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Special Focus on Cerebral Myo-Inositol in
Patients with Hepatic Encephalopathy :
Proton MR Spectroscopic Evaluation 1
Choong Gon Choi , M.D. , Jung Hee Lee , Ph.D. 2, Ho Kyu Lee , M.D. , Dae Chul Suh , M.D.
Young Sang Lee , M.D. 3, Tae-Whan Li m , M.D. , Yong Ho Auh , M.D.

Purpose : To determine whether or not cerebral myo-inositol/creatine-phosphocreatine (MI/Cr) level can be used as a criterion of hepatic encephalopathy
(HE).
Methods: Single voxel stimulated echo sequence with short echotime (30 ms)
was applied to parietal white matter of 14 healthy contr이 subjects , 11 patients
with chronic viral hepatitis , 29 ci rrhotic patients without H E, and 33 ci rrhotic patients with HE. The metabolite ratios of N-acetylaspartate (NAA), choline containing compounds (Cho ), and myo-Inosit이 (메) were calculated using creatine/phosphocreatine (Cr) as an internal reference. Clinical data including modified Child-Pugh score , estimated serum osmolarity , and grade of HE , were obtained atthedayof MR spectroscopy.
Results: MI/Cr was 34% lower in cirrhotic patients with HE than in control
subjects. It was reduced belowtwo standard deviation from normal in 17 of 33 cirrhotic patients with H E (52%). MI/Cr did not correlate with grade of HE (r = 0.15 ,
p = 0.45) but correlate with modified Child-Pugh score (r = -0.55 , p = O.OO).ln the
analysis of Child class C patients , there was no significant difference of MI/Cr between cirrhotic patients with HE and thosewithout HE (0.38 :t 0.11 , n = 29vs.0.39
:t 0.11 , n = 15, P = 0.59 , respectively).
Conclusion : A reduction of cerebral MI/Cr cannot be used as a diagnostic criterion of HE.
Index Words : Magnetic resonance (MR) , spectroscopy

been used to investigate the metabolic changes of the
brain in cirrhotic patients with HE (2 -6). The results
obtained from parietal white matter revealed a reduction of more than 50 % in myo-inosit이 Icreatine
-phosphocreatine (MI/C r), a 23 % reduction in
choline/creatine (Cho/Cr) , and an increased level of
glutamine and glutamate complex (Glx) (3). In one recent study (6) , diagnostic criteria for HE were suggested ; a reduction of MI/Cr and Cho/Cr below 2 standard
deviations from normal , with or without an increase of
Glx above 1 standard deviation from norma l. The suggested criteria allowed the diagnosis of subclinical and
overt HE with sensitivity of 100 % (9/9) and 88 % (7/8) ,
respectively. It was also reported that a reduction of
MI/Cr alone was 80-85 % sensitive in detecting HE ,
but the number of patients was too small to allow conclusions concerning the role of MI/Cr in detecting HE ;
for this , it would be necessary to verify the clinical significance of M I/Cr reduction in a large number of HE patients

INTRODUCTION
Hepatic encephalopathy (HE) is a neuropsychiatric
syndrome which occurs in patients with severe acute or
chronic I iver disease in the absence of other neurologic
disorders. The most common subtype of HE is portosystemic encephalopathy , which occurs almost exclusively in patients with liver cirrhosis (1)
Proton magnetic resonance spectroscopy (MRS) has
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The purpose of this study is to determine whether or
not cerebral MI/Cr level can be used as a criterion of
HE

MATERIALS and METHODS
Patients
From december 1994 to december 1995, we examined a total of 1 02 subjects for this study. Fifteen patients were not included in data analysis because of poor
spectral quality ; remaining 87 subjects comprised 14
apparently healthy control subjects (group 1) , 11 pateints with biopsy proven chronic viral hepatitis (group 2) ,
29 cirrhotic patients without clinical evidences of HE at
any time (group 3), and 33 cirrhotic patients with clinical evidences of HE at or before MRS examination
(group 4). The diagnosis of liver cirrhosis was made by
hepatologists on the basis of clinico-radiological features or liver biopsy. The causes of liver cirrhosis was
chronic viral hepatitis (50/62) , alcohol abuse (8/62) ,
drugs (3/62) , and Wilson ’ s disease (1/62) . Clinical diagnosis of HE was made by hepatologists on the basis of
one or more of following clinical features in the absence of organic brain lesions : disturbance of consciousness , flapping tremor , or behavior changes
Grading of HE was based on the Conn and Lieberthal
method (grade 0 = normal , grade 4 = coma) (7).
CI inical and laboratory data were collected at the day
of MRS examination . Severity of liver disease was
estimated according to the criteria of Child-Pugh
classification (8) . Modified Child score was calculated
by summing only the scores for blood level of albumin ,
bilirubin , prothrombin , and degree of ascites but omitting the score for H E. Serum osmolality was estimated
from the blood concentrations of blood urea nitrogen ,
glucose , and sodium. Clinical and laboratory findings
in the subjects of each group are summarized in Table

