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Abstract

Background Children with biliary atresia rapidly develop liv-
er fibrosis secondary to inflammatory destruction of the biliary
tract. Noninvasive detection of liver fibrosis in neonatal/
infantile cholestasis is an additional criterion for the diagnosis
of biliary atresia, leading to prompt surgical exploration.
Objective To assess the value of US with acoustic radiation
force impulse (ARFI) elastography to detect biliary atresia in
the workup of neonatal/infantile cholestasis.

Materials and methods In this retrospective study, 20 children
with cholestasis suspected of having biliary atresia were in-
vestigated by US and ARFI. We evaluated the association
between US findings and the diagnosis of biliary atresia and
with two scores of liver fibrosis obtained from liver biopsy.
Results In univariate analyses, gallbladder size, triangular cord
sign, spleen size and ARFI values were found to be associated
with biliary atresia, though only the triangular cord sign
remained significant when elevated gamma glutamyltransferase
(GGT) was included as a predictor. In contrast, spleen size and
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AREFI correlated with the degree of liver fibrosis on biopsy (>
0.70, P<0.001), which remained significant when gamma
glutamyltransferase elevation was included as a predictor.
Conclusion The addition of ARFI to a standard abdominal
US in the initial workup of the neonate with possible infantile
cholestasis can provide reliable information on liver fibrosis
and help in the diagnosis of biliary atresia.
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Introduction

The prevalence of neonatal cholestasis varies between 1/2,500
and 1/5,000 live births. It presents in the first weeks of life by
jaundice and pale stools.

Neonatal cholestasis may be secondary to various condi-
tions such as biliary atresia, choledochal cyst, metabolic dis-
ease, Alagille syndrome, alpha 1 antitrypsin deficiency, cystic
fibrosis and neonatal infections. The etiology in about 30% of
all infants presenting with neonatal cholestasis is biliary atre-
sia [1, 2]. Prompt diagnosis is essential for timely surgical
management because if untreated the disease rapidly pro-
gresses to liver fibrosis and cirrhosis [3—5]. At our center,
intraoperative cholangiogram is the preferred final diagnostic
approach, and a wedge- or needle-liver biopsy is obtained
intraoperatively. Still, a tool to help determine which patients
require surgical exploration is urgently needed.

At present, no single specific noninvasive diagnostic meth-
od can effectively differentiate the causes of cholestasis.

Ultrasonography is usually the first step in the workup of
neonatal cholestasis [6, 7]. To date, several sonographic
criteria (gallblader size, triangular cord sign, splenomegaly,
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hepatic artery—portal vein ratio, hepatic subcapsular flow on
color Doppler) may point to biliary atresia, but none is diag-
nostic [8]. Likewise, routine serum measurements are of lim-
ited sensitivity and specificity [9]. Hepatic fibrosis is the main
complication of atresia, rapidly leading to cirrhosis. The gold
standard detection of fibrosis is by biopsy, an invasive proce-
dure. Noninvasive techniques for measuring liver fibrosis are
poorly developed in children. They include biochemical tests
such as APRI (aspartate transaminase-to-platelet ratio index),
but results are inconclusive and vary widely across studies
[10].

With these points in mind, it is of utmost importance to find
complementary noninvasive methods to evaluate liver stiff-
ness and liver damage, as surrogates for biliary atresia, in
order to hasten the diagnosis of biliary atresia and shorten
the time to intraoperative cholangiogram and Kasai operation,
because prompt management is known to lead to favorable
outcomes [3].

Pediatric studies on liver fibrosis evaluation by ARFI
elastography are rare and mostly involve a mixture of liver
diseases [11, 12]. In the analysis of liver fibrosis in biliary
atresia, one study reported experience with transient
elastography [13], and another very recent study with 11 pa-
tients analyzed shear wave elastography by two ARFI
methods — Virtual Touch Tissue Quantification (VTQ) and
Virtual Touch Imaging Quantification (VTIQ) [14].

Our study assessed the value of US with ARFI
elastography (VTQ) for a rapid diagnosis of liver fibrosis
and for helping to differentiate biliary atresia from other
causes of cholestasis.

