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Abstract

AIM: To elucidate the impact of hemodynamic para-
meters on ultrasonography and serum fibrosis markers
for the assessment of liver fibrosis in the children with
infant hepatitis syndrome (IHS).

METHODS: Forty-one children with IHS and 46 healthy
infants were examined by ultrasonography, and several
hemodynamic indices such as peak systolic velocity
(PSV) and resistant index (RI) of proper hepatic artery
(PHA) were measured. Serum fibrosis markers including
hyaluronic acid (HA), pre-collagen type-II (PC-II),
collagen type IV (C-IV), and laminin (LN) were assayed
by radioimmunoassays. In children with IHS, liver
tissues were obtained either by ultrasound-guided liver
biopsy (7 = 35) or in the course of operation (7 = 6).
The stages of hepatic fibrosis were scored as mild (S:
and S2), moderate (S3), or severe (S4) according to liver
histological diagnosis. Multiple groups comparative and
Spearman correlative analyses were carried out.

RESULTS: Histopathologically, 39 children (95.1%) were
found to have hepatic fibrosis, 12 of them stage S1 or
S2, 12 stage S3, and 15 stage S4. PSV, RI of the PHA,
and serum HA showed a consecutive increase from mild
to severe hepatic fibrosis and a close positive correlation
with hepatic fibrosis in IHS group (r = 0.717, 0.745 and
0.712, respectively, 7 = 0.001). The Doppler waveform
of HV was also positively correlated with the degree of
hepatic fibrosis in IHS group (r = 0.783, P < 0.001).

CONCLUSION: Combination of ultrasonic studies on the
hepatic hemodynamics with the evaluation of serum HA
may provide an indicator for hepatic fibrosis in patients
with IHS. This may be a useful noninvasive method for
the diagnosis and evaluation of the prognosis of IHS.

© 2006 The WIG Press. All rights reserved.
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INTRODUCTION

Infant hepatitis syndrome (IHS)" is defined as elevation
of serum levels of conjugated bilirubin in the first 12 mo
of life, may be due to infectious, genetic, metabolic, or
undefined abnormalities, giving rise either to mechanical
obstruction of bile flow or to functional impairment
of hepatic excretory function and bile secretion. Main
symptoms are prolonged jaundice, hepatomegaly or
hepatosplenomegaly, and impairment of the liver focused.
Although IHS has multiple etiologies, hepatic fibrosis is
one of the main pathologic features. Histology is the gold
standard for assessing the degree of hepatic fibrosis and
for estimating prognosislz’ﬁj; however, there are several
limitations in the usage of liver biopsy in general clinical
practice due to the invasive nature of the examination,
especially in infant age group. So there is a need for a
non-invasive examination, which is clinically useful and
accurately reproducible.

In adults, two-dimensional ultrasonography
@DUS)*>™, Doppler blood stream” """ and determi-
nation of serum fibrosis markers!”"***** have been
performed widely for the noninvasive diagnosis of hepatic
fibrosis and therapeutic surveillance™?") and they were
also useful in the assessment of cirrhosis in the pediatric
age groupmﬁoj. But until recently, only a few studies””
focussed on infants, especially on infants with IHS.

This prospective study investigated the association
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between the hepatic fibrosis in infants with IHS and
hepatic hemodynamic parameters and serum fibrosis
markers, correlated the results with the histological
findings, and evaluated the clinical relevance of the
noninvasive methods.

MATERIALS AND METHODS

Patients

Forty-one infants (27 boys and 14 gitls; mean age 5.2 + 3.6
mo) who were admitted in the Department of pediatrics
in our hospital from January 2000 to December 2003
were included. The patients were diagnosed as infant
hepatitis syndrome (IHS) according to the diagnosis
criteria of the national infant virus hepatitis prevention
and cure symposium!". Infants presented with jaundice,
hepatomegaly or hepatosplenomegaly, and impairment of
the liver function. They didn’t have any contraindication
for liver biopsy. Those with clinically overt heart failure
were excluded. Etiologies included viral infection,
metabolic disorders, familial cholestasis, or idiopathic
neonatal hepatitis. Etiologies were categorized on the basis
of their clinic and pathologic diagnosis (Table 1). Forty-six
infants (34 boys and 12 girls; mean age 4.6 = 3.6 mo) who
presented with normal liver size and function, negative
HBYV status, and without any history of clinical signs of
liver disease setved as healthy controls.

