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Abstract

Purpose: To evaluate the diagnostic performance of Ultrasonography (US) in the identification
and exclusion of biliary atresia with a modified triangular cord thickness metric together with a
gallbladder classification scheme, as well as Hepatic Artery (HA) diameter and liver and spleen size,
ina sample of jaundiced infants.

Materials and Methods: The ethics committee approved this study, and written informed parental
consent was obtained. In 273 infants with conjugated hyperbilirubinemia (total bilirubin level 31.2
mmol/L, with direct bilirubin level. indirect bilirubin level), detailed abdominal US was performed
to exclude biliary atresia. Biliary atresia was found in 129 infants and ruled out in 144. A modified
triangular cord thickness was measured at the anterior branch of the right portal vein, and a
gallbladder classification scheme was identified that incorporated the appearance of the gallbladder
and a gallbladder length-to-width ratio of up to 5.2 when the lumen was visualized, as well as HA
diameter and liver and spleen size. Reference standard diagnosis was based on results of one or
more of the following: surgery, liver biopsy, cholangiography, and clinical follow-up. Area under
the receiver operating characteristic curve (AUC) analysis, binary logistic regression analysis, Fisher
exact test, and unpaired t-test were performed.

Results: Triangular cord thickness, HA diameter, ratio of gallbladder length to gallbladder width,
liver size, and spleen size exhibited statistically significant differences (all P, 0.05) between the group
with biliary atresia and the group with-out. AUCs of triangular cord thickness, ratio of gallbladder
length to width, and HA diameters were 0.952, 0.844, and 0.838, respectively. Logistic regression
analysis demonstrated that these three US parameters were significantly associated (all P, .05) with
biliary atresia. The combination of triangular cord thickness and gallbladder classification could
yield comparable AUCs (0.915 vs 0.933, P=.400) and a higher sensitivity (96.9% vs 92.2%), compared
with triangular cord thickness alone.

Conclusion: By using the combination of modified triangular cord thickness and gallbladder
classification scheme, most infants with biliary atresia could be identified.

Introduction

Biliary atresia is characterized by luminal obstruction of the extra-hepatic bile duct with a
fibrous ductal remnant, which represents the obliterated ductal remnant in the porta hepatis at
surgery [1,2]. If infants with biliary atresia are left untreated, progressive liver cirrhosis leads to
death by 2 years of age [3]. Many other causes for neonatal jaundice exist that, unlike biliary atresia,
can be relieved with medication or phototherapy. Hence, it is important to rule out biliary atresia
among infants with jaundice.

Numerous ultrasonographic (US) features have been used in the diagnosis of biliary atresia
[4-18]. Abnormalities in the shape and the wall of the gallbladder are useful US features in a biliary
atresia diagnosis [7-9,11], but accurately identifying abnormal gallbladders remains a subjective
task.

Further, advances in US imaging have shown that partially filled gallbladders can be reliably
imaged among infants with conjugated hyperbilirubinemia, in cases such as gallbladders without
visible lumen, gallbladders with incompletely filled lumen, and even absent gallbladders [7]. These
situations complicate the identification of abnormal gallbladders.
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The triangular cord sign, which is thought to reflect the
obliterated fibrous ductal remnant, has been described as both
sensitive and specific in the diagnosis of biliary atresia [4,5,10,11,18].
However, other authors have reported that the triangular cord sign
is not sensitive [13,14,16,17,19-21]. Moreover, the visualization and
measurement of triangular cord has varied among different studies
[4,10-12,14,16,19,22], and in patients with early-stage biliary atresia,
the triangular cord sign is obscured [23].

Other US features, such as enlargement of the Hepatic Artery
(HA) diameter [15] and enlargement of the liver and spleen, are also
helpful in biliary atresia diagnosis. However, the correct weighting
among these features remains unknown. In addition, investigators in
most published studies have used relatively small sample sizes, which
potentially contribute to their varied results.

A better US method for differentiating patients with biliary
atresia from those without could reduce or even eliminate the need
for nuclear scintigraphy or biopsy.

The purpose of our study was to evaluate the diagnostic
performance of US in the identification and exclusion of biliary
atresia by using a modified triangular cord thickness metric together
with a gallbladder classification scheme, as well as HA diameter and
liver and spleen size, in a large sample of jaundiced infants.

Materials and Methods

Patients

This study was approved by our institutional Clinical Research
Ethics Committee, and written informed parental consent was
obtained.