Materials and methods

This study was approved by the institutional review board of
our hospital. All patients were either born at our institution or
referred from other centers between January 2011 and May
2014 with clinical suspicion of biliary atresia (acholic stools,
jaundice and hepatomegaly). On admission to our hospital, all
subjects underwent laboratory tests and abdominal US with
liver stiffness measurement by ARFI. Seventeen children also
had a liver biopsy and 13 children underwent intraoperative
cholangiogram.

Ultrasound and ARFI elastography

The studies were all performed on an Acuson® S2000 or
S3000 US machine (Siemens Healthcare, Erlangen, Germany)
with a Virtual Touch Tissue Quantification (VTQ) mode for
acoustic radiation force impulse (ARFI) elastography. ARFI
measures the speed of a shear wave in the examined tissue in
m/s. For abdominal US in babies, we used linear 9-MHz and
14-MHz probes. ARFI measurements with a linear 9-MHz
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probe were performed simultaneously with the abdominal
US. The region of interest was placed in the right liver lobe,
far from a visible vessel or bile duct, with an intercostal or
subcostal approach, according to the best hepatic image
accessibility.

Each child was measured five times and the mean was
calculated. ARFI technique and reference values have been
published [15]. Ultrasound and ARFI measurements were
made by two senior pediatric radiologists (M.A. and S.H.,
each with 4 years of experience with the ARFI technique).

Ultrasound was the first investigation and thus was per-
formed without knowledge of the laboratory results or histol-
ogy. Patients fasted 4-6 h prior to the study. If the gallbladder
was not seen, another US examination was performed after
more than 6 h of fasting.

Based on previously published studies on biliary atresia,
US criteria were systematically recorded: liver size (evaluated
subjectively by the experienced radiologist, SH, 30 years of ex-
perience; MD, 25 years of experience), echostructure of the liver,
biliary tract visibility, and spleen size (pole-to-pole diameter at
the level of the spleen hilus); when the gallbladder was present,
its length was measured; the triangular cord sign was searched
and measured anteriorly, adjacent to the portal vein bifurcation;
the hepatic artery and portal vein diameters were also measured
and the hepatic artery—portal vein ratio was calculated. Other
anatomical abdominal abnormalities were also recorded.

Blood sample analysis

The following laboratory values were obtained on each child
upon admission to the hospital: conjugated bilirubin and total
serum bilirubin, alkaline phosphatase (ALP), alanine amino-
transferase (ALT), aspartate aminotransferase (AST), gamma
glutamyltransferase (GGT), platelet count (103/mm?), pro-
thrombin time/international normalized ratio (PT-INR).

Using these values, the aspartate-aminotransferase-to-
platelet ratio (APRI) index was calculated in 19/20 children
using AST=63 IU/L as the upper limit of normal at our
institution.

Liver biopsy analysis

Surgical or needle core biopsies were routinely fixed in 10%
buffered formalin and were paraffin-embedded. Liver biopsy
evaluation was performed by one senior pathologist (A.-L.R.
20 years of experience in molecular pathology). For routine
histological examination, 3-um-thick sections were stained
with hematoxylin—eosin (H&E), with special stains consisting
of Masson’s trichrome for fibrosis evaluation, reticulin stain
for liver architecture and fibrosis evaluation, and Perl’s blue
for hemosiderin deposition. A minimal biopsy length of
10 mm was required for histological assessment of needle
biopsies. Two scoring systems were used:
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1) METAVIR score. This score has been validated for hep-
atitis C fibrosis staging in adults. It classifies fibrosis in
five stages: FO, no portal fibrosis; F1, portal fibrosis with-
out septa; F2, portal fibrosis with few septa; F3, portal
fibrosis with numerous septa, no cirrhosis; and F4,
cirrhosis.

2) The semiquantitave scoring system (SSS). This score as-
sesses the portal tract fibrosis, number and width of septa,
and also the severity of central vein and perisinusoidal
fibrosis with a range from 0 (normal) to 37 (most severe
fibrosis) [16].

Statistical analysis

Characteristics between biliary atresia and non biliary atresia
groups were compared using the Fisher exact test for categor-
ical variables and the Wilcoxon rank sum test for continuous
variables. To examine whether sonographic parameters pre-
dicted biliary atresia status over and above biological param-
eters, we used multivariable logistic regression with biliary
atresia status as the outcome and GGT as the strongest biolog-
ical predictor, as well as additional ARFI measurement. The
association of biological or US parameters with liver biopsy
scores (METAVIR or SSS) was assessed using Spearman cor-
relation. The use of Spearman correlation was necessary be-
cause biological and US parameters were not normally distrib-
uted. The Spearman correlation computes correlation using
ranks instead of observed values, thus avoiding giving a large
weight to outliers.

