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The effects of branched-chain amino acid-enriched elemental .
diet in patients with biliary atresia

Hisayoshi Kawahara mMp, Yuichi Fukui MD, Kenji Imura mp, Akio Kubota MD,
Shinkichi Kamata mp, Yoji Takagi Mp and Akira Okada MD

Department of Pediatric Surgery, Osaka University Medical School, 1-1-50 Fukushima, Fukushima-ku,
Osaka 553, Japan.

Supplemental administrations of ED-H, branched-chajn amino acid (BCAA)-enriched elemental
diet for hepatic disorder, were performed in 10 postoperative biliary atresia (BA) patients. These
patients were exhibiting, more or less, cirthotic changes. The duration of ED-H administration
ranged from 7 months to 3 years. initially, these patients showed lowered molar ratios,
Val+Leu+Ile/Phe+Tyr, in plasma aminograms with decreased levels of plasma rapid-turnover
proteins. ED-H administration induced a significant increase in molar ratio as well as increases
in plasma prealbumin and retinol-binding protein levels. With an improved general status, such
as activity level and play performance, there were significant increases both in weight for age
and weight for height. No particular deleterious effects were observed throughout the period of
ED-H administration.

In conclusion, supplemental ED-H administration can be performed safely with an efficacy
in postoperative BA patients who need metabolic/nutritional supports due to abnormal liver

functions.
Introduction Table 1. Nutritional composition of ED-P and ED-H (1 pack).
In spite of remarkable progress in surgical treatment, ED-P ED-H
little attention has been paid to nutritional/metabolic
care of postoperative biliary atresia (BA) patients. Cur- ~ Amino acid (g) ’ 9.8 11.2
rently, the importance of nutritional management is be- Total N (g) 1.4 1.8
ing emphasized in postoperative BA patients, since many lp)etx(tn)n (8 6%‘; 532
of these patients have been revealed to be malnourished, C:llorgie (Cal) 319 3 09'
accompanied with deficiencies in essential fatty acids, c,N 223 176

fat-soluble vitamins and trace elements'2. Our previous
study demonstrated certain postoperative BA patients  Amino acids (%)

exhibiting abnormal plasma amino.acids profiles re- ILE 5.29 15.44
flected by decreased levels of branched-chain amino LEE 10.24 18.94
acids (BCAA) and increased levels of aromatic amino ya o547 14.22
: 3 : o LYS 7.74 6.96
acids (AAA)®. These patients were also exhibiting low- MET 1.62 1.04
ered levels of plasma proteins?. " PHE 316 1.04
In adult cirrhotic patients, the administration of a THR 5.06 3.89
BCAA-enriched formula diet has proven nutritionally TRP 1.90 0.50
effective with associated improvements in hepatic ALA 7.06 8.73
- ARG 9.79 1551

encephalopathy.*~! . In this study, supplemental admin-

istrations of ED-H, an elemental diet for the adult pa- éig . ;%g _

tients with hepatic disorder, were performed in 10 post- GLN 762 _
operative BA patients. Most patients were jaundiced, GLY ' 2.31 3.84
accompanied by liver dysfunctin. They also showed HIS 2.86 2.74
molar ratios Val+Leu+Ile/Phe+Tyr (B/A: BCAA/AAA) PRO 9.95 4.66
below 2.0 in plasma aminograms and lowered levels of SER 9.01 229
prealbumin and/or retinal-binding protein. Ezi 4?)'32 a 23
' NEAA ©59.52 37.77
BCAA 21.00 48.80

Correspondence: Akira Okada, MD, Department of Pediatric * ED-P: conventional elemental diet for Pediatric use.
Surgery, Osaka University Medical School, 1-1-50 - ED-H: elemental diet for hepatic disease
Fukushima, Fukushima-ku, Osaka 553, Japan. .
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Patients and methods

The composition of ED-H is shown in Table 1, as is
the composition of the standard formula of an elemental
diet (ED-P) which was devised for pediatric use and
commonly used in Japan. ED-H is an admixture of dex-
trin, fat and an amino acid mixture composed of 14
kinds of free amino acids, packed in powder form in a
bag containing 80 g, an equivalent of 309 kcal. As to the
amino acid composition, ED-H has a higher BCAA
content (48.0%) and Arg, with a lower content in Phe
and Met than ED-P. Asp, Cys, GIn and Tyr are not
contained in ED-H.

