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Abstract
AIM: To evaluate the effect of oral intake of branched-
chain amino acids (BCAA) on brain perfusion in patients 
with liver cirrhosis.

METHODS: S ing le photon emiss ion computed 
tomography scans were performed in 43 patients with 
cirrhosis and in 15 age-matched healthy subjects. 
Twenty-nine out of forty-three patients were randomly 
treated with either BCAA granules or placebo, and 
single photon emission computed tomography was 
performed before and after the treatment. We measured 
the regional cerebral blood flow values using a three-
dimensional stereotaxic region of interest template.

RESULTS: Cirrhotic patients had regions of significant 
hypoperfusion in the bilateral central (right P = 0.039, 
P <0.05; left P = 0.006 P <0.01), parietal (right P = 
0.018, P<0.05; left P = 0.009, P<0.01), angular (right 
P = 0.039, P<0.05; left P = 0.008, P<0.01), and left 
pericallosal segments (P = 0.038 P<0.05) as compared 
with healthy subjects. A significant increase in cerebral 
perfusion was observed 70 min after the oral intake of 
BCAA in the angular (right P = 0.012, P<0.05; left P = 
0.049, P<0.05), temporal (right P = 0.012, P<0.05; left 
P=0.038, P<0.05), pericallosal segments (right P = 0.025, 
P<0.05; left P = 0.049, P<0.05) and left precentral (P 
= 0.044, P <0.05), parietal (P = 0.040, P <0.05) and 
thalamus (P = 0.033, P<0.05). No significant change in 
perfusion was observed in the placebo group.

CONCLUSION: Administration of BCAA rapidly improves 
cerebral perfusion.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION
Beneficial effects of  branched-chain amino acids (BCAA) 
supplementation on hepatic encephalopathy (HE) have 
been previously reported[1-3]. Recently, Marchestini et al[4] 
carried out a large multicenter, randomized controlled 
tr ial with BCAA-enriched dietary supplements in 
comparison with lactoalbumin or maltodextrin dietary 
supplementation. The results of  this study showed 
reduced hospital admission rate in patients treated with 
BCAA compared with the control group[4]. Thus, BCAA 
therapy may be effective for the treatment of  HE, which is 
a common cause of  hospital admission.

Some cirrhotic patients with apparently normal mental 
status may have abnormalities in cognitive function 
when they are examined with sensitive and quantitative 
neuropsychological tests[5,6]. This group of  patients is 
considered to have minimal HE[7]. This HE-associated 
cognitive impairment may be sometimes associated 
with a poor quality of  life[8-10] and thus early diagnosis 
and treatment of  this condition is important[8]. It has 
been reported that therapy with lactulose improves 
neuropsychological functions[11]. However, there are no 
data on whether BCAA supplementation ameliorates 
cerebral disturbance in cirrhotic patients.

Single photon emission computed tomography 
(SPECT) and positron emission tomography studies 
can demonstrate alterations in regional cerebral blood 
flow (CBF) and cerebral glucose metabolism in cirrhotic 
patients[12-19]. We previously reported that administration of  
solutions enriched with BCAA improves cerebral perfusion 
in patients with cirrhosis[20]. However, the BCAA-rich 
solutions used in this previous study in cirrhotic patients 
contained L-arginine, which is a precursor of  nitric oxide, 
a potent vasodilator[21]. The dose of  L-arginine used in 
previous study might have increased blood flow in the 
brain[21].
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The main aim of  the present study was to confirm 
regional differences in CBF in patients with liver cirrhosis 
and to evaluate whether alterations in CBF is reversed by 
the oral administration of  BCAA. In this study, we used 
granules containing only BCAA and a three-dimensional 
stereotaxic region of  interest template (SRT) for objective 
estimation of  anatomically standardized CBF SPECT 
images[22,23].

MATERIALS AND METHODS
Subjects
Forty-three Japanese patients with liver cirrhosis (30 men 
and 13 women, mean age 63±8 years) were enrolled in 
this study. The diagnosis of  cirrhosis was based on the 
results of  liver function tests, ultrasonography, computed 
tomography imaging, laparoscopy and liver biopsy. The 
cause of  liver cirrhosis was viral infection in the majority 
of  patients (n = 37). No patient with alcoholic liver disease 
was included in the study. In six patients, the cause of  liver 
cirrhosis was unclear. None of  the patients had overt HE 
(grade I or more) at the time of  the examination, and none 
of  them exhibited neuropsychiatric signs or symptoms 
on standard bedside clinical assessment. Patients with 
focal brain lesions, severe brain atrophy, abnormalities on 
computed tomography or magnetic resonance images, or 
neurological or psychiatric disorders were excluded from 
the study. None of  the patients were receiving psychoactive 
drugs. Twenty-nine out of  forty-three patients were 
randomized into two groups: one group received BCAA 
granules orally (16 patients) and another group received 
placebo (13 patients). We have previously reported that the 
ratio of  serum BCAA to tyrosine increases nearly twofold, 
1 h after the administration of  oral BCAA and that it 
decreases to basal values after 10 h[24]. The clinical and 
biochemical characteristics of  the patients are summarized 
in Table 1. 