Results

Twenty-eight children were admitted to our institution for in-
fantile cholestasis. Eight were excluded because jaundice was
caused by unconjugated hyperbilirubinemia or other benign
conditions, or because of missing data.

Of the 20 remaining children (10 girls), biliary atresia was
confirmed in 10 using intraoperative cholangiogram and liver
biopsy. Mean age at the time of examination (US with acoustic
radiation force impulse [ARFI] elastography) was 52.1+
29.2 days and median was 34 days (Table 1). In biliary atresia
cases, intraoperative cholangiogram by gallbladder puncture
was obtained in four children and contrast injection showed
intrahepatic biliary tract blockage; in six children the gallblad-
der was reduced to a fibrous tissue, which did not allow injec-
tion of contrast media. Six children had type 3 and four chil-
dren had type 2 biliary atresia, according to the biliary atresia
American surgical classification [17]. The children with bili-
ary atresia were treated by surgical hepatoportoenterostomy
(Kasai procedure). Two children had syndromic biliary atresia
(polysplenia, malrotation, median liver, situs inversus, pre-
duodenal portal vein, absent vena cava).

In the non biliary atresia group, the diagnoses were giant
cell hepatitis (n=5), common bile duct stone (n=1),
choledocal cyst (n=1), cystic fibrosis (n=1), Alagille syn-
drome (n=1) and unknown cause (n=1). Outcome was favor-
able in nine children, and one death occurred at 7 months old
(cystic fibrosis) from severe hepatic failure. In the non biliary
atresia group, cholangiography was performed in three chil-
dren with initial clinical suspicion of biliary atresia.

Biological tests and ultrasound findings (Table 2)

Overall, all blood tests were abnormal in both groups, with
significantly higher levels in children with biliary atresia ex-
cept for ALP and PT-INR. This difference was particularly
noticeable for GGT (non biliary atresia, 198.6 Ul/l; biliary
atresia, 535.2 Ul/l; P=0.002).

On sonography the liver was increased in size in all children.
Liver appearance was more often heterogeneous in the biliary
atresia group, including the presence of hyperechoic nodules in
two children. Prominent periportal echogenicity throughout the
liver parenchyma was observed in all biliary atresia cases [18].

Table 1 Patient characteristics

No biliary atresia (n=10) Biliary atresia (n=10) P-value

Gender 1.00

Female 5(50.0) 5 (50.0)

Male 5(50.0) 5(50.0)
Prematurity (<36 weeks) 2 (20.0) 1 (10.0) 1.00
Characteristics at time of study Mean (SD) Mean (SD)
Age (days) 55.5(33.9) 48.8 (25.0) 0.85
Height (z-score) -1.9(2.0) -1.5(2.6) 0.38
Weight (z-score) -1.8(1.3) —1.0 (1.0) 0.19

SD standard deviation
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Table 2 Biological and US data

among children with and without No biliary atresia Biliary atresia P-value

biliary atresi. Values are

expressed as mean (standard Biological measurements

deviation) Total serum bilirubin (umol/1) 111.1 (118.0) 158.7 (36.7) 0.01
Conjugated bilirubin (pmol/l) 60.6 (69.4) 88.6 (21.9) 0.03
AST (U/) 168.7 (247.7) 303.9 (225.1) 0.007
ALT (U/) 140.7 (282.5) 198.8 (236.5) 0.02
GGT (U/) 198.6 (130.4) 535.2 (311.7) 0.002
ALP (U/) 496.3 (376.6) 539.2 (249.7) 0.33
PT-INR 1.6 (1.8) 1.2 (0.2) 0.08
Platelet count (G/1) 510.1 (219.4) 525.0 (241.8) 0.93
APRI 0.6 (0.5) 1.0 (0.5) 0.053

