Sciences (NUGSBS) between 2007 and July 2010. In this study. all
patients were examined with the Sonazoid TOUS since 2007 after its
approval by the Japanese health authorides. The liver tamors included
HCC in 25 patienis, intrahepatic cholangiocarcinoma (ICC) in 3,
colorectal liver metastasis in 20, liver metastasis of gastrointestinal
stromal tumor from the stomach in one and benign hematoma
(preoperative diagnosis was HCC) in one. The patients included 34
males and 16 females, with a mean age at the time of surgery of
68.1 £11.1 years (£SD, range. 36—84 years). The background liver
disease included normal liver in 22 patients, alcoholic liver dysfunction
in two, chronic viral hepatitis in 15, and cirrhosis due to viral hepatitis
in 11. The operative procedures included hemihepatectomy in 8
patients, segmentectomy or sectionectomy in 18, and partial resection
in 24 (48%). Radio-frequency ablation had been performed in two
patients with small HCC measuring <lcm in diameter. Radical
hepatectomy was performed and hepatic tumors were completely
resected without macroscopic exposure of the amputated section to the
remaining liver.

As a control group, data of 81 patients, including those with HCC in
40, Hver metastasis in 32, and ICC in 9, who underwent hepatectomy
under conventional TOUS between 2004 and 2006, were used for
comparison to those of the present series. The control group included
62 males and 19 females. with a mean age at the time of surgery of
65.2+12.7 years (range, 27-85 years). The operative procedures
included hemihepatectomy in 16 patients, segmentectorny or sectio-
uectomy in 17, and partial resection in 48 (59%). Comparative study
between Sonazoid IOUS group and the conventional group was
historically attempted. All study protocols were approved by the
Human Ethics Review Board of our institution. Informed consent for
data collection was obtained from each patient during this period.
Anesthesia data and patient data were retrieved from the NUGSBS
database.
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Procedure of IOUS and Administration of
Sonazoid Agent

Examination of IOUS and the contrast-enhanced IOUS was
performed using an Xario™ XG (Toshiba Medical Systems, Tokyo,
Japan) and a micro-convex probe (PVT-375BT, 3.5 MHz, Toshiba
Medical Systems) and a interoperative probe (PLT-705BTH, 7.5 MHz).
All intraoperative TOUS were performed by surgeous to help in the
decision on the indication for hepatectomy. At first, we examined the
two-dimensional (2D) images of the tumor and its location, and also
Color Doppler Images of the tumor vasculature [12]. We separately
scanned the shallow area and the deep or bottom area of the liver by
changing the intensity of the echo according to the depth of the tumor.
For tumors located on the liver surface, the liver was covered with
warm saline to reduce the air-gap between the probe and the liver
surface. An intravenous bolus injection of 0.5ml of perflubutane
microbubble (Sonazoid) was administrated via the peripheral vein at
the time of laparotomy incision to observe the Kupffer-phase image at
1-2hr after injection because the microbubbles remain for a long time
[12]. Ou the micro-flow imaging, the contrast harinonic imaging of the
liver and wmor was observed. Dual monitor real-time view of the
conventional 2D image and micro-flow images of Sonazoid—I0US
could be observed. First, the late Kupifer-phase image was observed
under low value of mechanical index (MI: an index of mechanical
impact of the ultrasonic waves on the target) of 0.3 and scanning of the
liver tumor was performed to eusure the integrity of the Sonazoid
microbubble structure, because Sonazoid microbubbles can burst at
high MI (>0.3). The liver tumor was identified as a low contrast
perfusion defect compared with the normal liver parenchyma
(Fig, la,b). Using this image, we examined the tumor morphology,
surrounding daughter nodules, vascular infiltration, scanning of any
tumor lesions that could not be identified by preoperative imaging, and

Fig. 1.

a: Representative late Kupffer-phase image of HCC (arrow) with extra-capsular tamor growth {dotted arrow). b: Kupffer image of

colorectal liver merastasis (white avrow). At the early arterial phase, the HCC image showed hypervascularity in the tumor (c) and vascularity

around the colorectal liver metastasis (d).
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set-up of surgical margin. In the next step. another bolus dose of
Sonazoid was injected to examine the characteristics of the vascular
flow of intra- or extra-tumor lesions at an early vascular phase within
3 min after the injection (Fig. lc,d) [16]. If necessary, vascular imaging
by reperfusion of the tumor after destruction of the microbubbles using
high MI (>1.0) was examined to confirm vascular flow at the arterial
phase [10].

Statistical Analysis

All continuous data were expressed as mean £ SD. Data of different
groups were coinpared using one-way analysis of variance (ANOVA).
Chi-square test was used for comparison of categorical variables. A
two-tailed P-value <0.05 was considered significant. StatView Soft-
ware for Windows, version 5.0 (SAS Institute, Inc.. Cary, NC) was
used for all statistical analyses.

RESULTS

Diagnesis of Liver Tumors by Sonazeid

Table I shows the procedure records of Sonazoid-enhanced TOUS.
Scanning the whole liver by Sonazoid—10US was accomplished in all
patients. Sonazoid injection was performed twice in many cases. No
side effects for Sonazoid injection were registered in the present series.

The mean tumor size was 3.4 &+ 1.9 cm (range, 0.8-6.2 cmn). Table 1
shows the image tindings of Sonazoid—IOUS. We started viewing the
late Kuptfer-phase images and the main liver tumors were clearly
detected as perfusion defects in most cases except for one case with
HCC (weli-to-moderately ditferentiated HCC), which showed an ill-
defined low echoic area. Although intratumor revascularization at the
arterial phase was not clearly confirmed. the poor vascularization was
confirmed by the reperfusion technique. Vascularization of intra- and
extra-turnorous lesion at the arterial or early portal phase within 15 sec
was observed in 92%. Although extra-tumorous enhancemeut of
colorectal liver metastasis, intrahepatic cholangiocellular carcinoma,
and intratumorous vascularization of GIST was observed in all
patients, intratumorous vascularization was not clearly detected in
one case as described above. Tn HCC, a small size lesion (7 mm) was
clearly detected in one, extra-capsular tumor growth of the main tumor
was clearly detected in one case (Fig. 1a), portal vein tumor thrombus
(PVTT) was clearly detected in three (Fig. 2a), and the distance
between HCC and the main hepatic vein was confirmed in five. In
colorectal liver metastasis. infiltration adjacent the Glissonian branch
was detected in one case (Fig. 2b). The preoperative diagnosis in one
case based on enhanced CT and MRI findings was HCC with
hypervascularity; however, the pathological finding showed hematoma
of unknown etiology. Sonazoid—IOUS showed no vascularization in
the tumor region or swrrounding tissue although the Kupffer-phase
images showed a perfusion defect.

New small liver tumors were observed by Sonazoid—IQUS in three
cases (Table II). One 8-mm HCC was detected in segment four in oue
case, which was ablated by radio-frequency coagulation intraopera-
tively. Two colorectal metastases measuring 3 and Smm in size were
detected, which were resected and pathologically diagnosed as liver
metastasis in both cases. In three cases, treatment of liver tumors was

TABLE 1. Records of Contrast-Enhanced Intracperative Ultrasonography
Using Sonazoid

Amount of Sonazoid Number of cases

0.5 ml x twice 47
0.5ml % 3 times

(Y

Adverse effects: nil.

Journal of Surgical Oncelogy

TABLE I1. Findings of Main Liver Tumors and Accessory Lesions by
Sonazeid-IOUS

Main tumors 49/50 (98%)
Clearly visible at the late Kupffer phase
Clearly visible at early Kupffer phase 48/50 (96%)

HCC (intratumor vascularity) 23/25 (92%)

Metastatic GIST (intratumor vascularity) 1711
CCC (swrrounding area of tumor) 3/3
Colorectal metastasis 20/20 (100%)
Hematoma /1

Accessory lesions
Detection of new malignant fesions
Detection of pretreated lesions
Suspicious lesions of malignancies
Differential diagnosis of benign lesions
Small (<1 cm) or multiple cysts
Small (<1 cm) hemangioma

DI S M

applied based on equivocal diagnosis of malignancy by CT or MRI
prevperatively. Radio-frequency ablation was performed in two cases
and transarterial chemoembolization was performed in one. The late
Kupffer-phase images showed complete perfusion defect but uo
vascularization was observed following reinjection or veperfusion
technique in these lesions. Eventually, neither intraoperative biopsy
nor treatiment could be performed because of the small size of the
tumor but tumor relapse was not detected in these lesions after surgery
(the mean follow-up period was 8.6 +4.2 months). We also found

Fig. 2.

