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Patient Report

Neonatal intrahepatic cholestasis with hepatic siderosis
and steatosis
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Neonatal intrahepatic cholestasis is a heterogeneous disease of undetermined cause. There is an unreported
subset of idiopathic neonatal intrahepatic cholestasis with an unusual histological combination of hepatic
siderosis and macrovesicular steatosis. The patients were a 34-day-old female and a 39-day-old male with
normal birth weights. Their mothers had received oral iron supplement 4-6 weeks before delivery. The
patients had obstructive jaundice noticed at the well-baby clinic at 1 month of life. They had high levels of
serum galactose and tyrosine, hyperferritinemia. Urinary organic acid and bile acid analyses were negative,
and galactose-|-phosphate uridyltransferase activity in red cells was normal. Liver biopsies showed diffuse
iron deposits and macrovesicular fat. By substituting formula milk with lactose-free milk, the patients
responded, and had normal biochemical tests within 5 months of life. Follow-up biopsies, at the age of
12 months, showed mild residual fibrosis without iron or fat deposits. They are both well at 3 and 6 years of
age, respectively, without biochemical liver dysfunction and neurologic impairment. Prenatal iron-overload
might contribute to the pathogenesis of the disease, but further studies are needed to confirm the
assumption.

fatty liver, hepatic siderosis, hyperferritinemia, neonatal intrahepatic cholestasis.

Neonatal intrahepatic cholestasis has multiple origins, and
some forms remain idiopathic.! Recently, new diseases
presenting clinically with neonatal intrahepatic cholestasis
(i.e. bile acid metabolic errors and medium chain coenzyme-
A dehydrogenase deficiency) have been disclosed.*”
However, many of the cases of idiopathic neonatal intra-
hepatic cholestasis (INIC) need further studies.

Fatty liver may be seen in patients with neonatal
intrahepatic cholestasis of various origins, and metabolic
diseases must be considered as one of the candidates. Iron
deposits have been also documented in several metabolic
diseases.™® To our knowledge, however, the unusual histo-
logical combination of diffuse iron deposits and macro-
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vesicular fat in the liver has never been described in INIC. We
describe two such cases of what we consider to be a new
subset of INIC.

Methods

In the two patients the diagnosis of INIC was confirmed by
the presence of cholestatic jaundice, and by eliminating
known causative diseases (i.e. infectious hepatitis, metabolic
and endocrine diseases, chemical hepatic injury, and biliary
tract diseases). Total serum bile acid concentration was
analyzed by an enzyme assay, and serum/urinary bile acid
profiles were examined by gas chromatography and gas
chromatography-mass spectrometry.>!® On ultrasound exami-
nation, the grading system reported by Needleman et al. was
used to evaluate the severity of fatty liver.!! Total activity of
vitamin K dependent coagulant factors (II, VII and X) was
tested by normotest (normal, > 60%)."



Table 1 Laboratory data

Patient 1 Patient 2

Total bilirubin (mg/100 mL) 4.8 12.6
Direct bilirubin (mg/100 mL) 24 2.6
Total bile acids (umol/LY* 134 120
AST (IU/L) 28 31
ALT (IU/L) 60 20
LDH (IU/L) 247 298
ALP (IU/L) 678 2230
y-GTP (IU/L) 214 142
Triglyceride (mg/100 mL) 40 80
Total cholesterol (mg/100 mL) 194 195
Phospholipid (mg/100 mL) 234 314
Sodium (mEq/L) 139 138
Potassium (mEqg/L) 4.8 5.6
Chloride (mEg/L) 102 108
Calcium (mg/100 L) 10.2 6.2
Phosphate (mg/100 mL) 8.6 5.3
Vitamin E/total lipids (mg/g)’ 0.85 1.04
Normotest

Before vitamin K (%) 49 22

After vitamin K¥ (%) 87 47
PIVKA-II® (ug/mL) <1.0 < 1.0
Alpha-fetoprotein (ug/mL) 5.1 16.4
Total protein (g/100 mL) 5.1 39
Albumin (g/100 mL) 3.6 2.6
Blood urea nitrogen (mg/100 mL) 8 13
Red blood cells (X 10/mm?) 3.50 3.57
Hemoglobin (g/100 mL) 10.5 11.0
Hematocrit (%) 32 33
Platelet (X 10%mm?) 48 35
White blood cells (X 10¥/mm?*) 16.8 11.8
C-reactive protein (mg/100 mL) < 0.25 <0.25

*> 47 ymol/L; 7> 0.6 mg/g; ‘*after parental vitamin K supple-
ment; Y< 1.0 ug/mL.

AST, aspartate aminotransferase; ALT, alanine aminotransferase;
LDH, lactate dehydrogenase; ALP. alkaline phosphatase; y-GTP,
gamma-glutamy! transpeptidase.