Ten postoperative BA patients aged 6 months to 10 .

years, 8 females and 2 males, were admitted to this
study. All patients initially had a Kasai hepatic
portoenterostomy performed at the average age of 2
months. Adequate bile excretion was obtained in 5 pa-
tients (cases 1,2, 3, 5 and 10) postoperatively with
resolution of jaundice. The remaining patients exhibited
inadequate bile excretion with persistent jaundice, rep-
resented by the levels of serum total bilirubin over 5.0
mg/dl. No patients were noted to have apparent edema
and/or ascites clinically before the trial.

Individual characteristics are shown in Table 2. Be-
fore ED-H administration, the levels of B/A were noted
to be less than 2.0 in all patients. Finally, 8 patients
survived and 2 patients, cases 4 and 8, died of hepatic
failure after discontinuation of ED-H administration.

ED-H was administered orally in all but one patient,
case 8, in whom it was administered continuously for 3
weeks by tube-jejunostomy due to diarrhea. Adminis-
tration doses were from 16 to 71 cal kg BW/day, aver-
aging 50 cal kg BW, and with an amino acid content of
0.6 — 2.6 g/kg BW, averaging 1.8 g/kg BW. The dura-
tion was 7 months to 3 years, averaging 1.5 years. The
individual dose and duration in each BA patient is shown
in Table 3. ED-H was administered supplementally with
regular diets in 5 patients and with ED-P in the other 5
patients. The following clinical features and the bio-
chemical data were recorded at an interval of 1 month
on an outpatient basis. Certain parameters were obtained
after 6 months of ED-H administration and compared to
those obtained prior to its administration. The clinical
features were evaluated by the authors referring to the
parents’ comments. Anthropometric measures were

Table 3. Individual methods of ED-H administration.
Case Dose Duration Basal diets
(cal/kg/day)

1 16 1Y 1M Regular diet

2 39 3Y Regular diet

3 36 1Y1I0M Regular diet

4 64 2Y 6M Regular diet

5 45 1Y10M Regular diet

6 62 7™ ED-P — Weanling diet

7 71 2Y 4M ED-P — Weanling diet

8 - 62 2Y SM ED-P — Weanling diet

9 38 ™ ED-P — Weanling diet
10 63 §M ED-P — Weanling diet

compared with the standard data for Japanese which
were presented in 1980 by the Japanese Ministry of
Health and Welfare. Blood samples were obtained in the
fasting state in the morning every month. As laboratory
findings, the serum levels of GOT, GPT, gamma-GTP,
alkaline phosphatase, total bilirubin, direct bilirubin, to-
tal bile acid, albumin, and electrolytes were measured.
Plasma amino acids and rapid-turnover proteins (RTPs),
transferrin, prealbumin, and retinol-binding protein, were
determined by column chromatography with an amino
acid auto-analyzer, Hitachi- Co, Model 835, and an
immuno-diffusion method respectively.

Prior to admission to the trial, informed consent was
obtained from every patient and/or family. Statistical
analysis was performed by paired t-tests. The level of
statistical significance was taken at P<0.05.

Results

Clinical features

ED-H administrations were well tolerated by all pa-
tients. Though diarrhea was noted in one patient, case 8,
during the course, it was transient and disappeared when
continuous feeding by tube-jejunostomy was performed.
In six patients, cases 2, 3, 4,5, 7, 8, general status, such
as activity level and play performance, improved re-
markably, especially in case 2. While the patient had
complained of severe general fatigue with advanced
intrapulmonary A-V shunt, she was able to go upstairs
following ED-H administration.