Findings of vascular involvements. a: Portal vein thrombus
invasion from HCC (white arrow). b: Colorectal liver metastasis
imvading the adjacent portal vein (arrow).
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Fig. 3. Neighboring cyst of colorectal liver metastasis was clearly
observed on the enhanced images.

suspicious lesions as tumor lesions in five cases. They comprised 3~
5 mm lesions in case of colorectal metastasis and no perfusion defect
images were observed in the late Kupffer phase in three cases.
Furthermore, two other 5~7 mm lesions were suspected as HCC by CT
in two cases; however, no early enhancement or perfusion defect at late
phase was observed. Intraoperative biopsy or treatment was not
performed but no tmor relapse was noted in these lesions after
surgery. The differential diagnosis of benign lesions was made in 10
cases including liver cysts in 7 cases and hemangioma in 3. Tn a case of
liver cyst, the preoperative diagnosis based on MRI was lver
metastasis (Fig. 3). These lesions had typical findings of cysts with
remarkable acoustic back echo and contrast to the liver parenchyma,
while that of hemangioma as a cotton—wool like pooling image. No
biopsy or treatment was performed for these lesions.

Surgical Results Using Sonazoid-10US

We compared the presence of carcinoma at the surgical margin in
patients with liver wumors who underwent hepatectomy under
conventional IOUS (Table Til). The mean tumor size was
42+ 2 5¢m (range, 1.0-6.2 em), which was not significantly different
from that in the Sonazoid—IOUS group (P = 0.18). The propottion of
surgical margin-positive cases using the Sonazoid—IOUS (8%) was not
significantly different from that using the conventional IOUS (17%.
P =0.39). In colorectal liver metastasis and ICC, the proportion of
cases with cancer-positive margin was similar in the two groups (17%

TABLE II1I. Detection of Cancer in Surgical Margin by Sonazoid-I0US
and Conventional IOUS

Cancer-positive Cancer-negative  P-value
All cases
Sonazoid IOUS + 45 0.19
Counventional IOUS 14 o7
HCC
Sonazoid I0US 0 25 0.073
Conventional IOUS 5 34
CLM and ICC .
Sonazoid IOUS 4 20 1.0
Conventional IOUS 8 33

IOUS, intraoperaiive ultrasonography: HCC, hepatocellular carcinoma; CLM,
colorectal liver metastasis; ICC, intrahepatic cholangiocarcinoma.

Jowrnal of Surgical Oncology
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vs. 20%: P = 1.0). In HCC, the proportion of cases with cancer-positive
margin tended to be lower in the Sonazoid IOUS group than in the
conventional JOUS group (0% vs. 15%) but the difference was not
significant (P =0.073).

DISCUSSION

T 2007, a new contrast media of microbubble agent, Sonazoid was
approved for use in Japan for the diagnosis of liver tumors including
HCC, CCC, and liver metastasis [12,13,17-20]. The introduction of
this modality markedly improved the diagnostic accuracy of liver
tumors, to levels similar to those of gadolinium ethoxybenzyl diethyl-
enetriaminepentaacetic acid (Gd-EOB-DTPA)-MRI [10,13,17]. The
use of Sonazoid—IOQUS has allowed the detection of occult lesions
undetected by the conventional US [9,12,19.20]. Particularly, the
Kupffer-phase imaging is a powerful diagnostic tool to identify even
small size abnormal nodules [9]. Following confirmation of the
usefulness of contrast Sonazoid—IOUS, this modality has been applied
in patients uadergoing percutaneous ablation therapy or for evaluation
of treatment-scheduled lesions by RFA or TACE [16,21,22]. The
usefulness of IOUS has been well realized and TOUS is considered a
reliable imaging technique often used to confirm the diagnosis of
intrahepatic tumor lesions [5.6]. In the present study, we expected that
contrast IQUS using Sonazoid would enhance the detection of lesions
based on defining tumor vascularity, location, and decision of sufficient
surgical margin. The advantages of countrast IOUS using Sonazoid were
recently reported in patients with colorectal liver metastasis {12,14,15].
However, the significance of 10US using Sonazoid has not been
investigated and, to our knowledge, its application for HCC and other
liver tumors has not been reported. In the present study, we assessed the
usefulness of Sonazoid TOUS in the detection of various liver tumors as
a preliminary study. Sonazoid injection was safe and not associated
with any side effects, as reported previously [23].

Using the same Sonazoid—IOUS protocol described in previous
studies [17,24], we examined the early arterial phase first followed by
vascularity at the portal phase or perfusion defect images at the late
Kupffer phase [17,24]. However, the procedure is time consuming as it
takes more than 30 min for full examination, and thus needs to be
shortened. The Sonazoid—IOUS allows searching the entire liver for
tumors over a relatively long period by screening for perfusion defect
on the Kupffer-phase images because defect on the images lasts for a
long time due to the stability of the Sonazoid agent [23]. Therefore, we
first examined perfusion defect images after injection of the conirast
medium at laparotomy before any surgical decision is made.
Subseguently, Sonazoid is reinjected or reperfused to examine only
the targeted lesions. Based on this modification, we were able to
shorten the time of examination. In the present series, all liver tumors
could be detected by Sonazoid—IOUS. Of the 30 patients, we
atteinpted preoperative Sonazoid—US in 2 patients who had suspicious
small lesions in segment 8 on magnetic resonance images. However,
these were not detected by preoperative US, Ta contrast, these lesions
could be detected by Sonazoid—10US. Small liver tumors at segment 7
ot 8 are difficult to visualize by extra~corporeal Sonazoid—US because
of lung echogenicity. Therefore, IOUS could overcome the limitation
of the conventional US [12,16], making it a powerful diagnostic tool.
1n one case of well-differentiated HCC, no clear perfusion defect could
be observed. In this regard, Korenaga et al. [17] reported that the
Kuptfer-phase images are excellent in moderately or poorly differ-
entiated HCC [17]. In another case of hematoma that was diagnosed
preoperatively as HCC by CT and MRI, no lesion was detected on
early vascularization images of Sonazoid TOUS, suggesting that
this modality may be more sensitive for differential diagnosis
[9,10.13,17,22,25]. Joshita et al. [18] reported the echoic pattern of
1CC by Sonazoid—US, which showed hypoechoic finding and unclear
margin at Kupffer phase. Tn our series, ICC was observed in two cases,
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which also showed hypovascularity similar to liver metastasis. ICC
sometimes showed hypervascularity on contrast CT as described
previously by our group and others [26,27]. Thus, further studies of a
larger series of patients are necessary to clarify the echogenicity of
ICC.

Occult metastatic lesions, which were not detected by preoperative
examinations and IOUS, were detected in 19-25% and additional
resection was necessary as reported previously [12,14,15]. In the
present study, occult metastatic lesions (i.e., a new small tumor) were
detected in 5 of 50 cases using Sonazoid—IOUS and were later
removed by additional hepatectomy. These metastatic lesions were not
detected by preoperative CT, MRI, or the conventional IOUS, similar
to previous reports [12,28]. In the present series, the new small lesions
were observed near the portal veins. If these lesions were not detected,
they could have invaded the vessels following tumor growth. In HCC,
PVTT is a typical pattern of tumor invasion [29] and it is important to
detect and resect lesions infiltrating the Glissonian pedicles for curable
resection. The present case showed a clear PVTT, with clear
vascularity in the thrombus. The contrast with the portal flow was
very clear and it is easy to detect the extent of PVTT or margin. As this
finding is sometimes difficult to detect by conventional US, Sonazoid

US seems to be more useful for the detection of intravascular tamor

thrombus or vascular infiltration .of liver malignancies.

In patients who undergo hepatectomy, some patients occasionally
undergo ablation therapy or TACE prior to operation. This results in
alteration of the echogenicity of the treated area, appearing as
hypoechoic lesions [21,22,30]. It may be difficult to accurately
differentiate between necrotic lesions and viable tumors by the
conventional US. However, early vascularization in the tumor area or
surrounding region is a sign of tumor viability [31,32] and Sonazoid
US might be useful for the differential diagnosis of tumors or
suspicious lesions in the treated areas.

