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Abstract
Background Hyaluronic acid (HA) is removed by the liver via sinusoidal cell adhesion molecules. This is impeded in
Objective
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fibrosis, leading to a rise in serum HA. As a noninvasive marker of fibrosis, HA may obviate the need for
liver biopsy.
To evaluate HA as a marker of hepatic fibrosis in unselected children undergoing liver biopsy or
ultrasound.
Fifty children aged 2-156 months diagnosed to have different types of chronic liver diseases (CLDs) and
thirty healthy children aged 2-156 months were studied as controls were evaluated at the Teaching
Hospital and Gastroenterology and Hepatology Center, Medical City, Baghdad, Iraq. The degree of
severity of liver infection was assessed by liver biopsy or ultrasound. HA levels were measured using an
ELISA.
The mean of HA level was 0.61± 0.32 ng/ml in the control group, 3.05± 1.11 ng/ml in patients with
significant fibrosis and 1.18±0.86 ng/ml in patients with chronic liver diseases without significant fibrosis.
Significant fibrosis was found in 31 out of 50 children with chronic liver disease, 20 of them were
classified (METAVIR score) as cirrhotic liver. Seven out of 18 biopsies value of stage 4. Thirteen out of 32
ultrasounds described as having a coarsely textured liver. The sensitivity and specificity of estimated HA
values in the diagnosis of liver cirrhosis were 87.1% and 94.74%, respectively.
HA is a valid noninvasive predictor of histological fibrosis in children with CLD. It complements the
thorough investigations of a child with CLD; however, it cannot at present replace histological
examination to identify liver fibrosis. Further evaluation of HA is needed to ascertain the use of serial
measurements in the targeted patient groups.
Hyaluronic acid, chronic liver disease, liver fibrosis.

Introduction
wide spectrum of chronic liver diseases can
cause liver fibrosis (LF). Liver biopsy shows
these histopathologic changes, determines the
degree of fibrosis and is a guide to treatment
decisions.
Many children each year require a liver biopsy
under anesthesia. Liver biopsies, although
generally a safe procedure, can be associated
with serious morbidity and mortality, both from
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the procedure itself and the need for anesthesia
in children (1,2). Serious complications include
hemoperitoneum, pneumothorax and bile leak
(3)
are seen in approximately 1% of liver biopsies
(4)
. Another important limitation of liver biopsy
is inter- and intra observer variation among
pathologists (5-8) and therefore, liver biopsies are
only carried out if deemed essential.
Histological comparison of liver biopsies is
limited by the lack of an ideal hepatic fibrosis
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scoring system covering all spectrums of liver
disease. The Ishak scoring system has been
developed from the Histological Activity Index of
Knowdell with modifications allowing for
increased knowledge of etiology and histology
(9)
. Furthermore, the semi quantitative grading
systems developed for histopathologic analysis
do not reflect linearity of fibrosis deposition or
actual matrix content (9,10).
Ultrasonography can provide a non-invasive
prediction of liver histology which in moderate
and severe steatosis and advanced fibrosis can
be both highly sensitive and specific (11).
Ultrasonography is the most common modality
used in the diagnosis and staging of hepatic
fibrosis (12).
In recent years, interest in identifying and
describing LF by using noninvasive surrogate
markers has been on the rise. Serum markers of
LF offer an attractive, cost effective alternative
to liver biopsy for both patients and clinicians. In
addition to being substantially less invasive,
there are practically no complications, little or
no sampling errors and small observer related
variability. Moreover, measurements may be
performed repeatedly, thus, allowing for a
dynamic monitoring of fibrosis (13). Hyaluronic
acid (HA) is a high molecular weight
glycosaminoglycan synthesized by mesenchymal
cells, circulated by the lymphatic system and
widely distributed in connective tissue (14). It has
a half-life of 5 to 6 minutes in plasma and a vital
component in producing viscoelasticity in the
extracellular matrix; it also lubricates the
interstitial tissue. A small percentage of HA is
locally metabolized while the greater part of it
enters the blood through the lymphatic system
and from there goes into the liver where it is
immediately metabolized by the hepatoendothelial cells (15, 16).
The aim of the study is to determine the validity
of serum HA as a marker of hepatic fibrosis in
children with different types of chronic liver
disease (CLD), undergoing a liver biopsy or
ultrasound assessment.