Ultrasonography

Ultrasonography was performed on all children (healthy
and those with IHS) by two physicians, who were unaware
of the results of the liver biopsy and any laboratory
finding at the time of the examinations. All children
were held in the arms of their mothers and studied after
a fasting period of 2-4 h. Some of them were examined
during normal sleep, some were helped by use of a sugar
nipple, if necessary, and some were given a sedative drug
before the examination. GE-LOGIQ9 ultrasound scanner
(GE, Milwaukee, and American) equipped with an 8-MHz
electric curved scanning transducer or HP 8500 ultrasound
scanner (HP, Andover, American) with a 7.5-MHz electric
curved scanning transducer were used for the examination.
Evaluation of liver parenchyma includes the assessment
of the size, configuration, homogeneity, contour, and the
vascular structure. Spleen and visibility of the gallbladder
were also evaluated and compared with normal data.
Color Flow Mapping(CFM) was used to determine the
direction of flow of the hepatic blood vessels, and Pulse
Wave Doppler (PW) was used to measure the Doppler
waveforms of the PHA, portal vein (PV), and hepatic vein
(HV). During the PW examination, the angle between the
Doppler beam and longitudinal axis of the blood vessels
was kept at 30°, and Doppler sample volume was smaller
than the inner diameter of vessels. In each individual,
the Doppler waveforms of the PHA, PV, and HV were
measured. Doppler waveform analysis was calculated
from 3-5 consecutive waveforms on the Doppler tracing
in each subject. Flow in the middle hepatic vein (MHV)
was evaluated at subcostal or intercostals, a distance of at
least 2 cm from the inferior vena cava (IVC). This distance
was important to rule out the possibility that the MHV
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Etiology n %
Cytomegalovirus hepatitis (CMVH) 18 43.90
CMVH + Glucose-6-phosphate dehydrogenase 3 7.32
CMVH + congenital choledochocele 2 4.88
CMVH + intrahepatic biliary atresia 1 244
CMVH + hemangioma 1 244
Glycogen storage disease 5 12.20
Infant Hepatitis Syndrome (undefined) 8 19.51
Congenital deformity of biliary tract

(Extrahepatic biliary atresia) 1 244
Congenital choledochocele 1 244
Drug-induced hepatitis 1 244
Total 41 100.00

flow pattern was influenced more by the flow pattern of
the IVC than by the surrounding liver parenchyma.The
waveforms of the MHV were classified into 3 types' "%
Type 1 (HVO), regular triphasic waveforms (with a short
phase of reversed flow) which were considered to be
normal flow, whereas type 2 (HV1), biphasic waveforms
(without reversed flow) and type 3 (HV2), flat waveforms
(with continuous blood flow) were considered to be
abnormal.

Laboratory tests

Serum total bilirubin (T-Bil), indirect bilirubin (I-Bil),
direct bilirubin (D-Bil), aspartate aminotransferase (AST),
alanine aminotransferase (ALT), y-glutamyl transpeptidase
(y-GTP), alkaline phosphatase (AKP), total protein,
albumin, globulin, the ratio of albumin to globulin (A/G),
and prothrombin time were measured by routine methods.
The etiologic differential diagnosis was made according to
the presence of serological markers for viral hepatitis type
B, toxoplasma, rubella, cytomegalovirus, herpes simplex,
and syphilis (TORCHS) (positive IgM or more than a
fourfold rise in IgG titer), and urine cytomegalovirus
(CMYV) culture. The serum specimens for fibrosis indices,
including HA, PC-TI, C-IV and LN, wetre determined
by commercially available radioimmunoassays (RIA kits;
Shanghai Navy Medical Institution, Shanghai, China).
Samples of peripheral venous blood of the subjects were
collected, immediately separated, and preserved at -40°C
until they could be assayed.

Liver biopsy and histological analysis

Liver biopsy was performed in 41 children with IHS, 35
cases underwent US-guidance liver biopsies and 6 cases
underwent operation biopsies. Intercostals or subcostal
ultrasound-guided liver biopsies were performed during
the scanning with an 18G biopsy-cut (CR Bard, Inc.,
Covington, GA, USA) needle driven by the spring-loaded
automatic biopsy gun (CR Bard, Inc., MAGNER, USA).
The Bard biopsy gun consists of a hand-held device that
triggers rapid firing of an 18G cutting needle. When the
gun is fired, an inner trocar with its 1.9 cm sample notch
thrusts forward, followed by its outer cannula which sheats
a core of tissue with minimum crushing of the specimen.
For a satisfactory sampling, an average of two specimens
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was obtained in each ultrasound-guided core-needle biopsy
case. All biopsy specimens were 0.8-1.9 cm in length and
were fixed in 10% buffered formalin. Sections were stained
with hematoxylin-cosin; Masson’s trichrome stain was used
specially for staining of fibrous tissue components.