Between August 2017 and November 2019, a total of 453
consecutive infants with conjugated hyperbiliru-binemia of unknown
cause were prospectively evaluated. A conjugated hyperbilirubinemia
was defined as a total bilirubin level of at least 31.2 mmol/L, with
direct bilirubin level higher than that of indirect bilirubin level (the
normal range of total bilirubin and direct bilirubin in our institution
was 3.0-22.0 mmol/L and 0.5-7.0 mmol/L, respectively). Forty-three

453 infants with
conjugated hyperbilirubinemia

v

Detailed US scan

180 infants were excluded:
43: with a portal cyst
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Figure 1: Flow diagram of the inclusion criteria for patients.
10C = Inter-Operative Cholangiography

infants with a choledochal cyst and 29 infants older than 5 months
were excluded. Another 108 infants lost during follow-up were also
excluded. All infants underwent a series of investigations to establish
the diagnosis. Among the 129 infants with biliary atresia, the
diagnoses were confirmed by means of Kasai surgery and subsequent
histologic examination (n=80), intraoperative cholangiography with
laparoscopy (n=42), or liver biopsy (n=7). Among these 129 infants
with biliary atresia, four infants had situs inversus. Another two had
features of biliary atresia splenic malformation syndrome. Among the
144 infants without biliary atresia, cholescintigraphy showed that 108
of them had intestinal excretion. Their jaundice completely resolved
during a follow-up period of 2 weeks to 12 months. Another 36
infants underwent intraoperative cholangiography with laparoscopy
to confirm the presence of a patent bile duct. In eight of 36 infants, the
jaundice did not resolve with medical therapy. Thus, diagnostic liver
biopsies were performed (five had non-syndromic biliary hypoplasia,
and three had progressive familial intra-hepatic cholestasis) (Figure

1).

2

Figure 2: Images of varied types of gallbladder according to the gallbladder classification. (a) Type Il gallbladder (calipers) with thickened wall and hyperechogenic
mucosa. (b) Type Il gallbladder (arrows) with a part of the mucosa (arrowheads) in close proximity. (c) Type Il gallbladder with mucosa (arrows) in close proximity
in the middle of the gallbladder in a infant without biliary atresia. (d) Type Il gallbladder with a lumen (arrows) length of 1.2 cm in infant with biliary atresia and (e)
Type IV gallbladder with a lumen length of 3.1 cm in a infant without biliary atresia.
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Figure 3: Longitudinal US images of fibrotic cord thickness at the anterior branch of the right PV (RPV). (a) Normal fibrotic cord (arrows) thickness of 1.2 mm in
a infant with neonatal hepatitis. Hisjaundice completely resolved with medication and (b) Fibrotic cord (arrows) thickness of 2.5 mm in infant with biliary atresia.

level of main PV.

Figure 4: Measurement of HA and PV diameter. (a) The diameter of the HA lumen was measured and (b) The diameter of the PV lumen was measured at the

US imaging

All infants underwent a detailed abdominal US examination
performed by one operator with more than 3 years of experience
with pediatric US and who was blinded to the results of other
investigations, such as cholescintigraphy and liver function testing.
The US equipment used was a voluson E8 that incorporated a 3.5-
MH?z curvilinear transducer and a 12-MHz linear array transducer,
Infants were not fed for at least 4 hours. First, high-frequency
transducers (0.10MHz) were used to detect gallbladders.

Gallbladders were classified into four types (Figure 2): type
I, gallbladder not detected; type II, gallbladder detected without
lumen, but smooth and complete hyperechogenic mucosal lining
was visualized and the wall was uniformly thickened, or the lumen
was incompletely filled with smooth and complete hyperechogenic
mucosal lining with the walls in part in close approximation [7];
type III, gallbladder detected with a fully filled lumen and lumen
length equal or less than 1.5 cm without wall thickening; or type IV,
gallbladder detected with fully filled lumen and lumen length more
than 1.5 cm without wall thickening. If a gallbladder was detected, the
section with maximum length was visualized to make classifications.