Table 2. Individual characteristics of 10 biliary atresia patients.
Anthropometry Liver Tests Protein levels
Case Age BW Wi/Age Hi/Age WiyHt TB GOT GOT r-GTP B/A = Alb TF PA RBP
(kg) (%) (%) (%) (mg/d) (UA) (UM  (UA) (g/dl) (mg/dl) (mg/dl) (mg/dl)

1 10Y 9M 37.0 102 101 98 1.3 185 148 869 162 4.0 233 109 1.2
2 6YIIM 155 70 - 92 & 2.1 136 . 130 791 1.82 38 420 9.5 1.0
3 4Y 1M 165 106 97 122 25 64 40 169 113 37 275 9.5 1.6
4 4Y 1M 140 84 91 99 80 284 ~ 222 158 122 38 362 10.5 0.7
5 2Y 7™ 132 108 100 110 20 256 174 646 185 39 320 9.5 1.3
6 1Y 8M 9.7 95 94 103 6.2 211 232 1354 092 43 324 249 3.1
7 8M 85 109 103 104 5.1 178 84 336 © 120 33 260 7.0 1.1
8 ™ 65 82 95 92 8.0 240 96 368 1.06 3.6 230 7.0 14
9 ™ 8.0 107 103 99 9.0 324 168 440 1.14 36 200 35 04

10 6M 6.5 87 102 83 0.9 139 111 920 193 4.2 233 9.6 1.8

B/A:BCAA/AAA = VAL+LEU+ILE/PHE+TYR; TF, transferrin; PA, prealbumin; RBP, retinol-binding protein.
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Figure 1. Changes in anthropometric measures following Ed-H administration.
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Figure 2. Changes in plasma amino acids following ED-H administration.

Table 4. Comparison of biochemical findings between pre- and post-administration of ED-H.

Total bilirubin  Direct bilirubin GOT GPT ALP T-GTP Total bile acid

(mg/dl) (mg/dI) un (um (um (Um. (umol/l)
Pre-administration 45431 2.6+2.0 202478 141461 1373582 605+382 101444
Post-administration 6.6+5.8 3.8+34 192473 131264 12084409 442+329 127465
Statistical analysis NS NS NS NS NS P<0.05 NS

Statistical analysis was performed by paired-t test. The level of statistical significance was taken at P<0.05.
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Anthropometric measures (Figure 1) tients were below 90%, whereas none were below that
Both weight-for-age and weight-for-height showed level after the trial.

significant increases whereas height-for-age did not. In

weight-for-age, four of the patients exhibited under 90%  Laboratory findings

of standard weight before the trial. Two of them remained As regards liver tests, no examinations except gamma-

the same after the trial. In weight-for-height, two pa- GTP showed significant changes during 6 months fol-
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Figure 3. Changes in plasma BCAA, AAA and BCAA/AAA following ED-H administration. BCAA = Val+Leu+tlle, AAA =
Phe + Tyr. '
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Figure 4. Changes in serum albumin and plasma rapid-turnover proteins following ED-H administration.
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lowing ED-H administration (Table 4). Abnormalitics
in serum electrolytes were not noted. Figure 2 shows
the change of plasma aminogram before and 6 months
after ED-H administration. A significant increase in
valine and significant decreases both in phenylalanine
and tyrosine were noted in the trial. As is seen in Figure
3, Val+Lau+Ile (BCAA) increased significantly, whereas
Phe+Tyr (AAA) decreased. significantly. As a conse-
quence of these changes, B/A increased significantly.
Figure 4 shows changes of serum albumin and plasma
RTPs following ED-H administration. Prealbumin and
retinol-binding protein levels increased significantly,
whereas the changes both in albumin and transferrin
were not significant. '

Discussion

Since the introduction of Kasai hepatic portoenteros-
tomy, great improvement has been obtained in the treat-
ment of BA!2, Recently, attention has been paid to liver
dysfunction in postoperative BA patients since many of
them, even in jaundice-free patients, have been reported
to develop, more or less, metaboli¢/nutritional abnor-
malities'>!*. On the other hand, the life span of the
patients is being extended, even in jaundiced patients
with advanced liver dysfunction, due to progress in a
variety of managements including nutritional/metabolic
supports. Accordingly, one of the current means for im-
proving the quality of life in the postoperative BA pa-
tient is to correct their metabolic/nutritional abnormali-
ties, which are usually accompanied with protein-en-
ergy malnutrition. _