Methods
This is a case-control study of fifty children with
different types of CLDs, 18 of them have
undergone liver biopsy at Gastroenterology and
Hepatology Center, Medical city, Baghdad, Iraq
during the period from Sep. 2011 to Feb. 2012.
The METAVIR scoring system was applied to
stage of LF. The other 32 were subjected to
ultrasound evaluation at the same hospital to
assess the liver texture as an indicator of
significant LF (17,18). Children with viral hepatitis
were excluded from the study. No children were
known at the time of sampling to have active
juvenile idiopathic arthritis or any joint
inflammation.
Conventional laboratory tests of liver function
such as alanin aminotransferase (ALT), aspartate
aminotransferase (AST), and total serum
bilirubin (TSB) were undertaken for patients and
controls within 48 hours of taking the samples.
Blood samples for hyaluronic acid (HA) were
separated and frozen at -20 °C before analysis.
HA levels were measured using an enzymelinked binding protein assay (Kit CUSABIO 2012,
China).
Liver biopsies of 18 patients with different types
of CLD were done by ultrasound guided
technique with spring loaded needle, and then
processed in the laboratories of Gastroenterology and Hepatology Center. An
experienced pathologist examined all the liver
biopsy specimens during a single sitting. The
pathologist was blinded to the results of the HA
level and the underlying clinical diagnosis.
METAVIR scoring system was applied. No or non
significant fibrosis (0-1), significant fibrosis with
(2-4). As for the ultrasound evaluated group, a
coarse liver texture, especially when associated
with irregularity of the liver surface, was
regarded as indicator of significant fibrosis (14).
The subjects in this study were divided into
three groups:
Group I: Children with different types of chronic
liver disease with significant fibrosis.
Group II: Children with unselected chronic liver
disease without significant fibrosis.
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Group III: Healthy children (control).
All the data were analyzed using the Statistical
package for social sciences (SPSS) software (v.17,
SPSS, Inc., Chicago, USA). The student t-test was
used to compare HA levels and the other
biomarkers, in the groups of patients with and
without significant fibrosis. Logistic regression
analysis was undertaken with the presence and
absence of significant fibrosis as the dependent
variable and HA levels and standard liver
functions tests (serum bilirubin, alanine
transferase, and aspartate transaminase) as
independent variables. To assess clinical
applicability (sensitivity, specify and predictive
values) a receiver operator curve was
constructed and the area under the curve was
calculated.

Results
Significant fibrosis was found in 31 of 50 children
with CLDs. Twenty (40%) of them were classified
(METAVER score) as cirrhotic liver, eleven (22%)
have no cirrhosis and the rest 19 (38%) show no
fibrosis (Figure 1). Seven out of 18 biopsies value
of stage 4 and 13 of 32 ultrasound assessed
group described as having a coarsely textured
liver. The mean HA level was 0.61± 0.32 ng/ml in
the control group, 3.05± 1.11 ng/ml in patients
with significant fibrosis and 1.18 ± 0.86 ng/ml in
patients with CLDs without significant fibrosis.
The results of study showed that HA, AST, ALT,
and TSB levels were significantly increased in
children with fibrosis compared to the control
group (p > 0.0001; p > 0.0001, p > 0.0001; p =
0.0001, respectively). Similarly, AST/ALT ratio
was significantly elevated in children with
fibrosis compared to control group (p = 0.0113)
as shown in table 1.

Table 1. Comparison between control group and patients with significant fibrosis
Parameters
Age (months)
Hyaluronic acid (ng/mL)
AST (IU/L)
ALT (IU/L)
AST/ALT ratio
TSB (mg/dL)

Control Group
N = 30
Mean ± SD
68.8 ± 39.67
0.61 ± 0.32
6.47 ± 2.18
7.53 ± 2.49
0.93 ± 0.51
0.62 ± 0.22

Patients with fibrosis
N = 31
Mean ± SD
80.32±58.85
3.05 ± 1.11
53.13 ± 43.96
42.23 ± 32.53
1.41 ± 0.86
9.31 ± 10.79

P value
0.3726
<0.0001
<0.0001
<0.0001
0.0113
0.0001

AST: Aspartate aminotransferase, ALT: Alanine transaminase, TSB: total serum bilirubin

As shown in the table 2, mean HA, AST, and ALT
levels were higher in children without fibrosis
compared to the control group (p = 0.0108; p =

0.0001; p = 0.0007, respectively) whereas, no
significant differences in the AST/ALT ratio
between the two groups (p = 0.0834).

Table (2): Comparison between control group and patients without fibrosis
Parameters
Age (months)
Hyaluronic acid (ng/mL)
AST (IU/L)
ALT (IU/L)
AST/ALT ratio
TSB (mg/dL)

Control Group
N = 30
Mean ± SD
68.8 ± 39.67
0.61 ± 0.32
6.47 ± 2.18
7.53 ± 2.49
0.93 ± 0.51
0.62 ± 0.22

Patients without fibrosis
N = 19
Mean ± SD
60.37 ± 52.19
1.18 ± 0.86
48.21 ± 37.78
40.21 ± 34.76
1.45 ± 1.18
7.39 ± 9.84

AST: Aspartate aminotransferase, ALT: Alanine transaminase, TSB: total serum bilirubin
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P value
0.5521
0.0108
0.0001
0.0007
0.0834
0.0077
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Table 3 illustrates comparison between CLDs
children with and without fibrosis. The mean HA
level was significantly higher in those with
fibrosis as compared to those without (P <

0.0001) whereas, no significant differences was
noticed in AST, ALT, AST/ALT and TSB levels
between the two groups.