When the gallbladder wall was seen as a hypoechogenic layer
between two hyperechogenic linings, it was considered thickened
[9,24]. For type IV, the maximum lumen length and maximum width
from inner wall to inner wall were measured, and the length-to-width
ratio was calculated. We defined a positive gallbladder classification
after retrospective analysis of our data as those types that could be
used to predict biliary atresia (type I and type III and those with
type IV with gallbladder length-to-width ratio of more than 5.2). A
negative gallbladder classification was those types that could be used
to predict absence of biliary atresia (type II and type IV gallbladders

with length-to-width ratios of up to 5.2). After the gallbladder
examination was finished, the patients were allowed to feed, and the
triangular cord thickness and HA and Portal Vein (PV) diameters
were assessed.

Triangular cord thickness was defined as the thickness of the
echogenic anterior wall of the anterior branch of the right PV just
distal to the right PV on a longitudinal image (Figure 3), without
including the right HA, as modified from Lee et al [12]. Color Doppler
flow imaging was used to help identify the right HA. Those less than
1 mm thick were arbitrarily assigned a thickness of 1 mm [12]. Only
the thickness of the triangular cord was measured; the length was not
recorded.

This triangular cord thickness, which we believed was formed
by surrounding fibrosis caused by extra-hepatic biliary atresia,
might be a more sensitive and earlier finding in infants with biliary
atresia. Thus, we named this modified triangular cord thickness
fibrotic cord thickness. The diameter of the HA and PV lumens was
measured at the level of the main HA and main PV, respectively
(Figure 4). Measurement was made from inner wall to inner wall
and perpendicular to the wall. Fibrotic cord thickness, HA and PV
diameter, and gallbladder length and width were measured at least
twice, and the largest measurement was used for data analysis.

Finally, the oblique diameter of the right lobe of the liver and the
splenic length were measured with curvilinear transducers (Figure 5).

Tests of reproducibility

Reproducibility and degree of agreement of identification and
measurements for fibrotic cord thickness, gallbladder classification,
HA diameter, and PV diameter were compared in 24 randomly
selected infants (13 without biliary atresia and 11 with biliary atresia)

ScienceForecast Publications LLC., | https://scienceforecastoa.com/

2020 | Volume 1 | Edition 1 | Article 1004



Nagesh M SF Journal of Pulmonology and Respiration Care

a. b.

Figure 5: Measurement of the liver and spleen. (a) The oblique diameter of the right lobe of the liver and (b) Splenic length was measured (calipers) in the
longitudinal coronal plane.
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Figure 6: (a) Graph shows fibrotic cord thickness in patients with and those without Biliary Atresia (BA). Mean Fibrotic Cord (FC) thickness (3.4 mm 6 1.1 vs 1.5
mm 6 0.5, respectively, horizontal solid lines) was significantly thicker in infants with biliary atresia (P, 001), with an optimal cut-off value (dotted line) of 2.2 mm.
(b) Graph shows gallbladder length-to-width ratio in 118 infants with gallbladder length of more than 1.5 cm. Mean gallbladder length-to-width ratio(6.5 6 2.1 vs 4.3
6 1.1, horizontal solid lines) was significantly higher in infants with biliary atresia (P, 001). Dotted line indicates the optimal cut-off value of 5.2.

each of these 24 infants was independently scanned by each operator.  spleen size, PV and HA diameters, and clinical characteristics were
Three measurements of each parameter were obtained by each  compared between the group with biliary atresia and the group

operator. without.
To determine inter-observer variability, the mean values of each Receiver operating characteristic curves were constructed to
parameter were compared between operators. assess which US parameter (liver size, spleen size, PV diameter, HA

diameter, fibrotic cord thickness, or gallbladder length-to-width
ratio) yielded the most accurate biliary atresia diagnosis. The optimal

Each type IV gallbladder was also reviewed in consensus by .y off points for the prediction of biliary atresia were identified from
two radiologists both of whom were blinded to all infant data other ., highest Youden index (rounded to the nearest millimeter). The
than the maximum length section of the US gallbladder image, to diagnostic performance of gallbladder length-to-width ratio and the
determine if the shape or wall was normal or abnormal. A normal gallbladder abnormality metric in determining biliary atresia among
gallbladder was defined as one with globular or ovoid shape and type IV gallbladders were compared. The sensitivity, specificity,
without wall abnormalities. An abnormal gallbladder was defined as positive predictive value, negative predictive value, and accuracy of
one with an abnormal wall and an irregularly compromised lumen statistically significant parameters in the diagnosis of biliary atresia
[7.9,11,14]. The abnormal wall features included irregularity of the were calculated. Additionally, binary logistic regression analysis with
wall and thinner wall without mucosa. a stepwise method for selection of significant variables was performed
Statistical analysis to determine independent parameters for biliary atresia from the
parameters that showed statistical significance in the univariate