Control SPECT images were obtained from 15 subjects 
(11 men and 4 women; mean age, 62±9 years) referred to 
our neurology department for minor subjective symptoms. 

These subjects were free of  liver disease, neurological 
disorder or dementia and had normal brain magnetic 
resonance images. The control subjects were not taking 
any medication.

Informed consent was obtained from all subjects, and 
the study was performed in accordance with the Helsinki 
Declaration. The Ethics Committee of  Mie University 
School of  Medicine approved the protocol of  this study.

Scan acquisition and image processing
Each subject received 278 MBq of  technetium-99 m L,L-
ethyl cysteinate dimer (ECD) by intravenous injection in 
the morning after an overnight fast. Ten minutes after the 
injection of  ECD, brain SPECT images were acquired 
using a three-head gammacamera system (GCA-9300A/
DI, Toshiba, Tokyo, Japan) equipped with low-energy, 
high-resolution fanbeam collimators. The projection 
data were obtained using a matrix size of  128×128. 
SPECT images were reconstructed by filtered back-
projection using a ramp filter follower by postprocessing 
with a Butterworth filter. Attenuation correction was 
performed using Chang’s method[25]. The triple-energy 
window technique was employed for scatter correction. 
After baseline SPECT, the patients were orally treated 
with BCAA granules (8 g BCAA, 8 g protein, 32 kcal, 
Ajinomoto, Tokyo, Japan: L-isoleucine 1 904 mg, L-leucine 
3 808 mg, L-valine 2 288 mg), or placebo (cornstarch, 8 
g protein, 32 kcal). After 60 min, 278 MBq of  ECD was 
intravenously administered, and 10 min later a second 
SPECT acquisition was performed. The methods are 
briefly summarized in Figure 1.

Image analysis
The spatial normalization was performed using linear 
and non-linear transformation and SPECT template in 
the statistical parametric mapping (SPM) 99 (Wellcome 
Department of  Cognitive Neurology, London, UK) 

BCAA, branched-chain amino acids.

Age (yr)                                                                              63 ± 8                    (48 - 74)
Sex ratio, M/F                                                                    30/13
Etiology of cirrhosis, HBV/HCV/unknown                      5/32/6
Previous history of overt hepatic encephalopathy,                        
None/Chronic                                                                     39/4 
Child-Pugh score                                                                8.0 ± 2.2                 (5 -13)
Laboratory examinations
   Platelet (104 µL)                                                              7.5 ± 5.1                (8 - 31.4)
   Albumin (g/dL)                                                                 2.9 ± 0.5              (1.9 - 3.9)
   Total bilirubin (mg/dL)                                                   2.0 ± 2.3             (0.5 - 13.8)
   Cholinesterase (∆pH)                                                       0.36 ± 0.19       (0.11 - 0.97)
   Plasma ammonia (µmol/L)                                             38 ± 23                   (4 - 104)
   Prothrombin time (%)                                                     69.1 ± 12.8       (31.3 - 93.5)
   BCAA to tyrosine ratio                                                   3.3 ± 1.3           (1.32 - 6.95)
Neuropsychological test
   Trail making test (s)                                                        54 ± 26                 (28 - 160)

   Digit symbol test (gross point)                                       35 ± 10                   (12 - 54)

Table 1 Patients’ clinical characteristics

Figure 1 Study protocol. Baseline SPECT imaging was taken 10 min after the 
injection of 278 MBq ECD. After baseline SPECT, BCAA granules or placebo were 
orally administered. Sixty minutes later, another 278 MBq of technetium-99 m ECD 
was intravenously administered and a second SPECT acquisition was performed 
10 min after the injection of ECD. Laboratory and neuropsychological tests were 
taken before and after the administration of BCAA or placebo. SPECT, single 
photon emission computed tomography; ECD, ethyl cysteinate dimer; BCAA, 
branched-chain amino acid

Trail making A test
Digit symbol test 
Ammonia 
BCAA to tyrosine ratio

Trail making A test 
Digit symbol test

BCAA granules 8 g+ Water 100 mL
or 
Cornstarch 8 g + Water 100 mL

Ammonia 
BCAA to tyrosine ratio

Tc-99 m ECDTc-99 m ECD

SPECT
(baseline)

SPECT
(post)