MR Examination
Before MR spectroscopy, we obtained sagittal and
axial T1-weighted spin echo images and axial
T2-weighted fastspin echo images in sequence on a 1.5
Tclinical imager (GE Medical Systems , Milwaukee , WI ,
USA, version 5.4). Parietal white matter had been
examined in previous MRS study of HE (2 , 3 , 6) and was
examined in our study (Fig 1). AII MR examination (MR
imaging and MR spectroscopy) required about 30min
for one patient
We used PROBE (PROton Brain Examination; GE

Fig. 1. The region of the brain for MR spectroscopy. A 20 x 20 X
20 mm voxel is prescribed in the parietal lobe , containing
predominantly white matter

Table 1 . Clinical and Laboratory Data in 14 Control Subjects and 73 Patients with Li ver Disease
Parameter
No. of patients
Male/female
Age(years)
Patients with history of alcolhol abuse
Estimated serum osmolarity(mosmo/kg) *
Modified Child score t
Grade of HE (0/1/2/3/4)
Child class A/B/C

Group1

Group 2

Group 3

Group4

Normal Range

14
8/6
39 (25 -65)
o

11
5/6
40 (22 -52)
2
288 (278 - 297)
5(4 - 6)

29
19/1 0
53(32 - 72)
4
282 (250 - 297)
7(4-11)

NA
8/2/1

NA
8/6/15

33
27/6
53(34-79)
2
282 (244 -315)
10(6-12)
22/9/1/1 /0
0/4/29

NA
NA
NA
NA
275 -295
NA
NA
NA

NA
NA
NA
NA

Note. - Group 1 = normal control subjects , Group 2 = patients with chronic vi ral hepatitis , Group 3 = cirrhotic patients without clinical
evidences of HE , Group 4 = cirrhotic patients with clinical evidences of HE , HE = hepatic encephalopathy. * Serum osmolarity was
estimated from th e blood concentrations of sodium , glucose , and blood urea nitrogen. t Modified Child score was calculated from the
crite ria of Chi Id-Pugh classification ; summing only the scores for bl ood level of albumin , bilirubin , prothrombin , and degree of ascites
NA = notapplicable
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ts , 2048. The acqusition time for a spectrum was 5 min utes and 2 seconds

Medical Systems) for single-voxel spectroscopic examination . Image-guided localization of a voxel (8 -9 m l)
was performed by using stimulated echo acqusition
mode (STEAM) sequence. Water signal suppression
was achieved by using a three-p 비 se chemical shift selective (CHESS) sequence. The autoprescan PROBE
menu adjusted offsets of shim coils for optimization of
homogeneity and also adjusted the strength of transmitter RF power , receiver gains , and 3 RF P 비 ses for
water signal suppression. After shimming , the measured full-width-half-maximum of the water signal was
usually 3 -4 Hz , which gave 98 -99 % suppression
The total time for autoprescan was 2 minutes and 3 seconds. If it was successful , PROBE spectra were obtained with parameters as follows : repetition time , 3.0 sec ;
echo time , 30 msec ; mixing time , 13.7 msec; number of
excitations , 96; spectral width , 2500 Hz ; number of poin-

Postprocessing and Analysis of Spectral Data
Raw data acquired by PROBE were transferred to a
SUN Sparc-10 workstation (Sun Computer Inc. , Sunnyvale , CA , USA) and processed using a Spectral Analysis/General Electric (SA/GE) processing software package (Milwaukee , WI , USA) , as described in detail elsewhere (2). Major peaks at 2.0 ppm , 3.0 ppm , 3.2 ppm ,
and 3.6 ppm were assigned to NAA , Cr , Cho , and MI , respectively. Peak areas were measured by Lorenzian Gaussian fitting ofthe resonance peaks. Metabolite ratios (NAA/Cr , Cho/Cr , and ml/Cr) were calculated by
using Cr peak as an internal reference. Because of
strong coupling , Glx did not fit accurately with our current method of peak analysis. Any spectra which con -