Patient 1

The first patient was female with a birthweight of 3370 g,
born to a 28-year-old mother at full term. The family
history for liver diseases was negative. Her parents were
not related. The patient’s sister, 3-years-old, had been fed
with mixed milk in early infancy, and had a history of
breast milk jaundice. The blood type of the patient and
her mother were the same: A, Rh*. At the age of 3 days,
low activity of vitamin K dependent coagulant factors
(16%, normal, > 40%; Hepaplastin Test,® Eisai Co.,
Tokyo, Japan) was noted in a screening examination. She
received three serial oral supplements of vitamin K from
the age of 3 to 8 days. The Hepaplastin test, however, did
not normalize (< 39%) and she received phototherapy for
2 days because of neonatal jaundice. Neonatal screening
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Fig. 1 The first liver biopsy specimen in patient 1 showing
diffuse macrovesicular fat deposits (HE).

for metabolic diseases (galactosemia, phenylketonuria,
homocystinuria, maple syrup urine disease, and histidi-
nemia, cretinism, and adrenal hyperplasia) was negative.
Her mother had received 210 mg of oral iron preparation
during the last 4 weeks of pregnancy, but took no medi-
cation after delivery. She had no alcohol intake. The
parents had normal results of serum iron results. The
patient had been fed breast milk alone until 8 days of life,
but thereafter received formula milk. Jaundice, acholic
stool and dark yellow urine were noticed at the well-baby
clinic at 1 month of life, and she was referred to Akita
University for further examinations at the age of 34 days.
On admission, the patient looked well (bodyweight
4420 g, weight gain, 30 g/day) and normally developed.
Facial appearance was normal. She had a normal size
liver, and no splenic enlargement. Ophthalmological
examination was negative.

Biochemiical data on admission were as shown in Table 1.
Serum total protein was 5.1 g/100 mL. Other major laboratory
results were as follows: Coombs’ tests (direct and indirect)
negative; blood ammonia 64 ug/100 ml; fasting blood
glucose 66 mg/100 mL; total iron binding capacity 157
ug/100 mL (controls, n =40, 30-45 days of life, 255 + 55);
iron 105pg/100 mL (94 £22); feritin 1459 pg/100 mL
(156 + 67); urinalysis negative; fasting blood galactose 33
mg/100 mL (< 10); serum tyrosine 365 umol/L (normal,
< 148); methionine 49 umol/L (< 54); and phenylalanine 131
umol/L. (< 104). Serum levels of branched-chain amino acids
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Fig. 2 The first liver biopsy specimen in patient 1 showing
diffuse iron deposits in both hepatocytes and Kupffer celis
(Prussian blue).

were within normal ranges. Blood gas analysis was normal,
and blood lactate level was 18 mg/100 mL. Urinary organic
acid analyses, including succinylacetone, were negative.
Urinary bile acids consisted mainly of primary bile acids,
cholic acid and chenodeoxycholic acid. Abnormal urinary bile
acids, including long-chain bile acids, were not identified. A-
4-3-oxosteroid-5-B bile acids were not significantly increased
(< 5% of total bile acids). X-rays of the wrist joints showed
no signs of vitamin D deficiency. Enzyme activities, galacto-
kinase, galactose-1-phosphate uridyltransferase and uridine
diphosphate galactose 4-epimerase in red blood cells were
within normal ranges. Sweat chloride test was negative.
Ultrasound tomography showed a diffuse mild fibro-fatty
pattern with no abnormal portal vein flows. Computed
tomography was negative. The patient had a human leukocyte
antigen (HLA) typing of A2, A24, B46, B52. Liver biopsy at
48 days of life showed a diffuse macrovesicular fatty liver
with iron deposits and mild extramedullary hematopoiesis, but
minimal giant cell transformation. Portal fibrosis was slight
and interlobular bile ducts appeared normal. Cellular
infiltration in both portal and parenchymal areas was minimal
(Figs 1,2).

After admission, formula milk was substituted with a
lactose-free milk (Lactoless,® Meiji, Tokyo; 13%, 180 mL/kg
per day). Abnormal biochemical conditions all gradually
ameliorated. Direct hyperbilirubinemia had disappeared
within 4 weeks, and complete normalization of all liver func-
tions took 4 months. Percutaneous liver biopsy carried out at

Fig.3 The second liver biopsy specimen in patient 1 at 12
months of life. Mild portal fibrosis is seen (HE).

the age of 12 months showed mild residual fibrosis without fat
or iron deposits (Fig. 3). She is now 6-years-old with normal
liver function and normal neurologic development.

Patient 2

The second case was initially reported in 1997 as one of
three cases of neonatal cholestasis associated with hypo-
proteinemia.”™ The male infant with a birthweight of 2700 g
was born to a 23-year-old primigravida at full term. Galacto-
semia was observed by the Paigen method at neonatal mass
screening, but galactose-1-phosphate uridyltransferase was
proven to be normal by the Beutler method. The family
history for liver diseases was negative, and his parents were
not related. Blood types of the patient and his mother were
the same: A, Rh*. His mother had received 210 mg of oral
iron supplement during the last 6 weeks of pregnancy, but
had no alcohol intake. He had been fed solely by breast milk
for the first 25 days of life, and thereafter breast feeding was
supplemented with formula milk. At the age of 30 days,
cholestatic jaundice was noticed, and he was referred to
Akita University at the age of 39 days for further evaluation,

On admission the patient looked normally developed and
well nourished (bodyweight 4040 g, weight gain 34 g/day).
The patient had a normal size liver with a slightly firm
consistency. On ophthalmological examination, cataract was
not identified. Biochemical data on admission were as
shown in Table 1. Serum total protein was 3.9 g/100 mL.