60 min 10 min 16 min 10 min 16 min 
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program. Smoothing was performed using 12 mm 
full width at half  maximum Gaussian filter in SPM99. 
To obtain post-BCAA counts, baseline mean SPECT 
counts were subtracted from the second SPECT counts, 
multiplied by a correction factor, which is the coefficient 
of  the decay of  technetium-99 m between the baseline 
and post-treatment measurement. In each hemisphere, we 
estimated the regional CBF values of  270 constant regions 
of  interest (ROI, three-dimensional SRT) grouped into 12 
segments as follows: callosomarginal, 48 ROI; precentral, 
45 ROI; central, 28 ROI; parietal, 14 ROI; angular, 8 ROI; 
temporal, 27 ROI; posterior cerebral, 33 ROI; pericallosal, 
16 ROI; lenticular nucleus, 12 ROI; thalamus, 11 ROI; 
hippocampus, 17 ROI; and cerebellum, 11 ROI; and the 
segmental CBF was calculated as the area-weighed mean 
value for each of  the 12 segments based on the regional 
CBF of  each ROI[22,23].

Semiquantitative analysis was performed to obtain 
region-to-reference ratios for each segmental CBF value. 
The CBF value in cerebellum was selected as the reference 
region, because cerebellar abnormalities were not detected 
in SPECT images, computed tomography or magnetic 
resonance images.

Neuropsychological tests and laboratory examinations
The trail making A test (number connection test) and 
digit symbol test (revised Wechsler adult intelligence scale) 
were performed as neuropsychological tests. Laboratory 
examinations included plasma ammonia and BCAA to 
tyrosine ratio. These data were taken before and after the 
administration of  BCAA or placebo (Figure 1).

Statistical analysis
Results were expressed as the mean±SD of  the mean and 
range. The Mann–Whitney U test was used to evaluate 
the statistical difference in clinical or laboratory variables 
between BCAA and placebo groups and in CBF between 
patients and healthy subjects. The analysis of  variance 
with Bonferroni’s correction for multiple comparisons in 
the three groups was analyzed. The Wilcoxon was used to 
compare pre-, post-BCAA or -placebo values in the same 
group of  patients. A P<0.05 was considered as statistical 
significance.

RESULTS
Baseline study
Cirrhotic patients (n = 43) had regions of  significant 
hypoperfusion in the bilateral central (right, P<0.05; left, 
P<0.01), parietal (both, P<0.05), angular (right, P<0.05; 
left, P<0.01), and left pericallosal segments (P<0.05) as 
compared with healthy subjects (n = 15, Figure 2).

The influence of  the clinical profile on regional CBF 
was also evaluated. There were no significant differences 
in cerebral perfusion between the mild (Child–Pugh A, 
n = 13), moderate/severe (Child–Pugh B+C, n = 30) 
liver dysfunction groups and healthy subjects (data not 
shown). In cirrhotic patients with hyperammonemia (i.e., 
more than 50 µm/L, n = 15), SRT showed regions of  
significant hypoperfusion in the right parietal (P<0.05) and 

left callosomarginal (P<0.05), central (P<0.01), angular 
(P<0.01) and pericallosal segments (P<0.01) as compared 
to healthy subjects (Figure 3A, right hemisphere is not 
shown). Likewise, in cirrhotic patients with severe decrease 
of  serum BCAA to tyrosine ratio (i.e., <3, n = 19), SRT 
showed regions of  significant hypoperfusion in the angular 
(right, P<0.05; left, P<0.01) and right parietal (P<0.05) 
and left callosomarginal (P<0.01), central (P<001) and 
pericallosal segments (P<0.01) as compared to healthy 
subjects (Figure 3B, right hemisphere is not shown).

Abnormalities in neuropsychological tests [values more 
than two SD from the mean values for the age-matched 
healthy subjects at our hospital (i.e., more than 50 s on the 
trail making A test and less than 30 points on digit symbol 
test)] were considered to be indicative of  minimal HE. 
Among cirrhotic patients, 10 showed abnormalities in both 
neurological tests and thus they were considered to have 
minimal HE. In patients with abnormalities in neurological 
tests (n = 10), SRT showed significant hypoperfusion in 
the left parietal (P<0.01), pericallosal (P<0.01), lenticular 
nucleus (P<0.01) and hippocampus (P<0.05) regions as 
compared to patients with grade-0 HE (n = 14, Figure 3C, 
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Figure 2 Relative CBF of different brain regions. Comparison of patients with liver 
cirrhosis (closed bars) and healthy subjects (open bars). Data were expressed as 
the mean±SD. aP<0.05, bP<0.01, dP<0.001. CBF, cerebral blood flow.
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groups (Table 2). A significant increase in cerebral 
perfusion was observed 70 min after oral intake of  BCAA 
in the angular (both regions, P<0.05, Figure 4C), temporal 
(both regions, P<0.05, Figure 4D), pericallosal segments 
(both regions, P<0.05, Figure 4E) and left precentral 
(P<0.05, Figure 4A), parietal (P<0.05, Figure 4B) and 
thalamus (P<0.05, Figure 4F). In addition, after the 
administration of  oral BCAA, the values of  relative CBF 
improved in almost all segments, reaching values observed 
in healthy subjects. There were no significant differences 
in cerebral perfusion between cirrhotic patients after oral 
intake of  BCAA and healthy subjects. No significant 
change in relative CBF values was observed in the placebo 
group (Figure 5). In the BCAA group, the serum BCAA 
to tyrosine ratio increased fourfold, 86 min after the 
administration of  oral BCAA (P<0.01). No significant 
change in plasma ammonia levels or in neuropsychological 
tests was observed in BCAA and placebo groups (Table 3).