Image analysis of the gallbladder abnormality metric

The X? test was used to compare categorical variables. Continuous

variables were first tested for normality by using a Kolmogorov- analysis.
Smirnov test. An unpaired t test was used to compare normally To assess inter-observer error, intra-class correlation coefficients
distributed continuous variables. were used, and 95% confidence intervals were calculated. Intra-class

Gallbladder dassifications. fibrotic cord thickness. liver size.  correlation coefficients higher than 0.75 indicated excellent reliability.
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Table 1: Patient characteristics at the time of USG examination. Table 3: Gallbladder classifications in 273 infants with conjugated
. Infants with biliary | Infants without biliary P hyperbilirubinemia.
Characteristics . ;
atresia atresia Value . Infants
Infants with .
Patient ratio 68+/-20 64+/-25 0.161 Biliary without
Gallbladder Classification h Biliary P Value
Male to female ratio 78 105 0.2 g‘\”izg’; Atresia
e . n= _
Total bilirubin level 1835 174+/-93 0.34 (n=144)
(El;'m()lt”f;)'r b Type | 24 (18.6) 0 0.001
irect bilirubin
(umol/L) 132+/-42 124+/-62 0.21 Type Il 8(6.2) 62 (43.0)
SGOT (U/L) 164=/-115 146+/-168 0.31 Type lll 58 (45.0) 3(2.1)
SGPT (U/L) 248+/-141 278+/-374 0.27 Type IV 39 (30.2) 79 (54.9)
Table 2: Interobserver variation among infants. Length-to-width ratio >. 5.2 30 12 0.001
Parameter Intra-class Correlation Coefficient Length-to-width ratio < 5.2 9 67
Fibrotic cord thickness 0.94 (0.92, 0.96) Abnormal findings of gallbladder 33 14
assessment
PV diameter 0.97 (0.96, 0.98) Normal findings of gallbladder 6 65
HA di 1 0.95 (0.93, 0.96 assessment
fameter 95 (0.93, 0.96) Positive total classification 112 15
Gallbladder classification (type -1V 1.0
allbladder classification (type ) Negative total classification 17 129

Gallbladder length-to-width ratio* 0.98 (0.96, 0.99)

Statistically significant differences were defined as those with P
values less than 0.05, and analyses were performed with statistical
software (SPSS).

Results

Clinical characteristics

Clinical characteristics between the group with biliary atresia and
that without showed no significant difference in age, total bilirubin
level, direct bilirubin level, alanine aminotransferase level, or
aspartate aminotransferase level but did show a difference in patient
sex (P=0.029) (Table 1).

Reproducibility of US imaging
The intra-class correlation coefficient for the three operators in
the measurement of fibrotic cord thickness, PV diameter, and HA

diameter ranged from 0.94 to 0.98, and the 95% confidence interval
ranged from 0.71 to 0.99 (Table 2).

Gallbladders of type I in two patients, type IL in three patients, type
III in seven patients, and type IV in 12 patients were independently
classified by each of the operators in exactly the same manner (Table
2).

Gallbladder classification

The number of infants with type I or type III gallbladders was
higher in the biliary atresia group than in the group without, while the
number of infants with type II or type IV gallbladders was smaller in
the biliary atresia group than in the group without (P, 0.001, Table 3).

Fibrotic cord thickness

The fibrotic cord thickness in infants with biliary atresia (mean 6
standard deviation, 3.4 mm 61.1) was significantly higher than that
in infants without biliary atresia (1.5 mm 60.5) (P, 0.001) (Table 4,
Figure 6).

Other measurable US parameters

HA diameter in infants with biliary atresia (2.1 mm 60.4) was
significantly higher than that in infants without biliary atresia (1.6
mm 60.3) (P, 0.001).

Liver size and spleen size in infants with biliary atresia were
significantly higher than those in infants without biliary atresia,

respectively (both P, 0.001). For infants with type IV gallbladders
(n=118), the gallbladder length-to-width ratio was significantly
smaller in the group without biliary atresia (4.3 +/- 1.1, n=39) than
in the biliary atresia group (6.5, 62.1, n=79) (P, 0.001) (Figure 6). The
PV diameter between the two groups was not significantly different
(P=0.851) (Table 4).