Other major laboratory results were as follows: Coombs’
tests (direct and indirect) negative; blood ammonia 75
ug/100 mL; fasting blood glucose 75 mg/100 mL; total iron
binding capacity 151 ug/100 mL (controls, n =40, 30-45
days of life, 255+ 55); iron 103 pg/100 mL (94 = 22);
ferritin 1791 pg/100 mL (156 x 67); urinalysis negative; and
fasting blood galactose 25 mg/100 mL (< 10). Serum
tyrosine was increased at 335 umol/L (< 148), and methio-
nine was 60 umol/L (< 59). Serum levels of phenylalanine,
valine isoleucine and leucine were within their normal
ranges. Urinary succinylacetone was negative. Urinary bile
acids were mainly composed of primary bile acids, cholic
acid and chenodeoxycholic acid. Abnormal urinary bile
acids, including long-chain bile acids, were not identified.
A-4-3-oxosteroid-5-f bile acids were not significantly
increased (5.8% of total urinary bile acids). X-rays of the
wrist joints showed no signs of vitamin D deficiency. Buccal
mucosal and bone marrow biopsies were negative for iron
deposits. The three enzymes involved in galactose meta-
bolism in red blood cells were within normal ranges. Sweat
chloride test was negative. Ultrasound tomography showed a
diffuse mild fibro-fatty pattern without abnormal porto-
systemic shunts; computed tomography was negative. The
patient had a HLA typing of A2, A24, B48, B62. Liver
biopsy at 40 days of life showed diffuse macrovesicular fatty
liver and hepatic siderosis, and extramedullary hemato-
poiesis, but minimal giant cell transformation. Portal fibrosis
was mild, and the interlobular bile ducts appeared normal.
Cellular infiltration in both the portal and parenchymal areas
was minimal.

We substituted formula milk and breast milk with
lactose-free milk (Lactoless®, 13%, 180 mL/kg per day) for
the patient. Biochemical abnormalities quickly responded to
this intervention and all ameliorated within | week, followed
by complete normalization 3 months later. Thereafter, his
clinical course was uneventful with normal physical and
mental development. Percutaneous liver biopsy carried out at
the age of 12 months showed mild residual fibrosis in the
portal area without fat or iron deposits in the liver. He is
now 3-years-old with normal biochemical liver function tests
and neurological development.

Discussion

The two patients presented clinically with idiopathic
neonatal hepatitis, high levels of blood galactose and serum
tyrosine, and with an unusual histological combination;
namely, hepatic steatosis and siderosis. Their mothers had
received oral iron supplement before delivery and the
patients had hyperferritinemia and hypotransferrinemia,
from which the patients quickly recovered without the need
for extensive treatment. These clinical, biochemical and
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histological features indicate an unreported subset of
neonatal cholestasis.

Giant cell transformation, a non-specific finding, is seen in
hepatic specimens from patients with a variety of types of
neonatal cholestasis."*!> Some Japanese patients with INIC,
however, have minimal giant cell transformation,'*'" and
some have significant fatty liver.’” Diffuse fat associated with
iron deposits in the liver is uncommon in neonatal
cholestasis. Such a combination is seen in some metabolic
diseases, including hereditary tyrosinemia, galactosemia,
Zellweger syndrome, or neonatal hemochromatosis (NHC).”®

The diagnosis of galactosemia, hereditary tyrosinemia or
Zellweger syndrome was ruled out in the present cases based
on clinical and biochemical examinations. NHC might be
considered as a diagnosis for the present cases because it has
features in common with neonatal intrahepatic cholestasis,
but its clinical course is generally fatal, although there are
reports of one survivor,'”® a successful orthotopic liver
transplantation for one patient’” and three others undergoing
successful antioxidant therapy.®® NHC has abnormal iron
storage in multiple organs including the pancreas, heart,
bone marrow and buccal small salivary glands. Case 2 had
no iron deposits in the extrahepatic organs examined. A bile
acid metabolic error in NHC has been reported, but the
present case 2 had no significant increase of A-4-3-oxo-
steroid bile acids as reported in A-4-3-oxosteroid-5-B-
reductase deficiency.”’ The two patients had no HLA
typings, such as A3-B7 or A3-Bl4, as seen in primary
hemochromatosis.

Iron stores in the liver are relatively high at birth,
increase during the first 2 months of life, and then decrease
rapidly during the first year of life. Simultaneously, visible
iron in the neonatal liver increases at 3—4 weeks.” Serum
ferritin values should vary correspondingly.” Bile acids
enhance biliary iron excretion in iron-loaded rats.*
Accordingly, abnormal bile acids or low/absence of primary
bile acids may lead to cholestasis, resulting in secondary
hemochromatosis. Iron deposits in the liver have been
reported to be common in infants with subacute or chronic
liver diseases of recognized etiology.”® In neonatal chole-
stasis, biliary atresia and neonatal hepatitis, the parenchymal
iron accumulation in the liver without fat accumulation has
been reported.'62%2

In a previous report, we presented three cases with
hypoproteinemia associated with the unusual histologic
combination of hepatic siderosis and steatosis, and specu-
lated that iron-overload and/or malnutrition may have
contributed to the pathogenesis of the disease.'”’ In the
present case 1, however, no hypoproteinemia was proven.