DISCUSSION
Functional imaging techniques such as CBF SPECT 
and positron emission tomography can demonstrate 
abnormalities in patients with cirrhosis[12-19]. In the 
present study, cirrhotic patients had regions of  significant 
hypoperfusion in central, parietal, angular and pericallosal 
segments as compared to healthy subjects. These areas 
included parts of  the frontal and parietal associated areas 
of  the cortex and cingulum. Impaired flow and oxygen 
metabolism in the frontal, parietal and cingulate cortices 
in cirrhotic patients have also been reported[12-14,16-18]. 
Cognitive impairment, especially defect in attention is an 
important feature of  HE[26,27]. The anterior cingulate gyri 
may provide an important connection between widely 
divergent aspects of  attention and visual location[28]. The 
internal organization of  the anterior cingulate gyri shows 
alternating bands of  cells with close connections to the 
dorsolateral frontal cortex and the posterior parietal lobe[29]. 
The results of  studies using N-13 ammonia positron 
emission tomography of  cerebral ammonia metabolism 
in patients with cirrhosis and minimal encephalopathy 
coincide well with these regional differences[30]. This 
regional hypoperfusion may be the pathophysiological 
basis for the minimal cerebral dysfunction that is often 
detected by neuropsychological tests in patients with 
cirrhosis.

We found no significant relationship between cerebral 
perfusion and severity of  liver disease, as assessed by the 
Child–Pugh scores. This observation may be due to the 
fact that non-hepatic factors, such as neurotoxins produced 
in the gut or toxic agents that cross the blood-brain barrier 
such as ammonia, contribute to impairment of  cerebral 
function. Although no single metabolic derangement can 
account for the occurrence of  HE, the plasma level of  
ammonia is believed to be an important causative factor 
of  HE. Lockwood et al[16] reported regional metabolic 
abnormalities in cirrhotic patients with hyperammonemia. 
They also reported increased permeability of  the blood-
brain barrier to ammonia and suggested that ammonia 
might be responsible for cerebral dysfunction in HE[31]. In 

right hemisphere is not shown).

Effect of BCAA
At entry, there was no difference in clinical or laboratory 
variables between BCAA (n = 16) and placebo (n = 13) 
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Figure 3 Relative CBF of different brain regions. A: Comparison of cirrhotic 
patients with hyperammonemia (gray bars), normal ammonemia (dashed bars) 
and healthy subjects (open bars); B: Comparison of cirrhotic patients with severe 
decrease in the levels of serum BCAA to tyrosine ratio (gray bars), with mild 
decrease in serum BCAA to tyrosine ratio (dashed bars) and healthy subjects (open 
bars); C: Comparison of patients with minimal encephalopathy (gray bars), with 
grade-0 encephalopathy (dashed bars) and healthy subjects (open bars).
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                                                                                                                                                             BCAA group                                                              Placebo group
Age (yr)                                                                                                                                 64 ± 9                               (50 - 72)                              65 ± 8                           (51 - 74)
Sex ratio, M/F                                                                                                                         10/6                                                                               9/4
Etiology of cirrhosis, HBV/HCV/unknown                                                                          1/11/4                                                                           0/12/1
Previous history of overt hepatic encephalopathy, None/Chronic                                          14/2                                                                            12/1
Child-Pugh score                                                                                                                 8.1 ± 2.5                             (5 - 13)                               7.8 ± 2                          (5 - 11)
Laboratory examinations
   Platelet (104  µL)                                                                                                               8.3 ± 6.8                           (3.4 - 31.4)                           7.6 ± 3.1                     (2.8 – 12.3)
   Albumin (g/dL)                                                                                                                 2.8 ± 0.5                           (2.1 - 3.9)                            2.9 ± 0.4                      (2.4 - 3.9)
   Total bilirubin (mg/dL)                                                                                                     2.2 ± 3.2                          (0.8 - 13.8)                           1.9 ± 1.8                      (0.5 – 6.9)
   Cholinesterase (∆pH)                                                                                                      0.32 ± 0.16                       (0.12 - 0.64)                        0.38 ± 0.12                  (0.17 - 0.55)
   Plasma ammonia (µmol/L)                                                                                                   35 ± 20                              (9 - 79)                               34 ± 18                          (7 - 74)
   Prothrombin time (%)                                                                                                     68.9 ± 14.4                       (31.3 - 93.5)                         71.1 ±  13.4                (51.8 – 89.2)
   BCAA to tyrosine ratio                                                                                                     3.7 ± 1.2                             (2.3 - 7)                                 3 ± 1.3                     (1.3 – 5.6)
Neuropsychological test
   Trail making test (s)                                                                                                           49 ± 16                             (34 - 77)                               50 ± 16                       (25 - 72)
   Digit symbol test (gross point)                                                                                          38 ± 10                             (21 - 53)                               37 ± 15                        (19 - 63)

Table 2 Clinical characteristics of BCAA and placebo groups

BCAA, branched-chain amino acids.

