for hyperam- test item ranged between 517 and 542 healthy subjects
monemia: 74 (25.3%} lactulose, 107 (36.6%) BCAA, and 9 (95.4-100%) and between 273 and 290 cirrhotic patients
(3.1%) poorly absorbed antibiotics. . (93.5-99.3%). Because the pilot study shower that the test re-
Table 1 .
Clinical and laboratory eharacteristics of cirthatic patients and healthy subjects
Items Cirrhotic patients, » (%) Healthy subjects, 7 (%) P-value
Total 292 542
Sex

Male 191 (65.4) 275 (50.7)

Female 101 (34.6) ] 267(49.3) - «0.0001*
Age (years)

40-44 14 (4.8) 98 (18.1)

45-49 27 (9.2) 112 (20.7)

50-54 33(1L.3) 109 (20.1)

55-59 54 (18.5) 99 (18.3)

60-64 82 (28.1) 79 (14.6)

65-69 82 (28.1) 45 (8.3)

Mean 4 5.D. 59.0+£ 7.3 526+79 <0.00018
T-bilirubin (mg/dL} (mean + S.D.) L6+ 19
ALT (IU/L) {mean % S.D.) 70.1 £50.0
Child classification ’

A 130 {44.5)

B 134 (45.9)

C 2819.6}
Eticlogy

Virus 237(82.2)

Alcohol 39(13.4)

Others 16 (5.5)

 Chi-square test,
b Student’s r-test,
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Number connection test B
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Digit symbol test
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Fig. 2. Results of number connection test B and digit symbol test in healthy subjects and citrhotic patients are indicated with horizontal bars. The vertical bars
indicate the range and the horizontal boundaries of boxes represent the first and third quartiles: () healthy subjects; (FJ) cirrhotic patients (a).

sults and their standard deviations become increasingly vari-
able with age (data not shown), test data were compiled at
5-year age intervals and shown by the quartile range (box
and whisker plots). Results of NCT-B and DST are shown in
Fig. 2 as typical results obtained. Test results obtained from
both healthy subjects and cirrhotic patients showed clear age-
related changes, with the test time increasing and the num-
ber of correct answers decreasing with age. The test time
increased and the number of correct answers decreased in
cirrhotic patients compared to healthy subjects regardless of
age up o 65. Among those aged 65 or older, however, there
were no significant differences between healthy subjects and
cirrhotic patients. Results of all tests showed similar effects
of aging as well as the differences between healthy subjects
and cirrhotic patients,

Data were missing from 11 healthy subjects (2%} for DST
and 1 healthy volunteer {0.2%) for all of the 7 other tests,
while among hepatic cirrhosis patients, 7 (2.4%) gave no
data for NCT-A, 25 (8.6%) for NCT-B, 19 (6.5%} for FPT,
46 (15.8%) for DST, 6 (2%) for BDT, and 11 (3.8%) for RT-
A, B and C. DST data were missing from the largest number
of subjects in both the healthy volunteer and hepatic cirrhosis
patient groups. ‘

Cut-off values were determined based on the upper and
lower 10th, 20th and 30th percentiles, which are regarded as
outliers in healthy subjects, and were set at the upper and
lower 10th percentile due to great variability because of the
effects of aging on standard deviations. The percentage of
liver cirrhosis patients who were regarded as giving abnor-
mal values based on the 10th/S0th percentile cut-off value
in healthy subjccts and the test results obtained at 5-year in-
tervals ranged between 9 and 47% for NCT-B and 21.0%
overall and between 2 and 44% for DST and 18.7% overall.
The percentage of liver cirrhosis patients who gave abnormal
values in the eight tests varied according to the age bracket
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and ranged between 10 and 25% (Table 2). Of the 292 cir-
thotic paticnts, 170 (58.2%) showed deviations from the 10th
percentile cut-off value with respect to at least 1 test item.

5. Discussion -

We developed a computer-aided quantitative neuropsy- .
chological test system in order to facilitate the diagnosis of
SHE associated with liver cirrhosis.

Results obtained with this test system showed apparent
differences between healthy subjects and liver cirrhosis pa-
tients without clinical hepatic encephalopathy (grade O or 1).
Both healthy subjects and liver cirrhosis patients showed in-
creases in the test time and decreases in the number of correct
answers with age, and it was evident that the results of the
neuropsychological tests need to be analyzed at 5-year age
intervals. The results of the present study thus indicaied that
major shortfalls of the this test method are the great variability
of the test results in both healthy subjects and liver cirrhosis
patients and increases in the test time with age even in healthy
subjects. The test method seemed to be able to differentiate
healthy subjects from liver cirrhosis patients and attribute the
difference to subclinical encephalopathy if they are younger
than 65. In older patients, however, discrimination seemed to
be impossible and the test method scemed to have its own
limitation.

Although the tests were not repeated in the same patients,
it was thought that they could be properly conducted in liver
cirthosis patients as well as in healthy subjects becausc data
were missing from only a fow patients.

Among various factors with possible effects on the lest
results, blood ammonia levels affected the test results, but
the severity of hepatic dysfunction did not. Test results ob-
tained in the present study were not significantly different