Many pregnant women are prescribed iron supplements.
The present mothers had received oral iron preparations
prior to their delivery. Excessive iron transport from mother
to fetus does not normally occur and iron supplementation to
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human mothers results in an increase of the maternal iron
store, but essentially in a constant fetal iron store.””*® The
placenta acts as a barrier against iron overload, but the
barrier is permeable, as in the rare disease NHC. Actually,
the iron concentration in the human fetal liver shows a
striking interindividual variability. Iron deposit induces
lipid peroxidation, mitochondrial damage and calcium
sequestration, resulting in hepatic cell necrosis, inflam-
matory cell infiltration, hyperferritinemia, accumulation of
triglyceride in the liver, and finally fibrosis.* In adult
hemochromatosis, fatty liver is an unusual finding, although
hepatic steatosis is often observed in neonatal hemo-
chromatosis.® According to this evidence, we hypothesize
that prenatal iron overload can induce neonatal hepatic
steatosis and siderosis in some babies, but further studies are
needed to confirm this assumption.
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Idiopathic Neonatal Hepatitis Presenting as
Neonatal Hepatic Siderosis and Steatosis

YUSAKU TAZAWA, MD, DAIKI ABUKAWA, MD, SHUNICHI MAISAWA, MD,
FUJIHIKO NISHINOMIYA, MD, YASUROU OYAKE, MD, GORO TAKADA, MD,
and TASUKE KONNO, MD

Idiopathic neonatal hepatitis (INH) is a heterogenous disease of undetermined cause. We
report a retrospective histologic reevaluation of INH. Sixty patients with INH were reviewed
along with 32 biliary atresia (BA) patients. Histologic findings, iron and fat deposits, giant cell
transformation, portal fibrosis, and bile duct proliferation were semiquantitatively graded
from 0 to 4+. Significant histologic findings were defined as =2+. Frequencies of patients
with significant histologic findings in the INH group were compared with those of the BA
group. Among the patients with significant histologic findings, those in the INH group had
significantly less iron deposits (P < 0.01), portal fibrosis (P < 0.01), and bile duct proliferation
(P < 0.01) than those of the BA group. A combination of significant hepatic macrovesicular
steatosis and siderosis was observed in 10 INH patients but not in any BA patient (10/60 vs
0/32, P < 0.05). Without extensive treatment, the 10 INH patients all recovered, and hepatic
abnormalities normalized by the age of 12 months. In conclusion, the present study showed
that the recognition of hepatic siderosis is helpful to distinguish BA from INH and that in a
subset of INH patients hepatic macrovesicular steatosis and siderosis occurs.

KEY WORDS: neonatal hepatitis; biliary atresia; siderosis; steatosis.

Neonatal hepatitis in the newborn has multiple ori-
gins, including definable infections, anatomic vari-
ants, and metabolic errors. Idiopathic neonatal hep-
atitis (INH), however, is of unknown origin that
remains to be determined (1, 2).

Clinicians continue to be challenged by cholestatic
infants. The diagnosis of biliary atresia (BA) is a
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major task for pediatric hepatologist. Among many
procedures, liver biopsy is still the most valuable
procedure in making a diagnosis of BA and differen-
tiating INH. Findings of bile duct proliferation and
portal fibrosis have been reported to be useful for this
purpose (3, 4).

Fatty liver in patients with neonatal hepatitis has
various causes, including a variety of metabolic dis-
eases (5, 6). Hepatic steatosis associated with sidero-
sis has been also documented in some metabolic
diseases (7, 8). To our knowledge, however, a histo-
logical combination of hepatic steatosis and siderosis
in INH has not been reported.

In this study, we present a retrospective histologic
reevaluation of INH in comparison with those of BA,
particularly in terms of iron and fat deposits, and
delineate an unusual subset associated with diffuse
macrovesicular fat and iron accumulations in the liver
in INH.
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IDIOPATHIC NEONATAL HEPATITIS

MATERIALS AND METHODS

During the last 10 years (1986-1995), we evaluated 60
patients with INH, ranging in age from 34 to 126 days, who
had undergone percutaneous liver biopsy. The clinical di-
agnosis of INH was confirmed by: (1) the presence of
cholestatic jaundice (jaundice, acholic stool, and dark yel-
low urine), (2) the presence of a conjugated bilirubin frac-
tion of =2 mg/100 ml or a total bilirubin of =20%, and (3)
by eliminating known causes such as infectious hepatitis,
metabolic diseases, chemical liver injury, and biliary tract
diseases. For histological study, 32 BA patients ranging in
age from 30 to 60 days were also examined.

Liver specimens obtained by percutaneous liver biopsy
were routinely processed and stained with hematoxylin-
eosin, Elastica-Masson, and Prussian blue stains. Histolog-
ical findings were graded from 0 to 4+ by a semiquantitative
method. The patient were classified as 0 in the absence of
findings, and as 1+, 2+, 3+ and 4+ when the findings were
slight, mild, moderate, and severe, respectively.

The histologic findings of fat accumulation were graded
from 0 to 4+, according to the amount of fat deposits, ie,
those without fat deposits were classified as 0, those with
less than 10% hepatocytes as 1+, those with 10-25% hepa-
tocytes as 2+, those with 25-50% hepatocytes as 3+, and
those with more than 50% hepatocytes as 4+. Types of fat
droplets in the liver were defined as macrovesicular when
the fat globules were larger than the nuclei and as microve-
sicular when the fat globules were equal to or smaller than
the nuclei. The histological findings of iron accumulation
were graded: 0, none; 1+, fine granules only in a few of
periportal cells; 2+, fine and coarse granules in periportal
cells; 3+, many fine and coarse granules in one half to two
thirds of the cells; 4+, many fine and coarse granules in two
thirds to almost all cells. The histological findings of giant
cell transformation were observed microscopically in a mid-
dle power field (X200) and graded: 0, none, 1+, less than 3
giant cells; 2+, less than 10 giant cells; 3+, less than 25 giant
cells; and 4+, more than 25 giant cells. The histological
findings of portal fibrosis were graded: 0, none; 1+, peri-
portal expansion, minimal; 2+, periportal expansion, mild;
3+, periportal expansion, moderate; and 4+, periportal
expansion, severe (bridging fibrosis or cirrhosis). The his-
tological findings of bile duct proliferation were also
graded: 0, none, 1+, mild bile duct proliferation in some
portal tract; 2+, mild bile duct proliferation in each portal
tract; 3+, moderate bile duct proliferation in each portal
area; and 4+, severe bile duct proliferation in each portal
area.