The stage of hepatic fibrosis was scored according to
the diagnostic criteria of viral hepatitis in Xian, China,
2000”7, SO corresponds to the absence of fibrosis, S1 to
fibrosis within portal tract areas, S2 to fibrosis around the
portal tract areas with formation of fibrosis segregation
while maintain lobular structure, S3 to the formation of
fibrosis segregation and disorder of lobular structure
without hepatic cirrhosis, and S4 to eatly or late stage
cirrhosis. Then these patients were divided into three
groups: mild (S1-S2 grade), moderate (S3 grade) and severe
(84 grade).

Statistical analysis

The one-way ANOVA was used to compare numerical
variables between multiple groups. The chi-square test
and Fisher exact test were used to compare categorical
variables. Association between the ranked values was
evaluated using Spearman rank correlation. P < 0.05 was
considered statistically significant. All statistical analyses
were done with SPSS for windows, version 10.0 (SPSS Inc.
American).

RESULTS

In the IHS group, there was an increase in T-Bil which
teached up to 810 umol/L. D-Bil increased in almost
all except for 5 children (I-Bil was higher than D-Bil).
There was an increase in serum ALT activity in all cases,
the highest value was 598 U/L, mean 126.9 U/L. Serum
AST activity increased in all except for 3 cases, and the
highest value was 2816 U/L, mean 282.4 U/L. The AST/
ALT ratio was 3.5 (normal 1.15), the ratio of albumin to
globulin (A/G) decreased in 29 cases, and inversed in 5
cases. Pathology showed liver fibrosis in 39 cases (95.1%),
12 cases with S1 or S2, 12 cases with S3, and 15 cases
with S4. Further findings were ballooning change (# = 35,
85.4%), hepatocyte necrosis (7 = 30, 73.2%), cholestasis in
liver cells (7 = 26, 63.4%), cholestasis in the hepatic lobules
(m = 21, 51.2%), cholestasis in portal area (# = 7, 17.1%),
and cytomorphosis of giant corpuscle (# = 20, 48.8%).

2DUS findings

In the 39 cases of liver fibrosis, 15 cases with S4 stage
liver fibrosis (confirmed by histological diagnosis) showed
that the liver parenchyma was more echogenic and coarse
than normal, among which 6 severe cases with obvious
echogenic changes_showed nodularity of the liver edge and
ascites by two-dimensional ultrasonography (2DUS). The
other 24 cases with S1-83 stage liver fibrosis (confirmed by
histological diagnosis) were all hepatomegaly but the liver
parenchyma was normal, except for 5 cases of Glycogen
Storage Disease (1 case in SO stage, 2 in S2 stage and
2 in S3 stage) presented with significant hepatomegaly,
increased echogenicity, and slightly increased attenuation.
Additionally, we found that proper hepatic arteries (PHA)
in the IHS group were enlarged and even were easy to
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Figure 1 A: Duplex Doppler Sonogram of case with IHS showed the PHA was
easy to see as well as PSV and RI of the PHA increased significantly; B: Duplex
Doppler Sonogram of the normal subject showed normal waveform of PV, and
PHA cannot display clearly.

display on the 2DUS.

CDUS findings

We found that PHA in the IHS group can be displayed
easily on the B-Mode, as well as on the Color Flow
Mappings and even better (Figure 1A). PHA can be seen in
100% of patients in IHS group but only in 58.7% of the
control subjects, there was significant difference between
IHS group and control group (P < 0.001). And then,
PW parameters showed an increase in PSV, EDV, and Rl
(Figure 1A). PSV and RI in IHS group were significantly
higher than in the control group (P < 0.05), as well as, with
development of hepatic fibrosis from mild to severe, PSV
and RI of the PHA increase gradually (Figure 2A and 2C),
and EDV of the PHA decreased gradually (Figure 2B),
there was a significant difference between groups (P < 0.05).
Furthermore, PW waveform of the MHV developed from
HV1 (damped biphasic waveform without reversed flow)
to HV2 (flat waveform) with the severity of the hepatic
fibrosis (Table 2).