AUC, binary logistic regression analysis of fibrotic cord
thickness and gallbladder classification, and other US
parameters

Areas under the receiver operating characteristic curve (AUCs)
and the optimal cutoff for each measurable parameter in the
identification of biliary atresia are listed in Table 4. The AUCs of
fibrotic cord thickness, HA diameter, and type IV gallbladder length-
to-width ratio were higher than 0.8. Therefore, type II and type IV
gallbladders with a length-to-width ratio of up to 5.2 were regarded
as negative gall-bladder classification, and type I, type III, and type
IV gallbladders with a length-to-width ratio of more than 5.2 were
regarded as positive gallbladder classification. In addition, the optimal
cutoff value for fibrotic cord was determined as more than 2 mm.

Binary logistic regression analysis demonstrated that liver size
and spleen size were not significantly associated with biliary atresia,
whereas fibrotic cord thickness, HA diameter, and gallbladder
classification were significantly associated (all P, 0.05) with biliary
atresia (Table 5).

Diagnostic performance of US parameters

By using solely the optimal gallbladder length-to-width cutoff to
diagnose biliary atresia in 118 infants with type IV gall bladders, the
sensitivity, specificity, negative predictive value, positive predictive
value, and accuracy were 76.9% (30 of 39 patients), 84.8% (67 of 79
patients), 88.2% (67 of 76 patients), 71.4% (30 of 42 patients), and
82.2% (97 of 118 patients), respectively. The gallbladder abnormality
metric performed comparably, yielding 84.6% (33 of 39 patients),
82.3% (65 of 79 patients), 91.5% (65 of 71 patients), 70.2% (33 of
47 patients), and 83.0% (98 of 118 patients) (P=0.864), respectively
(Tables 6 and 7).

Discordance between fibrotic cord thickness and
gallbladder classification

Discordance between fibrotic cord thickness and gallbladder

ScienceForecast Publications LLC., | https://scienceforecastoa.com/

2020 | Volume 1 | Edition 1 | Article 1004



Nagesh M

SF Journal of Pulmonology and Respiration Care

Table 4: Diagnostic performance of different US parameters in 273 infants with conjugated hyperbilirubinemia.

e Sy NS evae | a0
Fibrotic cord thickness (mm) 3.4+/-1.1 (1-7.2) 1.5+/-0.5 (1-4.4) <0.001 0.952 2.2
PV diameter (mm) 4.2+/-0.6 (2.7-5.8) 4.2+/-0.7 (2.5-7) 0.8 0.495 NA
HA diameter (mm) 2.1+/-0.4 (1-3.5) 1.6+/-0.3 (1-2.7) 0.001 0.838 1.9
Liver size (mm) 70.9+/-9 (50.0-93) 64.4+/-8.3 (39-90) <0.001 0.699 67
Spleen size (mm) 64.2+/-13.9 (10.7-112) 56.5+/-11.1 (37-92.5) <0.001 0.675 -
Type IV gallbladder
No. of patients 39 79 - - -
Length (mm) 22+/-5.7 (15.1-46.0) 26.9+/-5.8 (15.2-41.0) <0.001 0.276 NA
Width (mm) 3.8+/-1.4 (2.0-8.0) 6.6+/-2.3 (2.3-16.0) <0.001 0.122 NA
Length-to-width ratio 6.5+/-2.1 (2.1-11.6) 4.3+/-1.1 (2.1-8.5) <0.001 0.844 5.2
Gallbladder abnormality assessment NA NA NA 0.834 NA

Table 5: Results of logistic regression B analysis for selected US parameters in
the diagnosis of biliary atresia.

Parameter Odds Ratio 95% Confidence Interval
Fibrotic cord 73.3 20.3, 264.9
Gallbladder classification 16.6 5.2,53.1
HA 4.3 1.2,15.1
Liver size 1.4 04,48
Spleen size 0.6 02,21

Table 6: Comparison of diagnostic Performance between the gallbladder
classification scheme and the gallbladder abnormality assessment in the
determination of biliary atresia among 118 infants with gallbladder length of more
than 1.5 cm.