Table 3 Changes in laboratory and neuropsychological tests after BCAA and placebo administration

                                                                                                             BCAA group                                                                                           Placebo group
                                                                                     Before                                                 After                                            Before                                                    After 
Laboratory variables
   Plasma ammonia (µM/L)                          35 ± 20                 (9 - 79)                 31 ± 14                  (8 - 54)               36 ± 20                 (7 - 74)                37 ± 14                (17 - 58)
   BCAA to tyrosine ratio                            3.7 ± 1.2                (2.3 - 7)              16.7 ± 3.4b           (13.1 - 24.6)            3 ± 1.3               (1.3 - 5.6)             3.1 ± 1.3             (1.6 - 5.7)
Neuropsychological test
   Trail making test (s)                                 49 ± 16                 (34 - 77)                 47 ± 13                 (30 - 72)               50 ± 16                (25 - 72)               51 ± 15              (29 - 75)
   Digit symbol test (goss point)                  38 ± 10                 (21 - 53)                 45 ± 14                 (21 - 71)               37 ± 15                (19 - 63)               40 ± 14              (23 - 61)

bP < 0.01 BCAA, branched-chain amino acids

Figure 4 Changes in relative CBF of different brain regions. CBF was compared before and after BCAA. A: Left precentral; B: left parietal; C: left angular; D: left temporal; E: 
left pericallosal; F: left thalamus. Data were expressed as the mean±SD and range. aP<0.05V vs CBF, cerebral blood flow; BCAA, branched-chain amino acid.
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Figure 5 Changes in relative CBF of different brain regions. CBF was compared before and after placebo. A: Left precentral; B: left parietal; C: left angular; D: left temporal; E: 
left pericallosal; F: left thalamus. Data were expressed as the mean±SD and range. CBF, cerebral blood flow.
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our patients with hyperammonemia, SRT analysis showed 
several segments, including the cingulum, with significant 
decreased perfusion as compared to healthy subjects. This 
finding supports the hypothesis of  Lockwood et al. In 
addition, SPECT with SRT analysis showed a significant 
reduction in relative CBF values in cirrhotic patients with 
minimal HE as compared to patients with grade-0 HE 
and normal subjects. This result is also consistent with the 
observation of  Lockwood et al[18]. Moreover, we found that 
the relative CBF values are significantly correlated with 
the baseline venous BCAA to tyrosine ratio. Relationship 
between CBF values and the serum BCAA to tyrosine 
ratio has not been previously assessed.

There are several studies in which stereotaxic ROI 
analysis was used[32,33], but in all of  them the ROI values 
were transformed to fit the subjects’ individual anatomical 
arrangements. Inter-individual anatomical variations may 
exist giving non-consistent relationship between ROI 
location and anatomy. In the present study, we used a fully 
automated regional CBF quantification software, SRT. 
This incorporates an anatomical standardization engine 
transplant into SPM99 and ROI for quantification on the 
Montreal Neurological Institute space of  the magnetic 
resonance image anatomically standardized by SPM99. We 
believe that our results are valid due to the accuracy of  the 
SRT analysis.

We took the cerebellum as reference for the semiquant‑
itative analysis, because brain segments of  cirrhotic patients 
exhibit variable perfusion values whose distribution may 
affect the validity of  the uptake ratios. We previously 
reported that there is no alteration in cerebellar perfusion 
in cirrhotic patients as analyzed by SPM with ECD 
SPECT[13]. In addition, the absence of  symptoms and 
the normal appearance of  cerebellar perfusion in our 
patients led us to consider the cerebellum as the best 
reference to evaluate regional CBF. However, cerebellar 
hypermetabolism has been observed in cirrhotic patients 
with cerebellar degeneration[30], and thus it may be difficult 
to deal with methodological limitations in such region-
to-cerebellar ratios as it was in this study. To evaluate the 
effect of  BCAA, repeated SPECT studies are necessary. 
In the pre/post studies, the assumption is that the original 
distribution pattern is still the same during the second 
SPECT image. Moretti et al[3] reported that during the 
50-120 min postinjection period, the regional structures 
are washing out at the same rate; however, there might be 
differences between cirrhotic and normal brain. This may 
be a potential pitfall in split-dose and sequential SPECT 
method with ECD.