Serum fibrosis index

Serum concentration of fibrosis markers was higher in
the IHS than in the control group (P < 0.05). Especially
serum HA increased gradually from the mild to the severe
group along with the severity of the hepatic fibrosis (Figure
2D), and it was significantly higher in IHS group than in
the control group (P < 0.05). For PC-III, C-IV and LN,
there were also significant differences between infants with
severe hepatic fibrosis and the control group (P < 0.05).
When infants of the IHS group with mild or moderate
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Figure 2 Boxplots showing A: Significantly higher PSV of PHA in patients with
advanced liver fibrosis; B: Decreased gradually EDV of PHA in patients with
advanced liver fibrosis; C: Significantly higher Rl of PHA in patients with advanced
liver fibrosis; D: Significantly higher serum HA level in patients with advanced liver
fibrosis.
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Table 2 Doppler sonograms in hepatic veins in patients with

different fibrosis stage of IHS 7 (%)

Group Patients (#) HVO HV1 HV2 Total

Control group 46 43 (93.50) 3(6.50) 0(0.00) 46 (100)
Mild group 12 2(16.67) 10(83.33) 0(0.00) 12 (100)
Moderate group 12 1(8.33) 10(83.4) 1(8.33) 12(100)
Severe group 15 1(6.67) 10 (66.67) 4 (26.67) 15 (100)

Chi-square test, x> = 37.67, P < 0.001.

fibrosis were compared to the healthy group, differences
did not reach statistical significance (Table 3).

Correlative analyses

We found close positive correlations between the serum
HA and hepatic fibrosis (» = 0.712, P < 0.001), between
PSV of PHA and hepatic fibrosis (» = 0.717, P = 0.001),
and between RI of PHA and hepatic fibrosis (r = 0.745,
P = 0.001). The changes of hepatic vein waveforms were
also positively related to liver fibrosis (» = 0.783, P < 0.001).
In contrast, liver size, the size of the spleen and hepatic
capsule, the echogenicity of the liver parenchyma, the
inner diameter of the PV, nor the velocity of the PV were
found to be useful for the diagnosis of hepatic fibrosis in
IHS patients.

DISCUSSION

The basic pathological changes of chronic liver disease
in the adults have been recognized more accurately
and profoundlym"%]. According to a new pathological
classification method which was cartied out in the adults
in our countrym], staging of hepatic fibrosis can help us
to recognize the development of the hepatic fibrosis in
infants with IHS in our study. In the IHS group, 39 cases
(95.1%) showed to have hepatic fibrosis by pathology.
Further findings were ballooning change (7 = 35, 85.4%),
hepatocyte necrosis (7 = 30, 73.2%), cholestasis in liver
cells (» = 26, 63.4%), cholestasis in the hepatic lobules (#
= 21, 51.2%), cholestasis in portal area (» = 7, 17.1%),
and cytomorphosis of giant corpuscle (# = 20, 48.8%) of.
Our findings showed that hepatic fibrosis was also one
of the main pathologic features in the patients of this age
group. We found no significant changes between the mild
and the moderate hepatic fibrosis in 2DUS examination,
it is compatible with other reports in the literature about
adults™".

PSV and RI of the PHA were significantly higher in
infants with IHS than in the control group (P < 0.05).
This phenomenon might be due to shrunken intrahepatic
blood vessel space and the correspondingly increased
peripheral resistance of the artery microvasscular bed,
which increased the PSV and RI. This might also be
the result of the severity of diffuse liver parenchyma
impairment, hepatocellular degeneration and necrosis,
inflammatory cell infiltration and fibrous connective tissue
development™”. Our findings also showed that PSV, RI of
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Group Patients (17) HA PC- I CIV LN

Control group 46 225.18 + 80.58 432.32 +166.68 129.69 + 33.08 141.63 + 34.63
Mild group 12 352.11 + 157.33% 44573 £191.11 149.85 +49.27 151.22 + 36.57
Moderate group 12 44748 +175.57° 480.77 £ 217.15 141.91 £ 47.51 132.56 + 41.29
Severe group 15 745.32 +231.12° 580.36 + 147.79° 185.00 + 45.82° 167.90 + 29.41°

HA, Serum hyaluronic acid; PC- IIl: Pre-Collagen type IIl; C-IV: Collagen type IV; LN: Laminin. °P < 0.05, and "P < 0.01 vs control group; ‘P < 0.01, vs

mild and moderate group.