Positive Predictive Negative Predictive
Value (%) Value (%)
Gallbladder classification 84 76
scheme
Gallbladder abnormality 82 84
assessment

classification was found in 13.6% (37 of 273) of the infants. Among
19 infants with fibrotic cord thicker than 2 mm and gallbladder
classification negative, there was biliary atresia in 13 (including six
of eight infants with biliary atresia with type II gallbladder) and no
atresia in six. In contrast, among 18 infants with fibrotic cord of up
to 2 mm and positive gallbladder classification, biliary atresia was
diagnosed in six and excluded in 12.

Discussion

In this study, we demonstrated that a modified triangular cord
thickness parameter has the highest diagnostic accuracy among all US
parameters in the diagnosis of biliary atresia, followed by gallbladder

classification. HA enlargement is only a supportive US feature in the
diagnosis of biliary atresia, as is enlargement of the liver and spleen.

Adding HA enlargement to our modified triangular cord
thickness and gallbladder classification did not improve the accuracy.
These findings are important because infants with conjugated
hyperbilirubinemia may receive accurate diagnoses and receive
appropriate management in the early stage of their disease, potentially
without the need for further nuclear scintigraphy.

Gallbladders are a critical point for identifying biliary atresia. An
absent gallbladder or a gallbladder with length of up to 1.5 cm has
a sensitivity ranging from 68% to 100% in the diagnosis of biliary
atresia [6,7,9,14]. An abnormal gallbladder has a diagnostic accuracy
of 91.9%-95.6% [9,14]. In our study, an absent gallbladder and
a gallbladder up to 1.5 cm had a positive predictive value of 100%
(24 of 24 patients) and 95.1% (58 of 61 patients), respectively, in the
diagnosis of biliary atresia, which is comparable or superior to that in
several previous studies [9,11,14,16,19].

Although other investigators [6,10,14] have mentioned that an
absent gallbladder can also occur in those without biliary atresia,
in our study, no false-negative cases were encountered. The main
reason is likely that the newer US scanning technology with higher
frequency probes in recent years likely prevents gallbladders without
lumens from being missed. Kendrick et al., [13] also reported that the
gallbladder in three of 20 babies with biliary atresia was “absent” with
the ATL 3000 scanner but was seen when scanning with a different
machine. Additionally, we found that 39 of 118 infants (33.0%) with
gallbladder length of more than 1.5 cm were in the biliary atresia
group, indicating that gallbladder length of more than 1.5 cm was
ineffective when excluding biliary atresia [14].

Table 7: Diagnostic performance of fibrotic cord thickness, HA diameter & GB classification in determination of biliary atresia.

- e s Positive predictive Negative predictive
0, 0, 0,

Parameter Sensitivity (%) | Specificity (%) value (%) value (%) Accuracy (%) =P Value
Fibrotic cord thickness >2mm 92 94 95 92 94 0.4
GB classification 86 90 88 88 88 0.5
HA >1.9mm 72 86 83 77 80 <0.001
FIbI‘OFI.C cgrd thickness >2mm with GB 96 86 86 96 91 0.400
classification
Fibrotic cord thickness >2mmwith HA >1.9mm 93 81 82 93 87 0.002
GB classification with HA >1.9mm 93 77 78 92 85 0.002
Fibrotic cord thickness >2mm with GB
classification & HA >1.9mm 9% 4 " 9% 85 <0.001
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To avoid subjectivity in evaluating gallbladders, we analyzed the
ratio of gallbladder length to gallbladder width. The outcomes showed
that the diagnostic performance was good. With an optimal cutoft
value of 5.2, the diagnostic performance was comparable to that of the
subjective grading of the gallbladder abnormality metric.

Few investigators have mentioned the importance of gallbladders
without a lumen or gallbladders with an incompletely filled lumen
in the diagnosis of biliary atresia. Some authors [11,22] considered
that a gallbladder without a lumen was a sign of biliary atresia.
However, Farrant et al., [7,9] found that only 18.3%-20.6% of empty
gallbladders were in patients with biliary atresia. In our study, infants
with type II gallbladders were more likely to not have biliary atresia,
with a positive predictive value of 88.6% (62 of 70 patients). This
finding indicated that an empty or incompletely filled gallbladder is
associated with a patent bile duct at the porta hepatis. If the bile duct
is completely obstructed at the porta hepatis, bile in the gallbladder
does not flow out, even if the gallbladder contracts. Consequently, the
gallbladder is fully filled and, over time, the gallbladder wall becomes
irregular. Conversely, an empty gallbladder or an incompletely filled
gallbladder with thickened walls indicates that the bile in the gall-
bladder can come and go. In our clinical practice, the fully filled
gallbladder of most infants without biliary atresia would become
empty or incompletely filled, which was similar to gallbladders of type
IT after feeding for 1 to 3 hours.