Ultrasound measurements

ARFI velocity (m/s) 1.7 (0.6) 22(04) 0.049
Spleen size (mm) 48.3 (11.2) 54.3 (10.5) 0.17
Gallbladder size (mm) 16.9 (8.6) 9.0 (6.0) 0.02
Hepatic artery/portal vein ratio 0.4 (0.1) 04 (0.1) 0.13
Triangular cord sign positive, n (%) 1.0 (10%) 7 (70%) 0.02

ALP alkaline phosphatase, ALT alanine aminotransferase, APRI aspartate transaminase-to-platelet ratio index,
ARFT acoustic radiation force impulse, 4ST aspartate aminotransferase, GGT gamma glutamyltransferase, H4
hepatic artery, PT-INR prothrombin time/international normalized ratio, PV portal vein, 7C triangular cord

We also sought other US findings suggestive of biliary atre-
sia described in the literature. We identified the pathological
triangular cord sign in 7/10 children with biliary atresia (mean
thickness 4.0 mm; range 2.7-6.6 mm) and once in the non
biliary atresia group (P=0.02). Gallbladder length was signif-
icantly smaller in the biliary atresia group, and no gallbladder
was seen in four children with biliary atresia. In five cases, it
was very small (<13 mm), and in one case it was apparently
normal (24 mm). In the non biliary atresia group, the gallblad-
der was always seen. Spleen size and hepatic artery—portal vein
ratio were not significantly different between the groups
(Table 3). The child with the choledochal cyst had a 2-week
history of jaundice, pale stools and clinical hepatomegaly. Ul-
trasonography showed a normal gallbladder and visibility of
intrahepatic biliary tract. Cholangiography was performed to
rule out biliary atresia and showed a choledochal cyst.

Among US criteria, the triangular cord sign was the best
predictor of biliary atresia when associated with GGT values
(P=0.0406)

Liver biopsy results and correlation with other signs

The degree of liver fibrosis as assessed by the METAVIR
score was variable, mainly in the non biliary atresia
group, in whom the METAVIR scores ranged from FO
(no portal tract fibrosis) to F4 (cirrhosis). In the biliary
atresia group, all infants showed at least an F2 (portal
fibrosis with few septa) degree of fibrosis. The SSS scores
ranged between 0 and 17 in the non biliary atresia group,
and 5 or higher in the biliary atresia group. In the group
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with cholestasis from causes other than biliary atresia, the
child who had high liver fibrosis values had giant cell
hepatitis.

Among the biological markers, ALT, GGT, PT-INR and
APRI were moderately associated with the METAVIR score,
and only the platelet count was correlated with the SSS score
(Table 4).

Spleen size was moderately to strongly correlated with the
METAVIR score (0.72; P=0.001) and the SSS score (0.59;
P=0.02) (Table 4 and Fig. 1).

ARFTI results

In the non biliary atresia group, mean ARFI value was 1.7 m/s
(SD, 0.6; median, 1.41; minimum, 1.12; maximum, 3.09). In
this group there were, however, three cases in whom ARFI
values were >2 m/s (two cases of giant cell hepatitis and one
case of Alagille syndrome). In the biliary atresia group, mean
ARFI value was 2.2 m/s (SD, 0.4; median, 2.07; minimum,
1.57; maximum, 2.94) (Table 3).

The Spearman correlation of ARFI measurements with liv-
er biopsy was significant for both scoring systems: META
VIR, 0.54 (P=0.02) and SSS, 0.71 (P=0.001) (Table 4).

Discussion

Among the causes of neonatal/infantile cholestasis, biliary
atresia is a surgical emergency warranting prompt intervention
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Table 3  Detailed set of US data and fibrosis tests for each child

Biliary Corrected age GGT METAVIR? SSSP Spleen diameter Triangular Hepatic artery/ ARFI velocity
atresia (days) score score (mm) cord (mm) portal vein ratio (m/s)
- 52 160 - - 40 - 0.36 1.66
- 11 134 - - 54 - 0.50 1.34
- 30 158 - - 45 1.5 0.28 1.41
- 61 123 FO 0 43 - 0.41 1.20
- 30 124 FO 0 42 - 0.25 1.12
- 32 452 FO 1 44 - 0.38 2.00
- 18 413 Fl1 1 30 - 0.25 1.57
- 68 153 F3 5 63 - 0.42 1.69
- 60 51 F3 4 66 - 0.51 2.26
- 32 218 F4 17 56 - 0.22 3.09
+ 9 357 F2 5 48 3.7 0.51 1.57
+ 33 319 F2 4 50 3.6 0.3 1.60
+ 63 328 F2 6 60 - 0.58 2.46
+ 49 640 F3 7 PS 2.7 0.56 2.06
+ 68 894 F3 5 65 - 0.44 2.16
+ 19 169 F3 4 PS 6.6 0.45 227
+ 66 267 F4 15 66 44 0.37 1.95
+ 35 619 F4 14 54 - 0.23 2.07
+ 8 594 F4 16 58 39 0.45 2.40
+ 55 1165 F4 16 64 3.1 0.45 2.94