All specimens were examined and recorded by one of
authors (Y.T.) who was not informed of the clinical find-
ings. The reproducibility of this scoring system was assessed
by two observers (Y.T. and F.N.). Intraobserver and inter-
observer variations were insignificant. Fat or iron accumu-
lations, giant cell transformation, portal fibrosis, and bile
duct proliferation were defined as significant when the
grades were greater than 2+. Histologic abnormalities
found in the INH patient group, as well as the frequencies
of patients with significant histologic findings, were com-
pared with those of BA.

Of 10 patients, all of normal birth weight and with sig-
nificant hepatic steatosis and siderosis, two patients had no
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TABLE 1. SEMIQUANTITATIVE ANALYSIS OF HISTOLOGICAL
FINDINGS IN PATIENTS WITH IDIOPATHIC NEONATAL HEPATITIS
AND BILIARY ATRESIA

Grade (N)

Histologic finding 0 I+ 2+ 3+ 4+

Idiopathic neonatal hepatitis (N = 60)

Iron deposits 43 6 5 6 0
Fat deposits 37 10 6 6 1
Giant cell transformation 18 26 10 3 3
Portal fibrosis 0 25 22 2 1
Bile duct proliferation 4 3 2 1 0

Biliary atresia (N = 32)
Iron deposits 6 8 10 6 2
Fat deposits 28 2 2 0 0
Giant cell transformation 3 8 7 2 2
Portal fibrosis 0 2 11 13 6
Bile duct proliferation 12 6 10 13

iron deposits in extrahepatic organs, buccal mucosa, and
bone marrow, as proven by biopsies. Failure to thrive, that
is, poor weight gain, was defined as body weight < 3
percentile for age.

Without extensive treatment, 58 INH patients including
the 10 patients with significant hepatic steatosis and steato-
sis recovered, and hepatic abnormalities normalized by the
age of 12 months. The two patients without fat and iron
deposits had persistent liver dysfunction. Follow-up biop-
sies at 12 months of age in three of the 10 patients showed
residual portal fibrosis without fat and iron deposits in two
of these three.

Statistical analysis was based on chi-square test.

RESULTS

Iron deposits seen in 17 of the 60 INH patients
(28%) were significant in 11 cases, and iron deposits
present in 26 of 32 BA patients (81%) were significant
in 18 cases. Fat deposits were found in 23 of the 60
INH patients (38%) including 10 with microvesicular
fat deposits of grade 1+. Significant macrovesicular
fat deposits were seen in 13 INH patients. Fat depos-
its were found in four of 32 BA patients (13%). All
four patients had microvesicular deposits, less than
grade 2+. Giant cell transformation was observed in
42 of the 60 INH patients (70%) and in 19 of the 32
BA patients (59%). Significant giant cell transforma-
tion was seen in 16 of the 60 INH patients and 11 of
the 32 BA patients. Portal fibrosis was observed in 50
of the 60 INH patients (83%) and in all 32 BA
patients (100%). Significant portal fibrosis was seen in
16 of the 60 INH patients and 11 of the 32 BA
patients. Bile duct proliferation was observed in six of
the 60 INH patients (10%) and in 31 of the 32 BA
patients (96%). Significant bile duct proliferation was
seen in three of the 60 INH patients and 29 of the 32
BA patients (Table 1).
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TaBLE 2. FREQUENCIES OF PATIENTS WITH SIGNIFICANT
HisTOLOGICAL FINDINGS IN PATIENTS WITH [DIOPATHIC
NEONATAL HEPATITIS AND BILIARY ATRESIA

Idiopathic

neonatal Biliary

hepatitis atresia

Histologic finding (N = 60) (N = 32) p*

Iron deposits 11/60 (18%)  18/32 (56%) <0.01
Fat deposits 13/60 (21%) 2/32 (6%) NS
Giant cell transformation  16/60 (26%)  11/32 (34%) NS
Portal fibrosis 25/60 (41%)  30/32(87%) <0.01
Bile duct proliferation 3/60 (5%) 29/32 (90%) <0.01

* NS, not significant.

Among the patients with significant histologic find-
ings, those in the INH group had significantly less iron
deposits, portal fibrosis, and bile duct proliferation
than those of the BA group (Table 2). A combination
of significant hepatic macrovesicular steatosis and
siderosis (Figure 1) was observed in 10 INH patients,
but not in the BA group (10/60 vs 0/32, P < 0.05). In
the 10 INH patients with significant hepatic steatosis
and siderosis, mild fibrosis was observed (grades 1+
and 2+) without bile duct proliferation.

Thirty of the 32 BA patients (93%) had normal
weight gain. Forty-two of the 60 INH patients (70%),
including seven of the 10 INH patients with signifi-
cant hepatic steatosis and siderosis, had normal
weight gain.

DISCUSSION

Findings of bile duct proliferation and portal fibro-
sis have been reported to be valuable for the diagnosis
of BA and the differential diagnosis of INH (3, 4).
Moreover, the present study indicates that findings of
significant hepatic iron deposits and the combination
of significant hepatic macrovesicular steatosis and
siderosis are helpful to distinguish BA from INH.