Luo et al. [19] reported the usefulness of Sonazoid-US for the
diagnosis of both benign and malignant liver tumors. Liver cyst or
hemangioma is a common benign lesion in the liver, and shows typical
ultrasonic findings [19,20,33]. However, differentiating small size
lesion like these from liver carcinomas is often difficult [33]. In the
present study, Sonazoid—IOUS showed a clear contrast between such a
lesion and the liver parenchyma, suggesting that it might be useful for
the detection of such lesions. Vascular enhancement of hemangioma is
typical, which could be easily detected by this modality as well [34].
With regard to other benign liver lesions such as focal nodular
hyperplasia (FNH) or liver adenoma resembling HCC, differential
diagnosis using the Sonazoid—IOUS modality is promising to help in
the clinical decision making regarding the selection of operative
technique during surgery. Although we have no extensive experience
regarding such lesions, Luo et al. [35] reported that the sensitivity of
diagnosis of FNH by the contrast US was as high as 80%.

Eventually, we aim to increase complete resection with negative
surgical margin of carcinomas using the Sonazoid—IOUS. Although
the Sonazoid—IOUS was compared with the conventional IOUS in the
present study, no significant differences were observed. However, in
HCC, a cancer-positive margin was not observed in the Sonazoid—
IOUS group. As prevalence of cancer-positive margin tended to be
lower relative to the conventional IOUS (but not statistically
significant), this modality might be useful to define surgical margin
based on the Kupffer-phase images. We applied Sonazoid—-IOUS
during hepatic resection to observe the surgical margin in the present
series, and the results were not different from the conventional
technique [5,6]. In case of limited hepatectomy, the surgical margin
may become smaller in comparison with major hepatectomy. The
incidence of partial resection tended to'be higher in the control group
than the Sonazoid-IOUS group though no significant difference was
detected in the background between the two groups. As described
above, a small or unclear infiltration of the Glissonian branches can be

Journal of Surgical Oncology

detected by Sonazoid—IOUS and, therefore, it is helpful to reduce the
remnant tumor thrombus in the adjacent vessels in patients with HCC
[29], which could also lead to a negative surgical margin. Sonazoid—
TOUS may help provide better surgical curability in comparison with
the conventional IOUS. Our concern was difficulty in detecting tumor
lesions simultaneously present on the liver surface and back since the
focus on the layer of interest is necessary. It is necessary to change the
MI value according to the depth of the lesion. It is still difficult to detect
tumors on the liver surface of patients with cirrhotic liver. In the
present series, we immersed the liver in saline to find such lésions.
Based on this preliminary study, usefulness of Sonazoid—IOUS was
estimated and, therefore, the further study with a large number of
patients will be necessary in the next step.

CONCLUSION

In conclusion, we have demonstrated that contrast media IOUS
using the new microbubble agent, Sonazoid, allows easy examination
of the location and extent of liver tumors in the whole liver and to
detect occult” tumor lesions and assist in decision making of hepatic
resection. This relatively new imaging modality could become a
standard procedure in patients with liver tumors who undergo
hepatectomy. ‘
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Effect of an oral branched chain amino acid-enriched snack
in cirrhotic patients with sleep disturbance
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Aim: Sleep is closely related to physical and mental health.
Sleep disturbance is reported in patients without encephal-
opathy. We examined the relationship among cirrhotic symp-
toms, laboratory data and sleep disturbances. Next, we
examined the influence of a branched chain amino acid
(BCAA) supplement on sleep disturbance in cirrhotic patients.

Methods: We investigated a total of 21 patients at Nagasaki
University Hospital from January to June 2009. We con-
structed questionnaire items for the evaluation of cirrhotic
symptoms. The items, as major symptoms of cirrhotic
patients, were as follows: hand tremor, appetite loss, muscle
cramp of foot, fatigue, decreased strength, anxiety, abdomi-
nal fullness, abdominal pain and a feeling of low energy. We
used the Epworth Sleepiness Scale (ESS) for the evaluation of
daytime hypersomnolence. Energy supplementation with a
BCAA snack was performed as a late evening snack (LES). All
patients were assessed at the time of entry into the study, and
at 4 and 8 weeks.

Results: It was found that BCAA snack, taken p.o. as an LES,
improved the ESS for cirrhotic patients without encephalopa-
thy. This beneficial result was recognized in the short term,
4 weeks after beginning of treatment. This study demon-
strated the utility of BCAA supplementation for cirrhotic
patients with sleep disturbance. However, the cirrhatic
symptom-related score was positively relation with the Child-
Pugh score at the time of patient entry, and we were unable to
identify the item that related to ESS.

Conclusion: A BCAA snack is a useful drug for cirrhotic
patients who do not have any overt encephalopathy, but who
suffered from sleep disturbance.

Key words: branched chain amino acid supplement,
Epworth Sleepiness Scale, liver cirrhosis, late evening
snack.

INTRODUCTION

HE PATIENTS WITH liver cirthosis (LC) have a wide

range of symptoms. A few cirrhotic patients have
sleep disturbance.! In recent years, it has been reported
that sleep is closely related to physical and mental
health.?? Sleep disturbance is one of the symptoms of
overt hepatic encephalopathy,* but has been reported in
patients without encephalopathy.' In a previous report,’
a questionnaire indicated an elevated number (47.7%)
of cirrhotic patients who complained of unsatisfactory
sleep compared with healthy control subjects (4.5%).
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Additionally, global sleep quality was significantly lower
in the primary biliary cirrthosis group® and the non-
alcoholic fatty liver disease group® compared to control
subjects. In Japan, the overall prevalence of insomnia
during the preceding month was found to be 21.4%
among the general Japanese population.” In the present
study, we examined the circumstances of the sleep dis-
turbances in Japanese cirrhotic patients.

The relationship between sleep disturbance and var-
iegated cirrhotic symptoms are still not clear. Previous
reports indicated that sleep disturbances are not related
to liver function."® It has been reported that fatigue in
non-alcoholic fatty liver disease patients is significant,
and is associated with excessive daytime sleepiness but
not with insulin resistance.® Because of the emergence
of sleep disturbances in cirrhotic patients without
encephalopathy, the relationship between sleep distur-
bances and cirrhotic symptoms, excluding encephalopa-
thy, should be examined. In this study, we constructed

971

- 380 -



972 T. Ichikawa et al.

an original symptom evaluation, and examined the rela-
tionship between sleep disturbance and other cirrhotic
symptorms.

The energy balance -of LC was characterized as
protein-energy malnutrition (PEM), involved disorder
of glycolysis, decline of glycogenosis, negative nitrogen
balance and hyper-lipolysis.”-** PEM carries a high risk
of morbidity and mortality by increasing the risk of
life-threatening complications, which in turn reduce
quality of life (QOL) independently of liver func-
tion.!>3 Recently, branched-chain amino acids (BCAA)
supplementation in patients with liver disease has
gained attention. The administration of BCAA has been
shown to correct malnutrition associated with LC in
both animal and human studies.'*** Additionally, it has
been reported that long-term nutritional BCAA supple-
mentation is useful to prevent prognostic hepatic failure
and to improve surrogate markers in advanced LC."*""
It has been described that BCAA supplementation is
effective in downregulating protein metabolism in LC
patients, thereby improving nitrogen balance and ulti-
mately resulting in better clinical outcomes.'*'*" It has
also been speculated that the mechanisms involved in
the beneficial effects of BCAA might be mediated by
their stimulating activity on hepatocyte growth factor,
favoring liver regeneration.” Previously, we indicated
that a BCAA supplement taken p.o. as a late evening
snack (LES) prevents the suppression of liver function
by transcatheter arterial chemoembolization (TACE) in
patients with LC complicated with hepatocellular carci-
noma (HCC) during the 2-week period after TACE
intake. However, BCAA is a useful drug for the
treatment of patients with hepatic malnutrition and
encephalopathy, but the influence of BCAA on sleep
disturbances has not yet been reported. Therefore, we
examined the influence of BCAA supplementation on
sleep disturbance symptoms in cirrthotic patients.