Table 2. Metabolite Ratios 01 AII Groups atthe Parietal White Matter
Group
Group1 (n = 14)
P
Group 2 (n = 11)
P
Group 3 (n = 29)
P
Group 4 (n = 33)
P

Age(y)

M/F

NAA/Cr

Cho /Cr

Ml /Cr

39 :t 15

12/2

40 :t 9

5/6

1.48 :t 0.09
NA
1.56 :t 0.18
0.20

0.7 3 :t 0.06
NA
0.86 :t 0.19
0.06

0.53 :t 0.08
NA
0.62 :t 0.17
0.13

53 :t 11

19/10

1140 :t 0.17

27 /6

0.15
1.46 :t 0.20
0.62

0.73 :t 0.15
0.97
0.72 :t 0.10
0.75

0.45 :t 0.15
0.02
0.35 :t 0.12
0.00

53 :t 9

Note - Group 1 = normal control subjects , Group 2 = patients with chronic viral hepatitis , Group 3 = cirrhotic patients without cl inical
evidences 01 HE , Group 4 = cirrhotic patients with clinical evidences 01 HE , HE = hepatic encephalopathy. P values are lor a two-tailed t
test comparison with group 1, control subjects. NA = not applicable
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Fig. 2. Depletion 01 cerebral MI in a patient who had HE
Compared with the spectra from control subjects (a) , the level 01 MI at 3. 55 ppm is markedly reduced in a patient with HE (b) but the level
。1 Cho at 3.2 ppm is notchanged signilicantly
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A. NAA/Cr for AIJ Groups

B. Cho/Cr for AlI Groups
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Fig. 3. Spectral data lor all 87 subjects are shown as
scattogram. The patients were grouped according to their diagnosis; group 1 = normal control subjects , group 2 = patients
with chronic viral hepatitis, group 3 = cirrhotic patients without clinical evidences 01 HE , and group 4 = cirrhotic patients
with clinical evidences 01 HE. The upper and lower dotted lines
represent the level 01 mean + 2 standard deviation and mean
- 2 standard deviation olcontrol subjects , respectively.
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tain features of distorted basel ines , severe phase distortion due to the heavy eddy current , or inappropriate
water suppression were regarded as unacceptable.
The total number of first MRS session was 102 , involving 102 individual spectra. After excluding 15 of poor
quality , a total of 87 spectra were included in data
analysis.
Statistical Analysis
The quantitative data were reported as mean ::!: standard deviation . We performed ANOVA test and Student
t or Wilcoxon rank sum test to compare the mean
values of different groups. CI inical variables that could
affect the results of the spectral data (age , modified
Child score and estimated serum osmolarity) were
analysed by multiple linear regression test (SAS version 6.10 , PROC GLM). Correlation between the spectral data and clinical variables was analysed using the
Pearson correlation coefficien t. P-values of less than
0.05 were considered as significan t.

-

RESULTS
Patients Characteristics of Different G roups
Cirrhotic patients with or without HE were older than
of control subjects or patients with chronic hepatitis (53
::!: 9 , 53 ::!: 11 vs. 40 ::!: 9 , 39 ::!: 15 , respectively , p
O.
01). Severity of liver disease , which was estimated by
modified Child score , was significantly different among
patients groups. Modified Child score was higher in cirrhotic patients with HE than in those without HE or
patients with chronic hepatitis (10.1 ::!: 1.7 vs. 7.2::!: 2.6
or 5.0::!: 1.6 , respectively , p
0.01). However , there
was no significant difference of estimated serum
osm 이 arity among patients groups (288 ::!: 8 , 282 ::!: 12 ,
282 ::!: 16 mosmol/kg for group 2 , 3 , 4 , respectively , p =

<

<

0.56).