Giant cell transformation, a nonspecific finding,
can be seen in hepatic specimens from patients with a
variety of neonatal cholestasis (9, 10). We previously
reported that Japanese patients with INH had mini-
mal giant cell transformation (11). The present study
showed the same result.

Hepatic steatosis associated with siderosis has been
documented in some metabolic diseases, such as neo-
natal iron storage disease (NISD), Zellweger syn-
drome, hereditary tyrosinemia, and galactosemia (5,
6) but has rarely been reported in INH. NISD would
naturally be considered as one possible diagnosis for
the present 10 patients with the significant hepatic
macrovesicular steatosis and siderosis. NISD has fea-
tures in common with INH, the clinical onset is early
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in neonate, and the clinical course is uniformly fatal
(8, 12). These clinical features are different from
those of the present 10 patients. Furthermore, in
NISD there is abnormal iron storage in extrahepatic
organs, including the pancreas, bone marrow, and
buccal mucosa (12). The present two cases examined
had no extrahepatic iron deposits.

The present cases had diffuse iron and fat accumu-
lations in the liver with accompanying mild fibrosis.
Iron deposits induced lipid peroxidation and mito-
chondrial damage, resulting in hepatic cell necrosis,
accumulation of triglyceride in the liver, and finally
fibrosis (13). Iron overload to the liver may result in
fat accumulations and fibrosis.

Iron deposits in the liver have been reported to be
common in infants with subacute or chronic liver
disease of recognized etiology (14). Bile acids en-
hance biliary iron excretion in iron-loaded rats (15).
Accordingly, cholestasis may promote hepatic sider-
osis or delay the mobilization of hepatic iron stores
into bile. In neonatal cholestasis, BA and INH, pa-
renchymal iron accumulation in the liver has been
reported. Significant iron deposits, however, are un-
common in INH patients (16, 17). In general, BA
patients have normal weight gain while some INH
patients, as shown in the present study, have difficul-
ties in gaining weight. Malnutrition may lead to fatty
liver; three of the 10 INH patients with hepatic sid-
erosis and fatty liver failed to thrive, while the remain-
ing seven patients had normal weight gain. The facts
suggest that postnatal iron overload in the liver
caused by cholestasis induces a histologic finding of
hepatic siderosis, as in BA, which does not result in a
histologic combination of hepatic siderosis and ste-
atosis seen in the 10 INH patients. Other factors may
also contribute to the pathogenesis of the disease.

NISD was generally thought of as a syndrome
arising from severe fetal hepatic injury or from excess
transplacental iron transport. Massive doses of iron
sometimes cause death in experimented animals, but
no iron-induced liver changes are seen in surviving
animals (18). Excessive iron transport from the
mother to the fetus does not normally occur, but the
iron concentration in the human fetal liver shows a
striking interindividual variability (19). Accordingly,
we can not deny the possibility of prenatal iron over-
load as a cause contributing to the pathogenesis of the
disease. The present cases with macrovesicular fat
and iron accumulations in the liver may represent
mild NISD, resulting from prenatal iron overload
caused by excess transplacental iron transport or by
nonsevere hepatic injury of unknown cause.

Digestive Diseases and Sciences, Vol. 43, No. 2 (February 1998)



IDIOPATHIC NEONATAL HEPATITIS

Fig 1. Histological findings in patient, 53 days old life: diffuse macrovesicular fat accumulations in the
parenchyma and diffusc iron deposits in hepatic and Kupffer cclis (Prussian blue stain; A: X200, B:
X400),
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e clt, BEOBEL/RT. Z0i3
#, [iLi& pancreatic secretory trypsin inhibitor
(PSTI) DLEANEL DEFITHESNTWA,
PSTI ® LR IHFIRIC BT 5 PSTIEETF DOFB
TEEIZE 505, ZOFIEIAHTHS, LiL,
PSTI O L5413 CTLN2 BIERI A HRBH LB D
T, BHICHER LS Tna,

BUREIIEETH Y, FHEEAIITEL
LWHEVEDRZS (BRI 3o oh s,
11 ASS H 1K & U\ - SRIGHRIRSO0RIAT T 13, SR LB
BBASH FTNERTOTRY—% ASS BIRH ) HB

Hohd, REROTETRERMETIEELSATY
5.

&3 NICCD QOEERIRD KUREFR
S (R, B o, ~EVFY vk,
FragaE{t)
BB E
BEZEA S 2 (43I VERE, ¥¥3IVKKZ)
B R T
B EAER/RERIIRR
FNAHBR lLE
% « -fetoprotein MLAE
SHEET I/ BIE (V) Y, 2FF=y, Fu
vV, AvF=r, 3R

2 (i *

BTy F - AME/E R

BT YEZTIME

{5

ZOEN (BEBEERET, Wouita, BT, $E,
MK, B, BHsEEE, SaEkn
#iE)

*ORBREF VL IICRASHIEENOZEEAHLTVS

EBr S5

3) AE ()

CTLN2 3, FEERSELEATHRICESL L
VE, FHRABRORBE SN TEL, L,
JFREERY 2 ASSTEHRT TH B Z & s, R
W72 O SR B E AU AT O IF B O B
RVFE S, 1988 FELLE, 3561 (AEfRE45
FFRAE 33 60) THIfTSh T3,