METHODS

Patients

E INVESTIGATED A total of 21 patients at

Nagasaki University Hospital, including nine
male subjects and 11 female patients from January to
June 2009 (Table 1). All patients had LC without HCC,
a history of hepatic encephalopathy, chronic renal
failure, the use of BCAA supplements, an albumin
preparation refill or alcohol drinking. The diagnosis of
HCC was based on the findings on contrast enhance-
ment computed tomography scans and magnetic reso-
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nance imaging. Hepatic encephalopathy was diagnosed
by the clinical findings. All patients had been diagnosed
with LC by the laboratory data and imaging findings at
the time of entry into the study, and patients were not
prescribed BCAA supplementations prior to this study.
After balancing both groups for sex, age, Child-Pugh
score (CPS), cirrhotic symptom-related score (CSS) and
albumin level, patients were randomized into two
groups: the BCAA-enriched supplementation group and
the control group. No patients in either group suffered
overt hepatic encephalopathy or HCC during the obser-
vation period. We followed all patients in our hospital.

Laboratory measurements

Laboratory data, anthropometric measurements and
survey by questionnaire were performed at the time of
entry, 4 weeks later and 8 weeks later. The body mass
index (BMI) was calculated as weight (kg) divided by the
square of the height (m). Laboratory measurements
were as follows: white blood cells (WBC), red blood
cells {RBC), platelets (Plt), prothrombin time (PT),
blood ‘urea nitrogen (BUN), creatinine (Cr), aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), y-glutamyl transpeptidase (y-GTP), alkaline
phosphatase (ALP), total bilirubin (TB), total protein
(TP), albumin (Alb), total cholesterol (TC), cholinest-
erase (ChE), triglyceride (TG), fasting blood glucose
(FPG), ammonia (NH3) and BCAA/tyrosine ratio
(BTR). ‘

Survey by questionnaire

We constructed questionnaire items for the evaluation
of cirthotic symptoms. The items, as major symptoms of
cirthotic patients, included hand tremor, appetite loss,
muscle cramp of foot, fatigue, decreased strength,
anxiety, abdominal fullness, abdominal pain and a
feeling of low energy. For each item, we calculated the
“impact factor”, or the product of proportion of patients
who identified the item as a problem (frequency), and
the mean importance attributed to that item. The impact
factor for each item ranged 0-6. We investigated the
total of the impact factors (CSS). We then used the
Epworth Sleepiness Scale (ESS)*? for the evaluation of
daytime hypersomnolence. The ESS score ranged 0-24,
and a score of 10 or more was indicative of a significant
daytime hypersomnolence patient. All patients were
assessed by the CSS and ESS at the time of entry, and at
4 and 8 weeks.

Protacol for intake of BCAA-enriched snack

We used a BCAA-enriched snack (Aminoleban EN;
Otsuka Pharmaceutical, Tokyo, Japan) for supplemen-
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Table 1 Clinical characteristics at the time of patient entry

Character =~ BCAA group Control group
(n=12) (n=9)
Disease Viral/alcoholic/other:  Viral/alcoholic/other:
8/2/2 6/2/2

Sex 7:5 4:5

(female :

male)
Child-Pugh 6.36+£1.65 6.33+1.62

score :
BMI 25.6%5.61 23.81+3.86
Age 66.2+8.21 67.4+9.86
TP 7.29+0.65 6.63 % 0.804
Alb 3.57+0.83 3.44+0.663
WBC 2972 +970 28513940
RBC 381+82.0 359+71.9
Plt 7.01+£2.02 9.28+3.86
PT 65.1+15.7 75.3+21.7
BUN 15.4 557 17.3+522
Cr - 0.745+0.112 0.8691+0.186
AST 451+227 47.0+£193
ALT 359+270 38.8£20.9
ALP 431.4+£217.7 344.8 £ 150.6
¥-GTP 74.0%£99.1 6931+ 68.2
TB 1.57+£0.735 1.01+£0.704
BTR 3.35+1.78 3.50%+1.53
NH3 64.9 £ 30.6 75.3+523
ChE 176.2+115 150.2 £ 66.4
TC 159.4 +30.7 137.1+354
TG 63.0+33.2 743234
FPG 107.4.8+27.2 115.4+272
CSS 17.4£8.1 16.7+10.1
ESS 7.73£4.47 4,67 +3.35

Data are shown as the mean * standard deviation and numbers
by the statistical analyses using a Mann-Whitney U-test to
compare means and the y?-test to compare values. Statistically
significant differences between the BCAA and control groups
were not detected.

Normal values in laboratory tests: ALT (IU/L), 5-40; AST (IU/L),
10-40; v-GTP (IUI/1), <70 in men, <30 in women; TP (g/d!}),
6.7-8.3; ALB (g/dL), 4.0-5.0; WBC (/uL), 3500-9000; RBC
(x10%*/uL}), 450~580 in men, 380~480 in women; Plt (x10%/uL),
14-33; PT (%), 70-130; BUN (mg/dL), 8.0-22.0; Cr (mg/dL),
0.61-1.04 in men, 0.47-0.79 in women; ALP (IU/L), 115-359;
ILDH (/1) 119-229; TR (mg/d-), 0.3-1.5; BTR, 5-9.5; NH3
(ng/dL), <75; ChE (IU/L), 214-466; TC (mg/dL), 128-220; and
TG (mg/dL), 38-150; FPG (mg/dL), 70-110.

Alb, albumin; ALP, alkaline phosphatase; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; BCAA,
branched chain amino acid; BTR, BCAA/tyrosine ratio; BUN,
blood urea nitrogen; ChE, cholinesterase; Cr, creatinine; CSS,
cirrhotic symptom-related score; ESS, Epworth Sleepiness Scale;
FPG, fasting blood glucose; NH3, ammonia; Plt, platelets; PT,
prothrombin time; RBC, red blood cells; TB, total bilirubin; TC,
total cholesterol; TG, triglyceride; TP, total protein; WBC, white
blood cells; y-GTP, y-glutamyl transpeptidase. BMI, bodyweight
(kg) / height (m) / height (m).
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tation of the LC patients. The treated patients were
begun on a daily p.o. BCAA snack (50 g) at 22.00 hours
each day from the time of entry and continued after
entry for 8 weeks. Aminoleban EN was contained in the
snack, which had 13.5 g protein, high levels of BCAA
and low levels of the other amino acids, and had a
Fischer ratio of 38, and 210 kcal of energy per 50 g pack.
The energy supplementation of the BCAA snack was
taken as an LES.? Patients in the BCAA group carried on
intake of BCAA snack after the conclusion of the present
study. Furthermore, patients in the control group did
not take the BCAA snack. The patients were instructed to
maintain a diet containing 30-35 kcal and 1.2-1.3 g of
protein/kg of ideal bodyweight/day. In the BCAA group,
the patients were educated to adjust their total energy
intake by subtracting 210 kcal of the BCAA snack from
the meals. In the control group, the control rice ball as
an LES provided 210 kcal of energy and 9 g of protein.
Nutritional intake was evaluated for all patients by dieti-
tians at the initial period, and at 4 and 8 weeks after
initiation of BCAA supplementation.

Statistical a'nalysis

Data were processed on a personal computer and ana-
lyzed using StatView ver. 5.0 software program. Differ-
ences in the laboratory data were analyzed by the
Mann-Whitney U-test and y>-test for numbers. In addi-
tion, the relationship with items was evaluated by the
coefficient of correlation. P < 0.05 were considered to be
statistically significant. :

RESULTS

HIS STUDY INCLUDED 21 patients, randomized

either to the BCAA group (n=12) or the control
group (n=9). The baseline clinical characteristics are
outlined in Table 1. The Child-Pugh classifications A, B
and C were 6, 5 and 1, and 5, 3 and 1 in the BCAA and
control groups, respectively. Hepatitis B viral infection
and hepatitis C viral infection in the BCAA and control
group were present at equal frequencies. The other eti-
ology describes one of autoimmune hepatitis and one of
cryptogenic in the BCAA group and one of primary
biliary cirthosis and one of non-alcoholic steatohepati-
tis in the control group; all other etiology patients were
female. All patients were outpatients during the obser-
vation period and were not admitted into the hospital.
In the BCAA group, adverse effects of BCAA snack were
not identified. The nutritional intake was not different
during the initial period or at 4 or 8 weeks after begin-
ning the snack. The LES of the BCAA snack were well

© 2010 The Japan Society of Hepatology
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Table 2 Variation of laboratory data from entry to 8 weeks
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Laboratory data 8 weeks after entry 8 week-entry BCAA Control