Inspissated bile obstructing the bile duct might be one reason that
the gall-bladders in infants without biliary atresia are not fully filled
after fasting for at least 4 hours. Thus, we thought that infants with
type II gallbladders were less likely to have biliary atresia. However,
there were false-negative cases in our study (eight of 70 patients). For
these cases, including fibrotic cord thickness measurement would
potentially reduce misdiagnosis.

The triangular cord sign has a high specificity of 89%-100%
[4,10-14,16-18,21,22] in the diagnosis of biliary atresia. However,
the sensitivity has varied, ranging from 23.3% to 100% [4,10-14,16-
18,21,22]. One difference among the various studies has been the
location of the triangular cord sign.

The triangular cord sign was located in the vicinity of the PV
[4] or right PV [12,15,16] or the bifurcation of the PV [10,11,14,25].
Another reason is that the standard for a positive triangular cord was
different among the different studies. Lee et al., [12] considered that
a positive triangular cord thickness, which could contain right HA,
should be more than 4 mm. Kanegawa et al.,, [11] and Park et al.,
[6] mentioned that a thickness of 3 mm or more defined a positive
triangular cord. Several other investigators did not mention how
much thickness indicated a positive triangular cord finding [10,14,18].

Anatomically, triangular cord has been regarded as the fibrotic
remnant of the obliterated cord with surrounding fibrosis in the
periportal connective tissue [10], because the fibrotic remnants of the
bile duct alone could not explain the whole triangular cord.

Choi et al, mentioned that a triangular cord might not be
detected with US at an early stage in mild cases [4], and it may be
more apparent as the disease develops. In addition, triangular cord
can be re-identified in postoperative infants with biliary atresia
with progressive jaundice because patients might continue to have
ongoing fibrosis after a Kasai procedure [10,26]. Thus, a positive
triangular cord sign with a thickness of at least 3-4 mm, as mentioned
in previous studies, might be missed in many infants in early-stage

biliary atresia.

In our study, fibrotic cord was defined as the thickness of the
echogenic anterior wall of the anterior branch of the right PV
just distal to the right PV, without including the right HA. Unlike
those triangular cord signs that are located anterior to or near to
the bifurcation of the PV, which might be influenced by periportal
connective tissue, our fibrotic cord thickness is located at the
beginning of the intra-hepatic bile duct and does not contain extra-
hepatic duct remnants or right HA. Thus, our fibrotic cord might be
more sensitive in terms of reflecting the surrounding fibrosis caused
by extra-hepatic biliary atresia.

The fibrotic cord location we defined is similar to that of triangular
cord defined by Lee et al., [12,16]. However, their optimal triangular
cord thickness cutoff value was set by means of estimation. Our cutoff
value was obtained by means of measurement. Although our optimal
cutoff value is 2.2 mm, owing to the fact that US is not sufficiently
sensitive to be able to measure 0.2 mm accurately, we suggest that
a fibrotic cord thickness more than 2 mm should be considered a
positive finding.

It should be emphasized that the fibrotic cord sign should not
outweigh gallbladder classification in the diagnosis of biliary atresia
[6]. Abnormal gallbladder classification might directly reflect an
abnormality of the biliary system, especially when fibrotic cord
thickness is negative.

Therefore, for infants with conjugated hyper-bilirubinemia, if
either of the two US features is positive at US, biliary atresia should be
suspected and further tests, such as inter-operative cholangiography
with laparoscopy or biopsy, should be scheduled.

Our study had limitations. Although we conducted tests of
reproducibility, most patients were scanned by one operator. This
might have biased our results. Further, the thresholds for abnormality
were set in the population from our single institution, and this might
have led to overestimation of the diagnostic performance. Thus, our
findings need to be validated in independent populations by other
investigators.

In conclusion, with our modified triangular cord thickness
parameter and more objective gallbladder classification, most infants
with biliary atresia could be identified among infants with conjugated
hyperbilirubinemia. However, it is still impractical to achieve 100%
accuracy with US examination alone.

For those with negative US findings for both features, if the
jaundice continues, further confirmatory investigation is needed to
establish the cause of the conjugated hyperbilirubinemia.
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