2. YMUCRBICKZHERRETS -
7‘% (NICCD) 1) ~10) 12) 14)

1) BRF&

2001 4, NICCD 2B ABASSFER Y P v ) &
M#E 0% (CTLN2) & [[d—®#&EF (SLC25
Al3) BRI ZERTHD Z EFHLPICE
N9, BHEE TR 150 BIRTTR DIEFIAZHT S L
Twa, NICCD &, OFEMEE, QHER
RAAZN) =0T (HF7 b=, AFF
=V, TNV TI5ZV) BBOBOREKTD
BROEL K B, NICCD DEFERE S X Utk
RO, RIDIL ) IR ESNS,

R 2 08 ) FFA et 2 mat e LT, #IE,
MoK, @7 e TIHIE, KT EhcHhb.
NICCD DERRIZCEE 2O, ¥ MV VIE
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B4 FHE&EE

EETRILERS HAM, ALTRE I EHOFESEERT (X200). LBE HERE®R, THE
Agh&ig. 5H A CRPIREOBHIEILA L FIREDBOBHLEIBEIN2. 1HRTIE, B
SR PIRRIAO 2 < EEIBICRE & h 5 AP0 R BB I BE S0 S EFIMR)

FEOL VI ENDH DL (BARER), IEL
(AL &itpEpste LT, Ho2RET
VEZTIEIEIINTHLETH S,
Ok - — 0, DEREAT, PREGMNT
%, BERGUERFRRAMERE, F SR OMBEE
RY (4). JEHiRF, BHRHELIE L RE E T
EALT B S, —ETIE, MIRESR S OIRIEL
HR MRS OPBIR 2 EPBESIN L. F
Bt oL, FLIBMHE L OB HILUE T b 4
HINTWE, ZOHEAITE, WFNI AT
15—+ (AST, ALT) O LFE2MHE. JHUE
PERTREAS I 4 BT S, Wb R
HASHIC ST WA, 4B 3 F1E 1 BELT OfE
BIThHsb, 10, FEBLUEKREZEHLLC
NICCD DI TdH B A5, % DHOFRM I JFE
BEE7 vy E-TIEE &L, 165 CHEME
EETTWEY,

Qv i) ylEAEGSERT I/ RML
fE LA SLIBHIORE ) o W T,

20
& Citruline

B Methionine
Threonine
Tyrosine

| 2 3 4 s 6

Es mME7FI/B7074)b
EBll L d4~6TBBET I /BOENFESNAD YHEETS
J B (citrulline, methionine, threonine, tyrosine) E% EER{ED
54

AFF=y, FuyUyaBEERT LM
NTwiz, NICCD Tid, ¥ b ¥, 254 =
v, FOyy, ALFZY T T Ik
EOSFET I/ BRI R TS 557,
PRETIEBV, RAFECTILFRBTERD
LwZ EeAHbH (A5).
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ZOBMADO—2L LT, ATHLOEHIEEIL
BAO2EHBRICHES L, EHAMINRILS
NIREEIH BT EEZ LN T VL2010,

QBREHIMAE | BRRIH LB & Bl s
nice0 Bl s7HlombEE L NIVt 4.9 g/100
miETHo7z, L, £DEHh0 36,
PRREVIZEIE - KPR S N, BEL
KEHMAE (3.2~ 4.1g/100ml), B UREH
I o, BRIEEF, ~NEVFTY VAR EOER
RFAE 2R L, KRMoREHERE gD
TWieA, RFEAYIZNICCD & B sns, —
%8912 NICCD T, REHMAED SHEE 1252
HHNDL, LIVONOREF T, 1451 EHH
50g/100ml LT TdH - 72V, REREK % &6
L, WEBHPER S WER T, KEALE
(3.7 ~4.1g100ml) FEHLNT VB,

@@y 77 b—AME - AR HFER~
A A =2 THBVIEHERILERD
BRI ) AT, BT 2 b AMJES
RBHBHIENH AN, £O-—ERIZ NICCD #5%
ATV EZEZ biILs, NICCD O—ECldE A
TP AMENREDLNLEY, ¥F7 +—2R
OIS 3 BERIEMACRFT I o wd™Y, Mg
MO NADH O R EEED 7%, UDP-galactose-
4'-epimerase G TEAHIH] S A T EEMEA R S 1
Twa. BIEE T, 3foaNBES P HE
ShTwa,

@A bhbho 14 EF DR TIE,
I AEDREERIL 2 A%, FERUBEME S L OB
KOEOEFMFBOBO 16l#HE ST

4 NICCD, FERETN,

(43 mg/100 ml, 40 mg/100 ml). FEHIIARBHT
HBHH, FIE TEHEEREMEEH S, &
ECTEHRENEOON, ELIIHAEPERIC
HbEEZOLNL, LIzA-> T, NICCD Tl
We R L5103, LHzHFHRBEESS S
TEEBR)ZENEETHD.