BCAA Control
BMI 26.1+524 23.7+4.00 0.234+0.543 —0.097 £ 0.827
TP 7.18 £0.656 6.66 £0.835 -0.133+0.42 0.038 + 0.66.
Alb 3.52+0.67 3.43+0.732 -0.017 £ 0.46 -0.013£0.20
WBC 3391+91182 2900 £ 1009 308.3+588 48 £ 560
RBC 385+77.6 353+70.9 6.011£36.6 —-6.44t24.4
Plt 7.39+t244 10.26 £5.07 -0.133 £ 0.856 0.978 £1.646
PT 66.11+147 71.7+155 —443+27.4 -3.59+8.18
BUN 14.8 £ 4.37 18.3+5.99 -0.58+4.00 1.00+541
Cr 0.77£0.112 0.89+0.209 0.23£0.053 0.23+£0.063
AST 44.5+£15.73 45.01+16.2 -200+149 -1.50+23.8
ALT 33.3+14.09 29.6+11.0 -2.58+25.0 -922+19.3
ALP 412.4 % 180.1 358.9+150.1 -21.4% 141 140t 64.2
¥-GTP 76.8£103.1 53.1+384 6.58+21.3 -16.2+37.2
T8 1.33 £0.799 0.80 £0.654 -0.25+0.487 -0.21+0.262
BTR 3.69£1.90 3.86+1.50 0445+1.17 0.364+0.795
NH3 72.6 £31.64 63.9+340 8.63+21.2 -123+18.1
ChE 175.0+94.3 147.7+74.6 2421424 -256%18.7
TC 147.5£30.0 127.6 £28.7 -9.67+195 -9.56+183
TG '52.0+18.2 58.7+42.7 -125+12.8 ~7.00%23.3
FPG 105.7+£73.2 111.6+24.2 21.7+713 —-45.6 +77.6

“8 week-entry” is an increment value in which the data of pre-treatment is pulled from the data of 4 weeks after the observation
beginning. Data are shown as the mean £ standard deviation and numbers, with the statistical analyses using a Mann-Whitney U-test to
compare means. Statistically significant differences between the BCAA and control groups were not detected. Normal values in the
laboratory tests were same as in Table 1.
Alb, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCAA, branched chain amino
acid; BTR, BCAA/tyrosine ratio; BUN, blood urea nitrogen; ChE, cholinesterase; Cr, creatinine; CSS, cirrhotic symptom-related score;
ESS, Epworth Sleepiness Scale; FPG, fasting blood glucose; NH3, ammonia; Plt, platelets; PT, prothrombin time; RBC, red blood cells;
TB, total bilirubin; TC, total cholesterol; TG, triglyceride; TP, total protein; WBC, white blood cells; y-GTP, y-glutamyl transpeptidase.

BMLI, bodyweight (kg) / height (m) / height (m).

tolerated, and there was a good level of compliance in
all patients of the BCAA group.

The laboratory data at 8 weeks and variation between
at entry and 8 weeks are shown in Table 2. In the 8-week
analyses, the laboratory data were equivalent between
the BCAA and control groups. In the variation between
the time of entry and 8 weeks in the groups, all labora-
tory data were equivalent between the BCAA and
control groups. The BMI and BMI variation at 8 weeks
were not significantly different between the two groups.

However, the laboratory data and BMI did not change
between the time of entry and at 8 weeks, and the CSS
and ESS were influenced by the BCAA snack (Fig. 1). The
CSS (mean # standard deviation [SD]} was 17.12 £ 7.76
and 16.7 £ 10.1 at the time of entry, 16.08 +5.94 and
18.3+10.4 at 4 weeks and 11.7 £5.23 and 17.9 £10.5

at 8 weeks (Fig. 1a). At 8 weeks in the BCAA group, the

score showed a declining trend compared to the time at
entry. The differences at the time of entry, at 4 weeks

© 2010 The Japan Society of Hepatology

and at 8 weeks appeard to have a declining trend in
the BCAA group (Fig. 1b). “4W-entry”, “8W-entry” and.
“8W-4W” were also -1.08+7.60 and 1.667 +2.96,
—-4.42+557 and -0444+279, -550%+10.3  and
1.22+4.32 in the BCAA and control groups, respec-
tively. On the contrary, ESS is recognized to have statis-
tical siginificance following BCAA treatment (Fig. 1c,d).
ESS (meant 8D} was 7.67 + 4.21 and 4.67 £ 3.35 at the
time of entry, 5.50 +3.15 and 5.78 £3.528 at 4 weeks
and 4.81+2.19 and 5.78+3.27 at 8 weeks (Fig. 1c).
However,the value of ESS was not significantly different
at the indicated period in either group. The differences
at the time of entry and at 4 and 8 weeks were calculated
(Fig. 1b). “4W-entry”, “8W-entry” and “8W-4W” were
-2.16+346 and 1.11+1.364, -0.917+1.78 and
-0.00 £ 0.866, —=3.08+3.66 and 1.11+1.17 in the
BCAA and control groups, respectively. It was under-
stood that a significant decrease of ESS had already
begun by the fourth week after the beginning of treat-
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Figure 1 The transition of cirthotic symptom-related score and Epworth Sleepiness Scale (ESS) duting the follow-up period. The
values of cirthotic symptom-related score (a) and ESS (c) at 4 weeks and 8 weeks. Changes in the cirthotic symptom-related score
(b) and ESS (d). “4W-entry” is an increment value in which the data of pre-treatment was pulled from the data of 4 weeks after the
obsexvation began. “8W-entry” and “8W-4W” were also calculated as the differences between the two indicated periods. The black
box indicates the mean value in the observation group. The gray box indicates the mean value in the branched-chain amino acid

group. *P<0.1. **P<0.05. ***P<0.01.

ment. The decrease became more significant by the
eighth week after beginning the treatment (Fig. 1d).

Finally, we examined the factors that were related to
ESS at the time of entry. At entry, the CSS was positively
related with the CPS (R = 0.545), but was not related to
ESS (Fig. 2a,b). Additionally, ESS was not related to the
CPS (Fig. 2c), or to items of the CSS and laboratory data
(BMI, WBC, RBC, Plt, PT, BUN, Cr, AST, ALT, y-GTP,
ALP, TB, TP, Alb, TC, ChE, TG, FPG, NH3 and BTR) at
the time of entry. In the comparison at the time of entry
and 8 weeks after, ESS was improved only in the BCAA
treatment group, and we experienced only one subject
who had ESS or CSS that became more negative in the
control group (Fig. 2d}.

There were four cases that had an ESS score of 10 or
more in the BCAA group. The ESS at the time of entry
and at 4 and 8 weeks was 17, 7 and 5 in a 50-year-old
female patient who suffered fiom hepatitis B virus infec-
tion (CPS =6 and CSS=15), 10, 6 and 6 in a 55-year-
old male patient who suffered from excessive alcohol
consumption (CPS =7 and C§S=30),12,13and 9ina
71-year-old female patient who suffered from hepatitis
B virus infection (CPS =5 and CSS=23) and 10, 5 and
5 in a 73-year-old male who suffered from excessive
alcohol consumption (CPS =5 and CSS=6). Three of
four patients had a diminished ESS score at 4 weeks
compared with that at the time of entry, all patients were
improved to an ESS of under 10. The ESS at entry, 4 and

© 2010 The Japan Society of Hepatology
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Figure 2 The scatter graph of Epworth Sleepiness Scale (ESS), cirthotic symptom-related and Child-Pugh scores. The scatter graph
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from 8 weeks after entry (d). The increment value was the difference from 8 weeks after entry. Black cirdes indicate the patients in
the observation group. Gray dircles indicate the patients in the BCAA group. The relationship between the cirrhotic symptom-related
score and the Child-Pugh score was positively and statistically correlated.

8 weeks was 11, 13 and 12 in a 77-year-old male patient
who suffered from hepatitis C virus infection (CPS =7
and CSS = 30) in the control group.

DISCUSSION

N THE PRESENT study, we found that a BCAA snack,

which was taken p.o. as an LES, improved the ESS for
cirthotic patients without encephalopathy. This benefi-
cial result was recognized in the short term, at 4 weeks
after beginning of treatment, and demonstrated the
availability of BCAA supplementation for cirrhotic
patients with sleep disturbances. However, the CSS was
positively correlated with the CPS at the time of patient
entry, but we were not able to identify the item that was
related to ESS.