Metabolic Changes Detected with MRS
MRS detected the reduction of MI/Cr in cirrhotic
162 -
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patients with HE (Table 2). It was 34 % lower in cirrhotic patients with HE than in control subjects (Fig. 2).
It was reduced below two standard deviation from normal in 18 of 33 (55 %) HE patients (Fig. 3). It was also 15
% lower in cirrhotic patients without HE than in normal
subjects. It was reduced below 2 standard deviation
from normal in 11 of 29 (38 %) cirrhotic patients without
HE. There were no significant differences of NAA/Cr
and Cho/Cr between control subjects and patients
groups (Fig. 3).
The results of multivariate analysis revealed that
modified Child score was an important predictor forthe
reduction of MI/Cr in cirrhotic patients (p
0.001) but
age or estimated serum osmolarity was not significant
(p = 0.23 , P = 0.34 , respectively) . MI/Cr did not correlate with grade of HE (r = 0.15 , P = 0.4 5) but correlated
with modified Child score (r = - 0.55 , P = 0.00) (Fig. 4).
In the analysis of Child class C patients, there was no
significant difference in MI/Cr between cirrhotic
patients with HE and those without HE (0.38 :t 0.11 , n =
29 vs. 0.39 :t 0.11 , n = 15 , P = 0.59 , respectively) . The
number of Child class B patients was too small forthere
to be any statistically significant results.

the liver disease. It was the same in Child class C
patients regardless of the presence or absence of HE
In this study , MI/Cr was reduced below 2 standard deviation from normal in only 55 % of clinically-diagnosed
HE patients. It is therefore suggested that a reduction of
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Fig . 4. Levels 01 MI/Cr are plotted against the modilied Child
scores. Although a signilicant linear correlation exists between
the levels 01 MI /Cr and modilied Child scores , modilied Child
scores alone can not explain lully the reduction 01 MI/Cr in cirrhotic patients (correlation coefficient ; r = -0.55 , P = 0.00 , explanation power ; r2 = 0.3)

Our results showed that MI/Cr was 34% lower in HE
patients than in normal subjects. Previous MRS studies
。f HE also reported MI reduction upto 54 % in HE
patients (2 -3). Cerebral depletion of MI in HE patients
appears to be well established. However , MI/Cr did not
correlate with grade of HE , but rather with severity of
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Fig. 5. Postprocessed PROBE spectra Irom 49 year-old man with previous history 01 HE. The lirst spectrum (a) was obtained at the state
01 grade O. The second spectrum (b) was obtained 2 month later at the state 01 grade 4. Compared with the lirst spectrum , second spec-

trum demonstrates increased Glx at 2.1 -2.5 ppm and 3.7 -3.8 ppm , which are presummed due to increased glutami ne. There is no signilicant change 01 reduced MI at 3. 6 ppm between lirst and second spectrum. The same acqusition and postprocessing parameters
were used lor both spectra as described in the section 01 method
-
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MI/Cr alone should not be regarded as an evidence of
HE in cirrhotic patients.
The results of statistical analysis indicate that
severity of liver disease which were estimated by
modified Child score , is an important predictor for the
reduction of MI/Cr in cirrhotic patients. It seems possible that the more severe liver disease is , the more
toxic substances , such as ammonia or mercaptans , can
reach the brain through portosystemic collaterals (1).
These increased tox ic substances may be detoxified by
conjugation with glucuronic acid , an important metab。 lite for detoxification of toxic substances in the liver ,
kidney and brain. As MI is presummed to function as a
precursor of glucuronic acid , it may be depleted during
detoxification (9).
Cerebral MI can be affected by other variables. One
suggested possibility is that as MI is known to be an
idiogenic osmole , its depletion in HE patients may be a
kind of osmotic response to increased intracellular
osmolytes such as glutamine (3 -4). On the other hand ,
cerebral MI level can also be aftected by serum
。 sm 이 arity (4 , 1 이 . However , we could not confirm the
eftect of estimated serum osmolarity on cerebral MI
level , because estimated serum osmolarity did not differ from that of the control subjects in the majority of ci rrhotic patients in this study.
We agree with the view that increased cerebral glutamine is an evidence of HE in cirrhotic patients
(11 ~13) . Although glutamine was not quantified in this
study , we observed increased peak intensities of Glx at
2.1 -2.5 ppm and 3.7 -3.8 ppm in HE patients (Fig. 5)
Development of HE in cirrhotic patients is almost certainly related to the neurotoxic effects of excessive ammonia , which is converted to glutamine by the action of
glutamine synthetase in astrocytes (14). MR spectroscopic quantification of glutamine is therefore very important for the diagnosis of HE (2 -6 , 15). Previous MRS
studies have identified increased glutamine through
differences in the spectrum between patients and control subjects , and estimated the concentration of glutamine by intergration over a small part of the spectrum
dominated by glutamine (2.3-2.4 ppm and 3.7-3.8
ppm) (2 , 3) . 1n spite of these eftorts , accurate quantification of glutamine using current proton MRS
techniques at field strength 1.5 T is difficult
Contrary to our expectation , Cho/Cr was not reduced
in HE patients in this study. The mild depletion ofCho in
HE patie