©F7 v EZTHIE : HFERDOREF A 70
BRBATH), —BUEOET v EZTIIEL
ROLZENH L, Tz, FLBETERBEAME
EHRIZERTD, BEOT v EZTEAND
L4 L, NICCD DFRFEY 1 7 VIZHET
HEFIEHITIEETH Y, FENEEOFAEH
HLEGEEEFNE LT, o2 ET VEST
MAEIRED 2\,

NICCD T3, #HAERSZ - A7) - 7%
REITCRBEDNET T 7 MAEIEE LT
e s T a (100 ~ 200 £g/100ml) . # O
MO SEFTOIREDOET =7 MIEN#E
ENTVBED, WTFhEEBEKERTH S
(102 ~ 196 pg/100 ml). LLEA 6, BEDOFT
CEZTHEORKIIE, AGC DIEERTB LV
T BT BB OREAME L ER TV D,

DS > NICCD Tid, M@y
JNENZHEBL, BESIT) oD 5
%L (FT4)W., Z0OF L LTIk, NICCD T,
AR ) e ERE L, NADHO I bz
YR TANOEFEFEESN, TAVF—E
AERET L, ATPARGFHRE BRI
52 HER, SELZIEN ) o WL T 5.
SHIIRRIEE (REBMAR) 1240,

Zu,

ABEEAEDABT D DI

BEYILEY  mg/100 mi
EHEYYNVE Y mg/100ml
BB pmol
HBIBHBEYEEY Y VY Ratio
GGTP 1U/I

7.0 (2.7)
34 (14)
229 (59)
77 (35)
181 (26)

8.3 (2.3) 93 (2.5)*
54 (22)* 6.2 (2.1)*
150 (50) * 121 (38) *
32 (17)* 21 (10) *
73 (28) * 256 (46)

* NICCDICMUTHEEENHD LD
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]|5 NICCD DFRAAE;HES

AAEHEE  mol/mmolCr
C/CDC
A8 3-oxo-ACHEITER (%)

0.11~0.51
36~171

11.3~45.1

142~55.7
0.10~1.29
31.8~6383

8.4~94.8
4.17~233
6.7~23.6

|6 SLC25A13BIEFREOILRHLIZROEFRR
JEILHR DN IR %
GRAELR RO 2 PBFELIE T L)
y Rt (BB P YEEREO) BIE
MEMET VA ‘ - -
TADA
BB E R IE
BrUET A FE .
BbEE | AR LEEARGE T VAR

TAD ARSI
EaEE Rk
[0 ik
INATAY AREBH
RRLERET

IRV F BTSSR SN D EIFERD K
SELTWALDEEZTWA,

Z O, NICCD DFRPABITEESHTCld, fR
LRTRFEBEI N TS (RS2, RAIRHER
LAOVIMBOIEN ) o EBE LR LAV TH
L0, Qa— Vi /74 % a— VEElL
(C/CDC) (3 15AE, @# 3-ox0-A* FHIHEEL N
FIEE. DLEoR R, BHEBAHoRkIm %
R L, NICCD TEHIR S NLEELHIBT ) - i
DFRD—DEEZ LNTWVED,

@ FDMOEEERG | CTLN2 BEHRE S AD
ShIBEA DB O BRI IR L 29 (R 2),
NICCD OF &£ - L 0fBEE GO NH
WEALIBE ORRIRIE & RIZTRT (Re6).

O iR L FB - NICCD OB F I H A RIF 4
DEFHET A, FIEE (vvy — T4 %
J-VER), lREM®Y Y I v, THIELE®
(MCT) IN7 DEGHERTH DI, 77
F—AMFEDHHHEITE, FI o b—AkE
INTEERETA.

R7 Y MUYRIBEDRE  MEOSIEESLUA

BEMED B HIRE (xm13) L35I

BB N EARE
Tha—j (B
BEE-EmAvnY - (MEDD)
Glycerol (f&f%)

BRIIFTE DREE
Sodium benzoate or phenylacetate . 7 /€27 -

T3 Bt ORE

Arginine : JRFE A BLRA

Pyruvate : {0 NADH D ERML & OAA OHERS

Aspartate or asparagines: Hil3 & D Asp 45 ?
*ORE - BEZX ML ADOBREFH B, BE (BTLET-TM

fE) OFR, (K#HEE (SENE, BIFT) HEL, FHFR
EHAIRMEN BB

KERGOREFNE | fERTIZELE T 5. —-ARAYIC,
LHEmT I E, BECY LYY, BT
B%, GGTP, M5 Y A7 35—+ (AST, ALT)
BORFEE, ZOMEFTYEE LEET L, B
WCTHRICEHET 22 4 H 5, HEI LWV
PRI LMY A &, BREFMENTSIATETE L
7o E, FREETT AU RN H LD TE
BEOLETHA.

NICCDD 7 # 0 — - 7 v FTEELDIL,
O7Na—VOET, ORIEABEROREDET
HbH. BT YEZTMIELT TR, A7V
I VW RAE *, Reye JEMEMZ &0 6 @ 5 HNE
EUBFICEESLETH L, HEE, SEED
MR OHHES 7)) 24— (10% 7)) tu—)L
ESBINT F—RA) OFEHIZEITLREZE
EZONTWENLTHL, SHikEOHI,
fla B MO NADH A% L, Falilk, +iEiahs
OEERTLESY, @7V ESTIELXOER
2. )t — id glycerol-3-phosphate (2%
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s, HiAE O NADH % KEIZHER LIRES
WEHEET L., 77 b= LR, —H
120 ERILE ST, ATP LNUVASMET T 5 W6
UHHs., NV EHEL, BHANEEY D
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ELTD-7 o2 h—ApEE & h, FEEX(C (K0

DR, TY A~ IWDERTERDBILESH B P S
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ELTHRET 2] EKEARMETHL. BE
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YEZTHSEY &L, BB 72 ER%
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1&, NICCD {&DBFEHIFRE & A\ I3 Eeel: -
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DEA 2 ML, FE— ETHIFRENEEL
Twigwnh] THhH,

B X mk -
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