©® 2010 The Japan Society of Hepatology

The frequency of sleep disturbance in cdirhotic
patients was not evaluated in this study, because we did
not assign a normal healthy control group. An ESS of 10
or higher, indicating significant daytime hypersomno-
lence, was present in five of 21 cirrhotic patients
(23.8%), and all cirthotic patients had 2 mean ESS of
6.38. In a previous report,” it was described that a mean
ESS of 5.6 in 144 healthy control cases was lower than
the Parkinson's disease group. In another study,® it was
reported that cirthotic patients had a mean ESS of 6.66
(6.17 in healthy control subjects), and 15.7% of the
subjects had an ESS of greater than 10 (12.9% of healthy
controls). In a primary biliary cirthosis study,” it was
reported that patients had a mean ESS of 9 (5 in healthy
controls), and more than 50% of these subjects had an
ESS of greater than 10 (15% of healthy controls}. We
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believe that our ESS data from cirrhotic patient is
consistent with previous studies. In addition, all of the
patients with significant daytime hypersomnolence
demonstrated an improvement in their symptoms after
regularly consuming the BCAA snack in this study.

The mechanism of sleep disturbance in cirrhotic
patients is still unclear. It has been considered that sleep
disturbance is an early sign of hepatic encephalopathy
and a symptom of minimal hepatic encephalopathy
(MHE), which is characterized by cognition dysfunction
without overt encephalopathy.® There is no current
consensus on how MHE should be diagnosed. However,
there are several requirements for the diagnosis of MHE:
a normal mental status at the time of clinical examina-
tion; documentation of neurological impairment by
multiple methods; and the exclusion of other distur-
bances that may cause neurological impairment.” In
this study, our patients had a normal mental status and
did not have other neurological impairments, which
were not documented. Therefore, our patients were not
diagnosed with MHE. However, it is likely that a thor-
ough evaluation for a relationship with MHE and sleep
disturbance is necessary. Previous reports suggested that
the psychometric test was not correlated with ESS,* but
there was no relationship between sleep and cognitive
performance either at baseline or in relation to treat-
ment.”” There was a positive correlation with the MHE
and CPS,* but there was no correlation between sleep
disturbance and CPS." In this study, ESS was not related
to liver function or the CSS. It has been considered
that MHE is a cause for sleep disturbance in cirrhotic
patients, but another inducer of sleep disturbance may
be the cirrhosis itself.

It has been speculated in several studies that the rela-
tionship between sleep disturbance and MHE may be
due to the deterioration of the circadian rhythm."* In
particular, melatonin and its metabolite regulate circa-
dian rhythm and are involved in hepatic metabolism
and cause sleep disturbances for the delayed sleep
phase, in which the melatonin levels peak significantly
later in cirthotic patients.® However, it was reported
that cirthosis does not shift the circadian phase of
plasma fibrinolysis.”” Because we did not evaluate sleep
phases in the present cirrhotic patients, it is necessary
to evaluate abnormal crcadian variations in future.
However, the BCAA snack was effective for ameliorat-
ing sleep disturbances in cirrhotic patients. Tryptophan,
an aromatic amino acid, elevated in cirrthotic patients,
is the precursor for the neurotransmitter 5-
hydroxytryptamine (5-HT), which is involved in fatigue
and sleep.®®* In a previous report,®’ it was suggested

Effect of BCAA for LC with sleep disturbance 977

that BCAA supplementation may help to counteract the
effects of an increase in free plasma tryptophan. It has
been suggested that the plasma BCAA concentrations
may influence brain function and affect appetite, physi-
cal and mental fatigue, mental performance and physi-
cal endurance.® In other reports, it has been described
that the p.o. intake of BCAA may reduce tryptophan
uptake and 5-HT synthesis and release, thereby delay-
ing fatigue.*® Recently, it was reported that fatigue in
patients with liver disease is significantly associated
with excessive daytime sleepiness and a high average
ESS.® In this study, ESS was not related with our indi-
cated data, but it will be necessary to examine the par-
ticdpations of the factor, for instance, fatigue, in future
studies. ’ ,

In the present study, no difference in BTR was found
between the BCAA and control groups. We speculated
that the cause is the short treatment period. In previous
reports, the elevation of BTR was observed at 3 months™
and 1 year* after BCAA supplementation {Aminoleban
EN). However, the elevation of BTR in the BCAA group
at 8 weeks might be caused by an increased number of
entry cases. '

Because benzodiazepines should not be used for cir-
rhotic patients with sleep disturbances,* the availability
of the BCAA snack for cirthotic patients with sleep dis-
turbances must be verified. Previous reports showed that
BCAA can be a psychotropic drug which directly acts on
the central nervous system.* Restless legs syndrome and
obstructive sleep apnea syndrome are known to be the
cause of sleep disturbances in cirrhotic patients.“** The
cause of sleep disturbance and the relationship with
prognosis and sleep disturbance will therefore be exam-
ined in future studies.
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Macrophage-Dominant Sialadenitis in Human T-Cell Leukemia' Virus
Type I-Associated Myelopathy After Living-Donor
Liver Transplantation

H. Nakamura, T. Ichikawa, T. Nakamura, A. Kawakami, N. lwamoto, T. Matsuzaki, H. Miyaaki,
S. Yamasaki, H. Ida, S. Eguchi, T. Hayashi, K. Nakao, T. Kanematsu, and K. Eguchi

ABSTRACT

A 64-year-old man who suffered from human T-cell leukemia virus type I (HTLV-I)-
associated myelopathy (HAM) after living-donor liver transplantation (LDLT) for liver
cirrhosis due to hepatitis C virus infection complained of xerostomia. Although exocrine
function test results were positive, autoantibodies including anti-SS-A/SS-B antibodies and
sialography showed negative findings. Labial salivary gland biopsy revealing infiltration of
60 counts of mononuclear cells (MNCs) in minor salivary glands led to a diagnosis of
Sjogren’s syndrome-like sialadenitis. Immunohistochemistry demonstrated dominant
CD68 staining and major histocompatibility complex class IT on the surface of infiltrating
MNCs. Herein we have reported a rare condition of macrophage-dominant sialadenitis in

a patient with HAM after LDLT.

OTH hepatitis C virus (HCV) and human T-cell leu-
kemia virs type I (HTLV-I) have been reported to be
associated with the onset of Sjogren’s syndrome (SS)."2
Because HCV infection demonstrates exocrine dysfunction
along with sialadenitis, the American-European Consensus
Group for SS excluded HCV infection in the diagnosis of
SS.2 We have previously reported that an epidemiological
study showed a high prevalence of SS in anti-HTLV-I
antibody—positive subjects.* In this case, 2 complication of
HTLV-I-associated myelopathy (HAM) after living-donor
liver transplantation (LDLT) has recently been reported.®
Herein, we have additionally reported the emergence of
unusual sialadenitis in this patient.

CASE REPORT

The complication of HAM in this patient was already reported by
Soyama et al.® Briefly, LDLT was performed for a patient who had
decompensated liver cirrhosis due to HCV infection in August
2002. Both the patient and his younger sister donor were seropos-
itive for anti-HTLV-I antibody. Immediately after LDLT in Octo-
ber 2002, interferon (IFN) a-2b and ribavirin were administered
after we confirmed recurrence of the HCV infection, but HAM
appeared 18 months after LDLT. Although pegylated IFN o-2b
and ribavirin were administered for 48 weeks against the HCV
infection, no response was observed to the recurrent active hepa-
titis.