ARFT acoustic radiation force impulse, GGT gamma glutamyltransferase, PS polysplenia

#The METAVIR score classifies histopathological fibrosis in five stages: F0, no portal fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with
few septa; F3, portal fibrosis with numerous septa, no cirrhosis; and F4, cirrhosis

°The semiquantitave scoring system (SSS) assesses the portal tract fibrosis, number and width of septa, and also the severity of central vein and
perisinusoidal fibrosis. The final score is calculated: SSS =CLV+ PS +PT+ 2(NSxWS) and ranges from 0 to 37

to improve prognosis [5]. Liver fibrosis is a severe complica-
tion of biliary atresia and prognosis depends on the degree of
liver fibrosis at the time of Kasai procedure [19].

In our retrospective study of 20 children with suspected
biliary atresia, we evaluated noninvasive methods to improve
the preoperative diagnostic yield of biliary atresia. We focused
on the contribution of noninvasive ultrasound ARFI
elastography to detect liver fibrosis as validated by biopsy
(gold standard) and thus provide an additional criterion for
biliary atresia.

Ultrasound is a first-line investigation tool in neonatal/
infantile cholestasis. US criteria suggesting biliary atresia in
the literature are the following: absent or small gallbladder,
triangular cord sign and hepatic artery—portal vein diameter
ratio [8, 20, 21]. Although some authors describe the role of
hepatic subcaspular flow on color Doppler [22], we did not
record this sign in our study.

Among US findings that correlated with biliary atresia,
we observed that spleen size correlated positively with the
degree of fibrosis (METAVIR and ARFI) in children with
biliary atresia [23]. By contrast, the triangular cord sign or

hepatic artery—portal vein ratio did not correlate with the de-
gree of fibrosis, confirming the findings of Shin et al. [13].

To our knowledge, only two studies have reported the con-
tribution of elastography findings in this disease [13, 14]. Our
purpose was to confirm the reliability of ARFI in the diagnosis
of biliary atresia in neonatal/infantile cholestasis. Indeed, we
have previously shown that the mean ARFT value in the liver
of healthy children is 1.12 m/s (range 0.73—1.45 m/s) [15]. We
have also demonstrated the reliability of ARFI in chronic liver
disease in children, having calculated cut-off values compared
to biopsy results. A cut-off of 1.34 m/s detected 100% of
children with fibrosis stage>F0, and a cut-off of 2.0 m/s pro-
vided a sensitivity of 100% to detect SSS >4 or META
VIR>F2 in a pediatric population [12].

In our present study, we evaluated the contribution of ARFI
elastography in assessing the degree of liver fibrosis in chil-
dren with neonatal/infantile cholestasis based on a correlation
with two histological scoring systems, METAVIR and SSS.
AREFI elastography predicted the presence of biliary atresia
with a mean propagation speed of 1.7+0.6 m/s in non biliary
atresia and 2.2+0.4 m/s in biliary atresia. However, we
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Table 4 Spearman correlation of

biological and US measurements METAVIR* Sss®

with liver biopsy results
Biological measurement Correlation coefficient P-value Correlation coefficient P-value
Total serum bilirubin 0.43 0.06 0.21 0.41
Conjugated bilirubin 0.34 0.14 0.06 0.83
AST 0.44 0.054 0.05 0.84
ALT 0.48 0.03 0.07 0.80
GGT 0.48 0.03 0.47 0.06
ALP 0.11 0.66 0.35 0.16
PT-INR 0.48 0.04 0.32 0.21
Platelet count -0.21 0.40 -0.49 0.049
APRI 0.48 0.04 0.33 0.19
Ultrasound measurement
ARFI 0.54 0.02 0.71 0.001
Spleen size 0.72 0.001 0.59 0.02
Gallbladder size -0.31 0.19 -0.21 0.42
Hepatic artery/portal vein ratio 0.03 0.90 0.11 0.67
Triangular cord sign positive 0.30 0.22 0.37 0.15