Table 3. Comparison between patients with and without fibrosis

Parameters
Age (months)
Hyaluronic acid (ng/mL)
AST (IU/L)
ALT (IU/L)
AST/ALT ratio
TSB (mg/dL)

Patients with Fibrosis
N = 31
Mean ± SD
60.37 ± 52.19
1.18 ± 0.86
48.21 ± 37.78
40.21 ± 34.76
1.45 ± 1.18
7.39 ± 9.84

Patients without fibrosis
N = 19
Mean ± SD
80.32±58.85
3.05 ± 1.11
53.13 ± 43.96
42.23 ± 32.53
1.41 ± 0.86
9.31 ± 10.79

P value
0.2185
<0.0001
0.677
0.8396
0.8925
0.5234

AST: Aspartate aminotransferase, ALT: Alanine transaminase, TSB: total serum bilirubin

The cutoff value of hyaluronic acid was
calculated using receiver operating characteristic
(ROC) test and it was found to be 1.66 ng/mL
(figure 2), the sensitivity and specificity of
estimation of HA value in diagnosis of liver

cirrhosis were 87.1% and 94.74% respectively,
while the positive predictive value of HA in
diagnosis of liver cirrhosis was 96.43% and the
negative predictive value was 81.82% (tables 4
and 5).

Table 4. Cutoff values, sensitivity and specificity of Hyaluronic acid in all patients groups
Cutoff value
1.66 ng/mL

Specificity
94.74%

Sensitivity
87.1%

Area under curve
0.948

P value
<0.001

Table 5. Positive and negative predictive values for Hyaluronic acid in all patients groups
Predictive values
Hyaluronic acid

Positive test
Negative test
Total

Cirrhosis
Positive
27
4
31

Negative
1
18
19

Total
28
22
50

+ve predictive value: 96.43%, -ve predictive value: 81.82%

Discussion:
The liver excretes most of circulating HA, while
the kidney accounting for approximately 1%. In
the liver, HA is cleared from the circulation by
binding to CD44 adhesion molecules on
sinusoidal endothelial cells, with subsequent
transport into the hepatocyte. The CD44 is a
transmembrane glycoprotein involved in the
interaction between cells and extracellular
matrix. Sinusoidal endothelial cells lack a

basement membrane and hence, are permeable
to molecules moving into hepatocytes. In the
presence of fibrosis, the sinusoidal endothelial
cells become thickened which is less permeable,
so HA clearance is impaired and serum levels
rise.
Fibrosis
also
stimulates
hepatic
mesenchymal cells, so more HA is produced.
Serum hyaluronic acid levels are also raised in
joint inflammation, due to increased synovial
75
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production. Xie et al studied the relationship
between HA and procollagen III and collagen
type IV and the degree of the liver fibrosis and
they reported that HA had the closest
correlation with fibrosis (19). Some studies
assessing HA levels have suggested serial

22% Fibrosis
without
Cirrhosis

38% No
Fibrosis
40% Fibrosis
with
Cirrhosis

Fig. 1 Results of Liver Biopsy

Fig. 2 The receiver operator characteristic (ROC)
for sensitivity and specificity of hyaluronic acid
test
In children, HA has been studied in specific
etiological groups. In biliary atresia, the serum
levels of HA measured at diagnosis was found to
predict the need for liver transplant within the
first five years (22,23). Comparing serum HA levels
with histological fibrosis in children with biliary
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measurements are recommended to predict
clinical
prognosis
and
correlate
HA
measurements with other biochemical markers
of disease e.g., serum bilirubin and
transaminases (20,21).
atresia, Kobyashi et al (24) and Hasegawa et al (25)
showed that significant fibrosis correlated with
increased HA levels. In children with cystic
fibrosis with biochemical or radiological
evidence of liver disease, HA levels were also
raised (15).
This study has assessed the validity of HA as a
marker of fibrosis in pediatric patients with
chronic liver disease, by comparing its level with
the gold standard histological diagnosis of
fibrosis, or with ultrasound assessment. Thirty
one of 50 children with chronic liver disease had
significant fibrosis, 20 of them were classified as
cirrhotic liver, showed high level of HA.
The patients without significant fibrosis (mild to
moderate) were reported to have a mean of HA
level 1.18±0.86 ng/ml which is distinguished
from those with significant fibrosis (3.05±1.11
ng/ml).
Our findings of the receiver operating
characteristic (ROC) study are in agreement with
those of the previous studies. Nyberg et al (27)
have that HA levels are a sensitive tool that can
be used to determine the degree of progressive
liver injury in patients with primary biliary
cirrhosis. Fried et al (28) showed that patients
who developed liver fibrosis (LF) from chronic
veno-occlusive diseases also presented with
elevated HA levels. Other similar studies
involving patients with hepatitis C also revealed
a direct correlation between fibrosis in liver
biopsies and elevated HA levels (29,30). In Iran,
Montazeri et al (31) reported a relationship
between serum hyaluronate and the severity of
inflammation and fibrosis in patients with nonHBsAg hepatitis B. Furthermore; the study of
Hartley et al (32) confirmed these findings in a
sample of unselected children undergoing liver
biopsy.
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