When the patient was admitted in September 2008, xerostomia
was newly detected. The new clinical manifestations of HAM

© 2010 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710
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included spastic gait and bladder symptoms. Elevation of éspartate
aminotransferase (53 IU/L), alanine aminotransferase (47 TU/L),
and immunoglobulin (Ig)G (2630 mg/dL) were observed with
normal total bilirubin (0.7 mg/dL). Type IV collagen and quanti-
tative HCV ribonucleoprotein were elevated at 290 ng/mL (not-
mal, <140) and 7.1 log TU/mL (normal, undetected) with reduced
total branched chain amino acids (285 xmol/L; normal, 379-688).
A liver biopsy, which had resulted in a hospital admission in
September 2008, showed chronic hepatitis with fibrous enlarge-
ment of the portal area, inflammatory cell infiltration, and piece-
meal necrosis. The relative copy number of HTLV-I against
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B-globin in the peripheral blood sample was 2.56 X 10%/10* cells by
real-time polymerase chain reaction. Along with xerostomia, both
the Saxon test (1.1 g/2 minutes; <2 g, positive) and Schirmer test (3
mm/5 minutes; <5 mm, positive) were positive with negative results
for anti-SS-A/SS-B antibodies and sialography. However, minor

salivary gland biopsy (Fig 1A) demonstrated more than 60 counts -

of mononuclear cell (MNC) infiltration, which were confirmed as
dominantly macrophages. Although the patient showed signs of
xerostomia, positive exocrine dysfunction, and MNC infiltration
into the minor salivary gland (MSG), SS was excluded according to
the criteria determined by the American-European' Consensus
Group.® Immunohistochemistry using monoclonal antibodies for
MSG demonstrated positive staining of CD68 on the infiltrating
MNCs (Fig 1B). Compared with the prevalence of CD68, the
prevalence of CD4 (Fig 1C) or CD8 (Fig 1D) was less than that of
CD68, macrophage. Major histocompatibility (MHC) class II was
found in human tonsil as a positive control (Fig 1E) and MNCs in
the MSG of this patient (Fig 1F). Written informed consent for the
use of the biopsy specimen was obtained from the patient. -

DISCUSSION

HCV-related SS has been reported to be characterized by a
high prevalence of cryoglobulinemia with a low frequency
of anti-SS-A/SS-B antibodies.® In our case, sialadenitis
without SS-related autoantibodies was compatible with the
characteristics of HCV-related SS. However, HCV infec-
tion usually shows infiltration of CD4+ T lymphocytes into
the MSG, which is incompatible with the present macroph-
agic infiltration. Furthermore, it has previously been re-

A

Fig 1. Phenotypic markers expressed in the minor salivary glan
(MSG). Immunohistochemistry was performed for formalin-fixed,
paraffin-embedded sections (3-pum thick) from the MSG using
the streptavidin-biotin method. Primary antibodies were used as
follows: (A) hematoxylin-eosin staining, (B) CD68, (C) CD4, (D)
CD8, (E) MHC class Il staining in human tonsil (positive control),
and (F) MHC class |l staining of the MSG of the patient. (Original
magnification for A-D and F, X200; E X100.) Hematoxylin was
used as a counterstain.

NAKAMURA, ICHIKAWA, NAKAMURA ET AL

ported that IFNs have the potential to-cause autoimmune
diseases, such as autoimmune thyroid diseases, systemic
lupus erythematosus, rheumatoid arthritis, or SS.™® Unoki
et al reported that administration of IFN-alpha-2b for a
patient with type C chronic active hepatitis induced SS with
sicca symptoms and elevation of autoantibodies, suggesting
that IFN per se has a potential to form autoimmune
disorders in patients with viral hepatitis.®

With regard to HTLV-I infection, prognosis of HTLV-
I-positive renal transplant recipients has been previously
reported,’® observing that both living-related and cadaveric

- kidneys from HTLV-I carriers may be used for HTLV-I-

seropositive recipients because of the low occurrence of
adult T-cell leukemia. HTLV-I is also one of the candidates
to trigger sialadenistis. We have previously reported a high
prevalence of SS among patients with HAM.? However, the
predominant phenotype of MNCs in HAM-SS patients was
CD4+ T lymphocytes, which was similar to the type of
MNCs in HTLV-I-seronegative SS patients.

Previously Ishiguro et al*! established a rat model of
HTLV-I infection in which massive foamy macrophages
infiltrated the spinal cord and clinical manifestations of the
rat resembled those of HAM patients. Meanwhile, our
patient showed macrophage-dominant MNC infiltration
into the MSG. Although the pathogenesis of the rat model
might be different from that of human HAM, because
lymphocytic infiltration is an apparent characteristic of
HAM patients, an unrecognized trigger might have induced
infiltration of macrophages into the MSG in our patient.

Graft-versus-host disease (GVHD) is considered to be a
candidate cause of sialadenitis. Fujiwara et al’> have previ-
ously reported sialadenitis in experimental GVHD in an
animal model, in which nonirradiated mice were injected
with spleen cells developing chronic GVHD. In their re-
port, sialadenitis was observed predominantly with CD4+ T
lymphocytes, although with. a low frequency of macro-
phages, B cells, or plasma cells. However, chronic GVHD
has rarely been reported after LDLT. Sun et al® reported
a case of GVHD at 4 months after cadaveric liver trans-
plantation. In their report, the patient showed gastrointes-
tinal symptoms, which were determined to be T-lymphocyte
infiltration based on a colonic biopsy. )

In summary, ‘the mechanism by which sialadenitis is
induced remains to be clarified. However, both active
hepatitis and HAM have the potential for viral-induced
recruitment of mononuclear infiltration. Furthermore, dou-
ble viral infection may provoke a strong elimination reac-
tion compared with a single viral infection: Although an
aritiviral reaction is considered to be increased by innate
immunity through Toll-like receptors,** intense antigen-
presentation capacity might be yielded by induction of
macrophages.
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Abstract

transplantation (LDLT).

BACKGROUND: Although the effect of synbiotic therapy using prebiotics and probiotics has been
reported in hepatobiliary surgery, there are no reports of the effect on elective living-donor liver

METHODS: Fifty adult patients undergoing LDLT between September 2005 and June 2009 were

randomized into a group receiving 2 days of preoperative and 2 weeks of postoperative synbiotic
therapy (Bifidobacterium breve, Lactobacillus casei, and galactooligosaccharides [the BLO group]) and
a group without synbiotic therapy (the control group). Postoperative infectious complications were
recorded as well as fecal microflora before and after LDLT in each group.

RESULTS: Only 1 systemic infection occurred in the BLO group (4%), whereas the control group
showed 6 infectious complications (24%), with 3 cases of sepsis and 3 urinary tract infections with
Enterococcus spp (P = .033 vs BLO group). No other type of complication showed any difference

between the groups.

CONCLUSIONS: Infectious complications after elective LDLT significantly decreased with the
perioperative administration of synbiotic therapy.
© 2010 Elsevier Inc. All rights reserved.

The bowel has bacterial flora, in which 100 billion bac-
teria are present with a weight of 1 kg. ! Bacterial translo-
cation can occur if the intact environment is compromised,
leading to the provocation of several cytokine networks and
multiple organ failure in the end.>” Liver transplant recip-
ients in particular usually have a long history of liver dis-
ease and suffer portal hypertension, which leads to malnu-
trition.® Therefore, the mucosa of their bowels could be

" * Comresponding author: Tel.: 81-958-49-7316; fax: 81-95-849-7319.
E-mail address: sueguchi @net.nagasaki-u.ac.jp
Manuscript received November 15, 2009; revised manuscript February
8, 2010

0002-9610/$ - see front matter © 2010 Elsevier Inc. All rights reserved.
doi:10.1016/j.amjsurg.2010.02.013 .

atrophic and more susceptible to bacterial translocation,
which leads to endotoxemia and multiple organ failure.””

“Synbiotic therapy” is the medical term for compiehen-
sive prebiotic therapy combined with probiotic therapy.'? It
has been used for the amelioration of stool character, the
suppression of toxic substances, and immunomodulation for
various infectious diseases and is reported to provide good
therapeutic efficacy.”™!" Probiotics are bacteria that can
provide beneficial effects by maintaining the balance of
resident bacteria in the bowel, such as bifidobacteria and
lactobacteria.'*!* Generally, probiotics increase the intesti-
nal motility and stabilize the intestinal barrier for bacterial
location.'*1'3 Furthermore, probiotics, which are living bac-

= 41 =



- Control group (n = 25) .

teria, can protect the innate immune system with cytokine
modulation. By contrast, prebiotics are an ingredient made
from food and delivered to the large bowel, which can
- stimulate the proliferation of beneficial bacteria such as
bifidobacteria. Prebiotics can reach the colon without any
transformation and serve as nutrition for probiotics.? Syn-
biotic therapy reduces the rate of infection after pylorus-
preserving pancreaticoduodenectomy,'® major hepatectomy
for bile duct cancer,'” deceased-donor whole-liver trans-
plantation,'®'® and acute pancreatitis.”® However, no re-
ports have indicated whether infectious complication can be
reduced by synbiotic therapy after living-donor liver trans-
plantation (LDLT). Because LDLT is always partial trans-
plantation, postoperative portal hypertension is higher in
LDLT compared with whole-liver transplantation.?"
Therefore, this prospective randomized controlled study
was conducted to determine if synbiotic therapy during the
perioperative period is effective in reducing infectious com-
plications for recipients undergoing LDLT.