The mechanism by which BCAA granules rapidly 
improve relative CBF in cirrhotic patients without overt 
HE is unknown. The rationale for BCAA therapy is based 
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on the results of  studies showing that the use of  solutions 
rich in BCAA reversed the abnormal blood levels of  
amino acids and led to mental recovery from acute HE in 
patients with cirrhosis[35,36]. Mental recovery is observed 
immediately after the treatment with BCAA solution. One 
of  the proposed mechanisms of  HE is the interference of  
cerebral metabolism by ammonia, including depletion of  
operational rates of  tricarboxylic acid cycle by removing 
a-ketoglutarate for ammonia detoxification[37]. Decreased 
brain levels of  glutamate have been reported in various 
models of  HE. Glutamate is an integral component 
of  malate-aspartate shuttle. It is therefore possible that 
reduced glutamate levels contribute to impaired cerebral 
energy metabolism in HE[38]. BCAA is known to cross 
rapidly the blood-brain barrier and to serve as an energy 
source in the brain[39,40]. It has been previously shown 
in animal models of  chronic HE that decreased brain 
BCAA concentrations is normalized and that acceleration 
of  ammonia metabolism occurs by stimulated glutamine 
synthesis, after intravenous infusion of  BCAA[41]. Thus, 
it is possible that administration of  BCAA blocks the 
vicious cycle of  cerebral energy metabolism in HE by 
providing the amino group for glutamate synthesis from 
a-ketoglutarate in astrocytes.

In the present study, we found that cirrhotic patients 
increased thalamic perfusion after the administration of  
oral BCAA. According to current knowledge, information 
coming from the cortex passes through the striatopallidal 
system to the thalamus and then returns to the cortex. 
Alterations of  neurotransmission within the pallidum and 
thalamus therefore may lead to impairment of  cortical 
function, as in HE[42]. Catafau et al[12] reported that thalamic 
CBF increases in proportion to neuropsychological deficits 
as a compensatory effect. Supplementation with BCAA 
may be effective in the treatment of  cirrhotic patients for 
improving thalamic CBF.

A number of  studies have reported association between 
minimal HE and impairment of  quality of  life[5,6,8-10]. It 
has also been suggested that the ability to drive a car is 
impaired in patients with cirrhosis and minimal HE[43]. 
Therefore, it is important to initiate therapy to improve 
neuropsychological function. Protein restriction may not 
be beneficial for long-term therapy in patients with protein 
malnutrition. Oral BCAA supplementation may be one of  
the candidates for the initial treatment of  minimal HE. In 
the present study, there was no significant change in the 
results of  neuropsychological test after the administration 
of  BCAA. Additional study is necessary to clarify the time 
course of  regional CBF changes after oral administration 
of  BCAA. Neuropsychological performance and cerebral 
perfusion after long-term oral administration of  BCAA 
also needs further evaluation.

In conclusion, this study shows that patients with 
cirrhosis and no neurologic symptoms have widespread 
reduction in relative CBF and that this is restored after 
oral intake of  BCAA. These findings suggest that oral 
supplementation with BCAA may be a therapeutic adjunct 
of  conventional therapy for the treatment of  cirrhotic 
patients for its beneficial action on regional CBF.

ACKNOWLEDGMENTS
The authors thank Tokio Kitano, Masakazu Gotoh, and 
Katsunori Iijima for their technical assistance in the 
nuclear medicine studies and data analysis.

REFERENCES
1	 Plauth M, Egberts EH, Hamster W, Torok M, Muller PH, 

Brand O, Furst P, Dolle W. Long-term treatment of latent 
portosystemic encephalopathy with branched-chain amino 
acids. A double-blind placebo-controlled crossover study. J 
Hepatol 1993; 17: 308-314

2	 Marchesini G, Dioguardi FS, Bianchi GP, Zoli M, Bellati G,Roffi 
L, Martines D, Abbiati R. Long-term oral branched-chain 
amino acid treatment in chronic hepatic encephalopathy. A 
randomized double-blind casein-controlled trial. The Italian 
Multicenter Study Group. J Hepatol; 11: 92-101

3	 Egberts EH, Schomerus H, Hamster W, Jürgens P. Branched 
chain amino acids in the treatment of latent portosystemic 
encephalopathy. A double-blind placebo-controlled crossover 
study. Gastroenterology 1985; 88: 887-895

4	 Marchesini G , Bianchi G, Merli M, Amodio P, Panella 
C, Loguercio C, Rossi Fanelli F, Abbiati R. Nutritional 
supplementation with branched-chain amino acids in 
advanced cirrhosis: a double-blind, randomized trial. 
Gastroenterology 2003; 124: 1792-1801

5	 Li YY, Nie YQ, Sha WH, Zeng Z, Yang FY, Ping L, Jia L. 
Prevalence of subclinical hepatic encephalopathy in cirrhotic 
patients in China. World J Gastroenterol 2004; 10: 2397-2401 