late that the low Cho/Cr and MI/Cr levels in our control
subjects may be the results of racial or dietary
differences in cerebral metabolites and may partly explain the discrepancy about Cho/Cr. Another factor t 。
be considered is the neu rotoxicity of excess ive alcohol
(18). In our study , the cause of liver disease is usually
viral etiology. In reports from western countries , however , it is usual that more than half the patients are suffering from alcoholic liver diseases (3 , 5). We therefore
postulate that the neurotoxicity of excessive alcohol
may be responsible for the reduction of Cho/Cr in previous reports
HE is a dynamic and complex metabolic disease of
the brain. The metabolic status of HE patients is rapidly
changed by medications such as diuretics , laxatives or
by various precipitating factors such as gastrointestinal bleeding , hypovolemia , or aggravation of liver
functions. Such clinical variables may affect spectroscopic results. On the other hand , PROBE tend to
over-suppress water signal and at this step need
further refinement
In conclusion , MI/Cr level alone cannot be used as a
criterion of HE in spite of significant reduction in HE
patients. It may represent an alteration of cerebral
metabolism influenced by the severity of the liver disease
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양성자 자기공명분광법을 이용한 분석
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목

적 : 자기공명분광법으로 측정된 myo-inositol (MI) / creatine and phosphocreatine (Cr) 값이 간성뇌증의 진단기준이

될수있늠지 알아보기 위함.

대상및 방법 : 정상대조군 14 명， 만성간염환자 11 명， 간성뇌증이 없는 간경변증 환자 29 명및 간성뇌증이 있는 간경변증환자

33 명의 두정엽 백질에서 single - voxel stimulated echo sequence (echo time = 30 msec) 를 이용하여 분광법을 시행하고 Cr에
대한 N - acetylaspartate ( N때 )， choline (Cho) 및 MI 대사물질비를 측정하였다. 임상소견중 간성뇌증의 정도 (grade) ， 간기능
의 정도 (modified Child-Pugh score) 및 혈청 삼투압 (serum osmolarity) 을 분광법 결과와 비교하였다.
결

과 : MI / Cr값은 간성뇌증 환자군에서 정상대조군보다 평균 34 % 낮았으며 간성뇌증 환자군 33 명중 17 명에서 (정상대

조군의 평균치 -2 표준편차) 이하로 감소되어 있었다 ( 52%). MI / Cr은 간성뇌증의 정도와는 상관관계가 없었으나 (r = 0.15,

p

=

0.45 ) 간기능 손상정도와는 관계있었다 (r

=

- 0.55, p

= 0.00).

간기능 손상정도가 비슷할 경우 (Child class C group) ,

M!/Cr은 간성뇌증이 있는 군과 없는군 사이에 유의한 차이가 없었다 (0.38 :t 0.11 , n

spectively).
결

론

: MI / Cr

값의 감소는 간성뇌즘의 진 단기준이 될수없을 것으로 판단된 다.

=

29 vs. 0.39 :t 0.11 , n

=

15, p

= 0.59, re-

邱

가. 일

시 : 1996년 10월 17 일(목)

- 19 일(토)

나. 장

소 : 호텔롯데월드 3층 크리스탈볼룸
(서울시 송파구 잠실 소재 합

02 -419 -7000)

다. 초록 및 전시작품 제출 마감일

@ 초

록 : 1996년 8월 17 일 (토)까지

@ 전시작품 : 1996년 10월 16 일(수)

라. 접 수 처 : 본학회 사무국 (TEL

20: 00 - 이후 학술대회장의 전시장에 직접부착 ‘

579 - 8003, 8005, FAX 529 -7113)

서울시 서초구 양재동 121 -8번지

※ PC 통신을 통해서 초록을 접수할 수도 있습니다.
(학회 PC 통신

ID , 천리안 : KKRS)

마. 호텔예약 : 호텔객실을 이용하실 분은 9월 30 일까지 호텔롯데월드(전화 :

02-411-7540-

5, 담당자 : 병노훈 과장)로 직접 예약하시기 바람니다. 객실료는 정상가에서
20 %

할인된 금액으로 이용하실 수 있습니다.
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