Methods

Patients

This prospective study was approved by the local insti-
tutional review board at Nagasaki University Hospital, and
written informed consent was obtained from all patients.

Fifty liver transplant recipients at Nagasaki University
Hospital treated between June 2005 and June 2009 were
enrolled in this study. The a error was set at 5%, with power
of 80%. According to previous reports, infectious compli-
cations occur'in 40% of liver transplant recipients and could

be reduced by synbiotic therapy to 10%.'®'® Therefore, the
calculated sample size was 25 patients for each group.
Patients were randomly assigned to groups receiving
(n = 25) or not receiving (n = 25) synbiotic therapy. The
characteristics of the patients are shown in Table 1. The
primary endpoint of this study was to the reduction of

~ infectious complications after LDLT with synbiotic therapy.

Liver transplantation

All partial liver grafts were preserved in University of
Wisconsin solution and implanted using a piggyback tech-
nique, as previously described.** Surgeons experienced in
microscopic surgery anastomosed all the hepatic arteries
with the aid of a surgical microscope. Graft selection was
based on the results of a volumetric study using computed
tomography to obtain a ratio of graft volume to standard
liver volume of >35% in the recipients. All patients re-
ceived intravenous prophylaxis with amoxicillin and cefo-
tiam for 4 days as a standard protocol. Empiric therapy was
initiated in the event of infection, and subsequently antibi-
otics were narrowed on the basis of the resistance index.

A dual or triple immunosuppressive regimen was used,
which included tacrolimus or cyclosporine A, prednisolone,
and/or mycophenolate mofetil. Patients with compromised
renal function were administered induction therapy with
interleukin-2 antibodies. Only biopsy-proven rejections
were treated if clinical and laboratory signs mandated ste-
roid bolus treatment. Rituximab (anti-CD20 antibody) was
used preoperatively for immunosuppression in ABO-incom-
patible patients.

Age, gender, primary liver disease, ABO incompatibil-
ity, median graft volume versus standard liver volume,
Model for End-Stage Liver Disease score at time of LDLT,
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and concomitant hepatocellular carcinoma were compared
between the group receiving synbiotic therapy and the con-
trol group.

Subsequently, at 24 hours after LDLT, all panents re-
ceived enteral nutrition with Elental (Ajinomoto Pharma-
ceutical Ltd, Tokyo, Japan), which is an elemental diet,
through a tube jejunostomy made during liver transplanta-
tion. The initial infusion rate at 1 kcal/mL was 20 mL/h, and
if tolerated the rate was increased 60 mL/h until sufficient
oral intake was possible. The composition of Elental has
been described elsewhere.?

Synbiotic therapy

All patients had started the oral administration of Yakult
BL antiflatulent (Yakult Honsha, Tokyo, Japan), containing
20 mg of living Lactobacillus casei strain Shirota, 15 mg of
living Bifidobacterium breve strain Yakult, and galactooli-
gosaccharides 15 g/d (Oligomate 55; Yakult Honsha) 3
times per day from 2 days before elective LDLT, continued
for 2 weeks after LDLT via either a tube jejunostomy or
orally. Usually, both prebiotics and probiotics were taken
with 10 mL of tap water. We selected this formula of
synblotlcs on the basis of a previous report on major hep-
atectomy.'®

The rates of infectious complications and patient survival ‘
were recorded, and stool cultures were also performed.

Statistical analysis

All data are expressed as median values with ranges.
Statistical analysis was performed using the Mann-Whitney

U test for continuous values and-the x* test for categorical
values. A statistically significant difference was defined as a
P value < .05. StatView version 5.0 (Abacus Concepts,
Berkeley, CA) was used for all statistical analyses.

'Results

All patients tolerated synbiotic therapy throughout the
study period. There was no difference in the patient char-
acteristics between the groups (Table 1). Figure 1 shows the
result of cultured bacteria in the feces. Generally, Esche-
richia spp, Enterobacter spp, and Klebsiella spp were re-
garded as normal bacterial flora in the stool. There was no
significant pattern of the change of bacterial species be-
tween the groups. However after LDLT under immunosup-
pression, Enterococcus spp became evident in both groups
in about 25% of the patients. -

Table 2 that infectious complication occurred after
LDLT in 6 of 25 of the patients in the control group (24%)
and in 1 of 25 (4%) in group receiving synbiotic therapy
(P < .05). In particular, the rate of urinary infection was
higher without synbiotic therapy. The rate of intra-abdom-
inal infection was not statistically different. Enterococcus
spp and methicillin-resistant Staphylococcus aureus were
the main bacteria related to the infection. The postoperative
date of infection varied. Some infectious complication oc-
curred after the termination of synbiotic therapy.

Table 3 shows that there was no significant difference
between the groups in other complications after LDLT. In
additioh, there were no differences in the intensive care unit
period, hospitalized period, and mortality rate between the

groups.

Pre LDLT
Morganeila
morganii  oNg

BLO group
)iormal flora
Candida species
Control group
Normal flora

2 LT

Figure 1

Bacterial profile in fecal culture. Cultured bacteria in the feces of the patients undergoing LDLT in each group. BLO =

Bifidobacterium breve, Lactobacillus casei, and galactooligosaccharides; CNS = coagulase-negative staphylococci; MRSA = methicillin

resistant Staphylococcus aureus.
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Comments

This prospective randomized study demonstrated that
synbiotic therapy successfully reduced the rate of infectious
complications after LDLT, which has a greater chance to
induce temporary portal hypertension leading to bacterial
translocation. The portal venous pressure after LDLT
should have been elevated in the current series of patients,
because the graft volume versus standard liver volume ratio
was about 40%.2! Therefore, synbiotic therapy may be

potentially more effective in patients after LDLT than de- .

ceased-donor liver transplantation. In addition, LDLT is
partial transplantation, in which liver regeneration should
occur to support the patient’s life. Infection itself was re-
ported to reduce the magnitude of liver regeneration, so
synbiotic therapy should be used for the patients undergoing
LDLT.*

The patients in the present study received enteral nutri-
tion, which has been shown to reduce the rate of infection
from 29% to 14%.%25 This is probably why the rate of
infection in this study was lower than in previous reports

:TMA = hrombolytlc mlcrnangmpathy

with synbiotic therapy. In addition, the rate of acute cellular
rejection was not changed by synbiotic therapy. In a previ-
ous study, the rate of acute cellular rejection was reduced
from 44% to 7% by enteral nutrition after whole-liver trans-
pl::mtation.27 There was no difference in the rejection rate,
even though there were more ABO-incompatible LDLT
patients in the synbiotic group than in the control group.

Methicillin-resistant S aureus and Enterococcus spp
were the principle bacteria causing sepsis, although gram-
negative gut-derived bacteria are thought to be found in
septic patisnts. Although there was no explanation for the
gram-positive bacteria in this series, Enterococcus spp were
frequently observed as the dominant bacteria after LDLT in
the feces.?® Immunosuppression and the duration of our
antibiotic use might have cause Enferococcus sepsis in
partial liver transplant recipients. In addition, the reduction
of urinary tract infections was reported in a previous study,
consistent with the current data, indicating that synbiotic
therapy is likely to be responsible for the reduction of
urinary tract infection.” Previous authors have speculated
that in addition to their impact on bacterial translocation,
probiotics act via several other mechanisms. For instance,
they can reduce and eliminate potentially pathogenic micro-
organisms, reduce and eliminate various toxins and muta-
gens from the urine and feces, modulate innate and adaptive
immune defense mechanisms, promote apoptosis, and re-
lease numerous nutrients, antioxidants, and growth factors
from consumed fibers. These functions might all be impor-
tant for the reduction of infections in surgical patients.
However, a definite mechanism regarding the reduction of
urinary tract infection awaits further investigation 23293

In conclusion, infectious complications after LDLT were
significantly decreased with synbiotic therapy. It is possible
to achieve ecologic liver transplantation using synbiotic
therapy while maintaining an intact environment in the
body.
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