6	 v o m D a h l S ,  K i r c h e i s G , H ä u s s i n g e r D . H e p a t i c 
encephalopathy as a complication of liver disease. World J 
Gastroenterol 2001; 7: 152-156

7	 Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, 
Blei AT. Hepatic encephalopathy--definition, nomenclature, 
diagnosis, and quantification: final report of the working party 
at the 11th World Congresses of Gastroenterology, Vienna, 
1998. Hepatology 2002; 35: 716-721

8	 Gu S, Li L, Li Z, He D. Analysis on clinical features of hepatic 
encephalopathy of 108 cases. World J Gastroenterol 1998; 4: tk 
101abstract

9	 Groeneweg M, Quero JC, De Bruijn I, Hartmann IJ, Essink-bot 
ML, Hop WC, Schalm SW. Subclinical hepatic encephalopathy 
impairs daily functioning. Hepatology 1998; 28: 45-49 

10	 Marchesini G, Bianchi G, Amodio P, Salerno F, Merli M, 
Panella C, Loguercio C, Apolone G, Niero M, Abbiati R. 
Factors associated with poor health-related quality of life of 
patients with cirrhosis. Gastroenterology 2001; 120: 170-178 

11	 Horsmans Y, Solbreux PM, Daenens C, Desager JP, Geubel 
AP. Lactulose improves psychometric testing in cirrhotic 
patients with subclinical encephalopathy. Aliment Pharmacol 
Ther 1997; 11: 165-170

12	 Catafau AM, Kulisevsky J, Berna L, Pujol J, Martin JC, 
Otermin P, Balanzo J, Carrio I. Relationship between cerebral 
perfusion in frontal-limbic-basal ganglia circuits and 
neuropsychologic impairment in patients with subclinical 
hepatic encephalopathy. J Nucl Med 2000; 41: 405-410 

13	 Nakagawa Y, Matsumura K, Iwasa M, Kaito M, Adachi Y, 
Takeda K. Single photon emission computed tomography and 
statistical parametric mapping analysis in cirrhotic patients 
with and without minimal hepatic encephalopathy. Ann Nucl 
Med 2004; 18: 123-129

14	 O’Carroll RE, Hayes PC, Ebmeier KP, Dougall N, Murray C, 
Best JJ, Bouchier IA, Goodwin GM. Regional cerebral blood 
flow and cognitive function in patients with chronic liver 
disease. Lancet 1991; 337: 1250-1253

15	 Iwasa M, Matsumura K, Kaito M, Ikoma J, Kobayashi Y, 
Nakagawa N, Watanabe S, Takeda K, Adachi Y. Decrease 
of regional cerebral blood flow in liver cirrhosis. Eur J 
Gastroenterol Hepatol 2000; 12: 1001-1006

16	 Lockwood AH, Murphy BW, Donnelly KZ, Mahl TC, Perini S. 



Yamamoto M et al. BCAA increases cerebral perfusion in cirrhosis                                                                      6799

Science Editor Guo SY   Language Editor Elsevier HK

Positron-emission tomographic localization of abnormalities 
of brain metabolism in patients with minimal hepatic 
encephalopathy. Hepatology 1993; 18: 1061-1068

17	 Trzepacz PT, Tarter RE, Shah A, Tringali R, Faett DG, Van 
Thiel DH. SPECT scan and cognitive findings in subclinical 
hepatic encephalopathy. J Neuropsychiatry Clin Neurosci 1994; 6: 
170-175

18	 Lockwood AH, Weissenborn K, Bokemeyer M, Tietge U, 
Burchert W. Correlations between cerebral glucose metabolism 
and neuropsychological test performance in nonalcoholic 
cirrhotics. Metab Brain Dis 2002; 17: 29-40

19	 Dam M, Burra P, Tedeschi U, Cagnin A, Chierichetti F, Ermani 
M, Ferlin G, Naccarato R, Pizzolato G. Regional cerebral blood 
flow changes in patients with cirrhosis assessed with 99mTc-
HM-PAO single-photon emission computed tomography: 
effect of liver transplantation. J Hepatol 1998; 29: 78-84

20	 Iwasa M, Matsumura K, Watanabe Y, Yamamoto M, Kaito M, 
Ikoma J, Gabazza EC, Takeda K, Adachi Y. Improvement of 
regional cerebral blood flow after treatment with branched-
chain amino acid solutions in patients with cirrhosis. Eur J 
Gastroenterol Hepatol 2003; 15: 733-737

21	 Reutens DC, McHugh MD, Toussaint PJ, Evans AC, Gjedde A, 
Meyer E, Stewart DJ. L-arginine infusion increases basal but 
not activated cerebral blood flow in humans. J Cereb Blood Flow 
Metab 1997; 17: 309-315