BCAAs are oxidized in skeletal muscles rather than
in the liver, because the majority of their transaminases
are located in skeletal muscles'. The decreased BCAA
levels, the increased AAA levels and the ensuing lower-

ing of the B/A ratio are reported to be the characteristic-

pattern of liver insufficiency, though the precise mecha-
nisms of those changes have not been elucidated. Fischer
showed that the B/A ratio is significantly reduced in
patients with hepatic encephalopathy'®. Morgan re-
ported that lowering of the B/A ratio appeared to be
secondary to liver damages®’. Merli suggested that mal-
nutrition might contribute to decreased BCAA levels
and increased phenylalanine levels in patients with liver
cirrhosis'®, We reported previously that BA patients had
shown decreased BCAA levels, increased AAA levels
and -methionine, and a lowering of the B/A ratio in
plasma aminogram?. Weisdorf also reported similar ab-
normalities with a significant B/A ratio decrease in BA
patients as we reported?3, )

Feeding with BCAA-enriched amino acid mixture °

was initially proposed as a specific therapy for patients
with hepatic encephalopathy'é. However, as the clinical
studies on abnormal amino acid metabolism in several
critical conditions have been performed by a-number of
investigators, its efficacy and unique metabolic charac-
teristics are now generally accepted’. In addition, it is
suggested that leucine has the function of stimulating
protein synthesis and that its alpha-keto analogue has
the function of inhibiting protein breakdown?’.

BCAA-enriched elemental diets have reported to have '

an effect of improving the nutritional state as well as
ameliorating hepatic encephalopathy in adult patients
with liver insufficiency®?. Oroshi also demonstrated the

nutritional effects of ED-H for adult patients with he-
patic disorder in a Japanese multicenter study?!.

We first tried to assess the efficacy of orally adminis-
tered BCAA-enriched elemental diet (ED-H) in pediatric
cases with liver cirrhosis. Our trial was uncontrolled
and did not have cross-over design. However, our data
with oral supplemental administration of BCAA-enriched
elemental diet for BA patients showed an effect on nor-
malizing their plasma aminogram reflected by an eleva-
tion of the B/A ratio. Moreover, significant increases in
prealbumn and retinol-binding protein were noted.
Whereas it is unlikely that liver functions of BA patients
have improved during these 6 months judging from the
results of liver tests, the changes of RTPs could have
reflected an improvement of nutritional state in those
patients. Although RTPs are believed to be more sensi-
tive nutritional parameters compared to albumin, some
arguments can be made that they would not represent
nutritional changes over longer periods of time. However,
Kato reported, based on the clinical studies with adult
cirrhotic patients, that BCAA-enriched nutrient mixture
improved albumin synthesis rate without significant
changes of plasma albumin level in the analysis of kinetic
parameters of albumin metabolism following intravenous
injection of 3! I-labelled human serum albumin?, It can
be speculated that BCAA-enriched formulae, such as
ED-H, have the possibilities of improving protein me-
tabolism evén if an elevation of serum albumin level
could not be obtained. As regards anthropometric meas-
ures, significant increases both of weight-for-age and
weight-for-height were noted without progression of
edema and/or ascites. The reason why no significant
change was noted in height-for-age might be the de-
pendence on length for evaluation of its effects. From
the clinical aspect, we observed apparent improvement
in general status such as activity level and play per-
formance, and ameliorated fatiguabilities in some pa-
tients. These effects on physical development and clini-
cal findings might be correlated with the changes of
plasma aminograms, especially with B/A ratio.

Weisdorf emphasized that manipulation of each amino
acid in dietary protein may be helpful in improving
amino acid utilization in patients receiving liver trans-
plants'®. Goulet also suggested the necessity of nutri-
tional evaluation and support before liver transplant?, In
the future, nutritional support using the BCAA-enriched
formula, such as ED-H, could play an important role in
the preoperative management of liver transplant.

The data presented in this paper show the possibility
that the supplemental administration of ED-H has an
efficacy on metabolic/nutritional disorders without ap-
parent deleterious effects in BA patients who show ab-
normal patterns of plasma aminograms and lowered B/
A ratios. However, further studies are needed to investi-
gate the precise mechanisms of the function of this
formula.
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