the PHA increased gradually and EDV decreased gradually
with advanced liver fibrosis, and there were significant
differences between their groups (P < 0.05). PSV and Rl
of the PHA were positively correlated with the severity
of liver fibrosis (» = 0.717 and 0.745, respectively P =
0.001). Hemodynamic changes of chronic liver disease
in adults™ ™"
described by other researchers. Some results of our study
were inconsistent with the findings of Xue ez al'” whose

I and in the pediatric age grouplz()J have been

wotk was focused on chronic liver disease and confirmed
cirrhosis in adults. One point was EDV of PHA elevating
in IHS group instead of declining, another was velocity
of PHA increasing without deficiency of PV. These may
be concerned with a relatively short course of disease,
abundant hepatic blood flow, active liver fibrosis and
inflammation, or vasodilatation induced by inflammatory
substances in patients with IHS.

In our findings, the changes in the waveforms of the
hepatic vein were positively correlated with the severity of
liver fibrosis (= 0.783, P < 0.001). Other groups described
a damped waveform in the hepatic veins of patients with
liver cirrhosis, and our results were consistent with the
studies of Bolondi ¢z /. This may be due to increased
parenchyma stiffness, which impaired the compliance of
the hepatic veins and caused the waveforms to change
from HVO to HV1. With the development of the hepatic
fibrosis, diffuse fibrosis can cause disorganization of lobular
architecture. Therefore, the hepatic veins were stenosis
by pressure of the fibrosis tissues, pseudo lobule and the
hepatic capsule. Furthermore, a damped waveform (HV2)
in the hepatic veins was associated with focal hepatic vein
stenosis' Y.

Many groups addressed serum indexes such as HA,
PC-1II, LN and C-IV, which reflected the stage of hepatic
fibrosis. There is agreement that the four serum fibrosis
indexes are relevant for the serodiagnosis of hepatic
ﬁbrOSiS, either alone[2,5,12,15,17—19,21,24,31,32] 4,16,
DREBH 1 our study, although we found some cases were
inconsistent with pathological diagnosis, even with a high
stage of hepatic fibrosis, the four serum fibrosis indexes
were still around normal range, but statistical results
indicated that the serum fibrosis index HA increased
gradually from the mild to severe group as severity of liver
fibrosis increased, and was significantly higher in each of
fibrosis groups than in the control group. And then, the
serum fibrosis index HA has a high positive correlation
with the severity of hepatic fibrosis in IHS group. For the
other serum fibrosis indices, PC-1I[, C-IV and LN, there

or in combination

was only a significant difference between the severe hepatic
fibrosis group and control group. And PC-II, C-IV had
a low positive correlation with the severity of hepatic
fibrosis in IHS group. There was no correlation between
LN and the severity of hepatic fibrosis in IHS group.
One researcher’s result showed the rate of inconsistency
between the four serum fibrosis indexes and stage of
hepatic fibrosis: HA was 29.2%, C-1IV 31.9%, PC-III 34.5%
and LN 38.1%, the rate of consistency between serum HA
and stage of hepatic fibrosis was the highest one, which
was followed by C-IV. This suggested that among the
four serum fibrosis indexes, HA was the most ideal index
for the diagnosis of hepatic fibrosis'"”. Our results were
also consistent with other reports in the literature™" ",
Furthermore, infants less than one year old belong to a
special group in the mostly active developing phase, the
concentration of serum fibrosis indices was affected by
many factors. In particular, serum PC-1II is very high in
neonates, but quickly decreases by one year of age showing
a marked negative correlation with agemj.

Liver biopsy guided by ultrasound in infants in 35 cases
were performed during the scanning with an 18 G biopsy-
cut needle driven by spring-loaded automatic biopsy gun,
satisfactory sampling were get in all cases without any
complication. A level of serum total bilirubin < 200
umol/L( former 136 Hrnol/ L) was indicated for liver
biopsy in IHS group. According to our results, we consider
that in clinical application, ultrasound-guided liver biopsy
is also a valuable technology, secure, rapid, with high
achievement ratio and no complication in the infant age
group.

Our findings showed that young age, short course
of disease, incompatibility with age and degree of liver
fibrosis were the features of IHS group, parameters such
as serum HA, PSV, and RI of PHA as well as the changes
in the waveforms of the hepatic veins were more sensitive
and reliable indicators in evaluating hepatic fibrosis in
patients with IHS. Combination of ultrasonic studies on
the hepatic hemodynamics with the evaluation of serum
HA may provide an indicator for revealing hepatic fibrosis
in children with IHS. This may be a useful noninvasive
method for the diagnosis and estimation of the prognosis

of THS.
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