22	 Takeuchi R, Matsuda H, Yoshioka K, Yonekura Y. Cerebral 
blood flow SPET in transient global amnesia with automated 
ROI analysis by 3DSRT. Eur J Nucl Med Mol Imaging 2004; 31: 
578-589

23	 Takeuchi R, Yonekura Y, Matsuda H, Konishi J. Usefulness of 
a three-dimensional stereotaxic ROI template on anatomically 
standardised 99mTc-ECD SPET. Eur J Nucl Med Mol Imaging 
2002; 29: 331-341

24	 Kawamura-Yasui N, Kaito M, Nakagawa N, Fujita N, Ikoma 
J, Gabazza EC, Watanabe S, Adachi Y. Evaluating response 
to nutritional therapy using the branched-chain amino acid/
tyrosine ratio in patients with chronic liver disease. J Clin Lab 
Anal 1999; 13: 31-34

25	 Chang LT . A method for a t tenuat ion correc t ion in 
radionuclide computed tomography. IEEE Trans Nucl Sci Soc 
1979; 25: 638-643

26	 Gilberstadt SJ, Gilberstadt H, Zieve L, Buegel B, Collier RO, 
McClain CJ. Psychomotor performance defects in cirrhotic 
patients without overt encephalopathy. Arch Intern Med 1980; 
140: 519-521

27	 Tarter RE , Hegedus AM, Van Thiel DH, Schade RR, 
Gavaler JS, Starzl TE. Nonalcoholic cirrhosis associated with 
neuropsychological dysfunction in the absence of overt 
evidence of hepatic encephalopathy. Gastroenterology 1984; 86: 

1421-1427
28	 Posner MI. Attention in cognitive neuroscience: An overview. 

The cognitive neurosciences. Gazzangia MS. Cambridge 
Massachusetts; MIT Press, 1995: 615-624

29	 Goldman-Rakic PS. Topography of cognition: parallel 
distributed networks in primate association cortex. Annu Rev 
Neurosci 1988; 11: 137-156

30	 Ahl B, Weissenborn K, van den Hoff J, Fischer-Wasels D, 
Köstler H, Hecker H, Burchert W. Regional differences in 
cerebral blood flow and cerebral ammonia metabolism in 
patients with cirrhosis. Hepatology 2004; 40: 73-79

31	 Lockwood AH, Yap EW, Wong WH. Cerebral ammonia 
metabolism in patients with severe liver disease and minimal 
hepatic encephalopathy. J Cereb Blood Flow Metab 1991; 11: 
337-341

32	 Hooper HR, McEwan AJ, Lentle BC, Kotchon TL, Hooper PM. 
Interactive three-dimensional region of interest analysis of 
HMPAO SPECT brain studies. J Nucl Med 1990; 31: 2046-2051

33   San Pedro EC, Deutsch G, Liu HG, Mountz JM. Frontotemporal 
decreases in rCBF correlate with degree of dysnomia in 
primary progressive aphasia. J Nucl Med 2000; 41: 228-233

34	 Moretti JL, Tamgac F, Weinmann P, Caillat-Vigneron N, Belin 
CA, Cesaro P, Holman BL, Defer G. Early and delayed brain 
SPECT with technetium-99m-ECD and iodine-123-IMP in 
subacute strokes. J Nucl Med 1994; 35: 1444-1449

35   Naylor CD, O'Rourke K, Detsky AS, Baker JP. Parenteral 
nutrition with branched-chain amino acids in hepatic 
encephalopathy. A meta-analysis. Gastroenterology 1989; 97: 
1033-1042

36	 Rossi Fanelli F, Cangiano C, Capocaccia L, Cascino A, Ceci F, 
Muscaritoli M, Giunchi G. Use of branched chain amino acids 
for treating hepatic encephalopathy: clinical experiences. Gut 
1986; 27 Suppl 1: 111-115

37	 Bessman SP, Paul N. The Krebs’s cycle depletion theory of 
hepatic coma. Urea Cycle, New York, Wiley; 1976: 83-89.

38	 Hindfelt B, Plum F, Duffy TE. Effect of acute ammonia 
intoxication on cerebral metabolism in rats with portacaval 
shunts. J Clin Invest 1977; 59: 386-396

39	 Chaplin ER, Goldberg AL, Diamond I. Leucine oxidation in 
brain slices and nerve endings. J Neurochem 1976; 26: 710-707 

40	 Oldendorf WH. Brain uptake of radiolabeled amino acids, 
amines, and hexoses after arterial injection. Am J Physiol 1971; 
221: 1629-1639

41	 Fraser CL, Arieff AI. Hepatic encephalopathy. N Engl J Med 
1985; 313: 865-873

42	 Weissenborn K, Kolbe H. The basal ganglia and portal-
systemic encephalopathy. Metab Brain Dis 1998; 13: 261-272

43	 Wein C, Koch H, Popp B, Oehler G, Schauder P. Minimal 
hepatic encephalopathy impairs fitness to drive. Hepatology 