ALP alkaline phosphatase, ALT alanine aminotransferase, APRI aspartate transaminase-to-platelet ratio index,
ARFT acoustic radiation force impulse, AST aspartate aminotransferase, GGT gamma glutamyltransferase, P7-
INR prothrombin time/international normalized ratio

? The METAVIR score classifies histopathological fibrosis in five stages: F0, no portal fibrosis; F1, portal fibrosis
without septa; F2, portal fibrosis with few septa; F3, portal fibrosis with numerous septa, no cirrhosis; and F4, cirthosis

® The semiquantitave scoring system (SSS) assesses the portal tract fibrosis, number and width of septa, and also
the severity of central vein and perisinusoidal fibrosis. The final score is calculated: SSS =CLV+ PS +PT+
2(NSxWS) and ranges from 0 to 37

observed a slight overlap between the groups. Our results,
with a larger number of patients, agree with the conclu-
sions by Leschied et al. [14] that ARFI may help in the
noninvasive differentiation of biliary atresia from other
causes of neonatal/infantile cholestasis [14]. However
we report three infants without biliary atresia who also
presented pathological ARFI values. Larger studies are
therefore needed in this domain.

Because liver fibrosis in biliary atresia is progressive, we
may ask the question of the age at which it is detectable by
ARFI, especially in neonates. In our study, both groups of
patients had similar mean ages (39.4 days and 40.5 days).

Among them, an 8-day-old with biliary atresia had significant
fibrosis on biopsy, with elevated ARFI values (2.4 m/s), and a
second neonate, age 9 days, had an ARFI value of 1.57 m/s.
AREFTI values may already be pathological early in life, like in
our two cases, as soon as the child is suspected of having
biliary atresia, but this must be confirmed with a larger series.
We must, however, bare in mind that this may not always be
the case because liver fibrosis in biliary atresia is progressive
in the first weeks of life.

In our series biological parameters were very good predic-
tors of biliary atresia status, the assay of GGT serum levels
being the best predictor [9]. GGT is usually high in biliary

Fig. 1 ARFI velocities by o | o
METAVIR (histopathological o <
fibrosis) score for non biliary
atresia (non BA) and biliary _ < A ° &
atresia (BA). F0 no portal é’ o o
fibrosis, F1 portal fibrosis without = b °
L T 2 o
septa, F2 portal fibrosis with few o o
S <
septa, F'3 portal fibrosis with ° o
numerous septa, F4 cirrhosis, o ° 8
ARFI acoustic radiation force 8
impulse 3
T T T T T T T T T T T
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atresia, although the level varies with age, as explained by
Rendoén-Macias et al. [24].

US parameters were better predictors of biliary atresia sta-
tus. Only the triangular cord sign remained informative of
biliary atresia status when controlling for GGT levels. ARFI
elastography was a noninvasive method to detect liver fibro-
sis. In particular, spleen size together with ARFI elastography
were correlated with METAVIR and SSS scores.

It is interesting to note that in our series of 10 children with
biliary atresia, 4 had pathological ARFI values without the
triangular cord sign or with a normal gallbladder. This sug-
gests the hypothesis that elastography may contribute to the
diagnosis of biliary atresia by identifying liver fibrosis.

The main limitation of our study is the small sample size;
biliary atresia is relatively rare and we only selected infants
with ARFI measurements, a technique used at our institution
since 2010. Because every medical center has few cases of
biliary atresia, it would be interesting to gather more data in a
multicenter study.

Conclusion

It is a challenging and fundamental question to distinguish
biliary atresia from other causes of cholestasis in the
neonatal/infantile population because surgical intervention is
essential before the age of 3 months in order to improve prog-
nosis. The first investigation of neonatal/infantile cholestasis
should combine abdominal US with liver elastography to pro-
vide information on liver fibrosis. The present study demon-
strates that ARFI elastography is a reliable complementary US
technique to diagnose biliary atresia in infants presenting with
cholestasis.
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