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Objective: To evaluate the feasibility of ultrasound shear wave elastography (SWE) for predicting hepatic fibrosis and
native liver outcomes in patients with biliary atresia.

Materials and Methods: This prospective study included 33 consecutive patients with biliary atresia (median age, 8 weeks
[interquartile range, 6-10 weeks]; male:female ratio, 15:18) from Severance Children’s Hospital between May 2019 and
February 2022. Preoperative (within 1 week from surgery) and immediate postoperative (on postoperative days [PODs] 3, 5,
and 7) ultrasonographic findings were obtained and analyzed, including the SWE of the liver and spleen. Hepatic fibrosis,
according to the METAVIR score at the time of Kasai portoenterostomy and native liver outcomes during postsurgical follow-up,
were compared and correlated with imaging and laboratory findings. Poor outcomes were defined as intractable cholangitis or
liver transplantation. The diagnostic performance of SWE in predicting METAVIR F3-F4 and poor hepatic outcomes was analyzed
using receiver operating characteristic (ROC) analyses.

Results: All patients were analyzed without exclusion. Perioperative advanced hepatic fibrosis (F3-F4) was associated with
older age and higher preoperative direct bilirubin and SWE values in the liver and spleen. Preoperative liver SWE showed a
ROC area of 0.806 and 63.6% (7/11) sensitivity and 86.4% (19/22) specificity at a cutoff of 17.5 kPa for diagnosing F3-F4.
The poor outcome group included five patients with intractable cholangitis and three undergoing liver transplantation who
showed high postoperative liver SWE values. Liver SWE on PODs 3-7 showed ROC areas of 0.783-0.891 for predicting poor
outcomes, and a cutoff value of 10.3 kPa for SWE on POD 3 had 100% (8/8) sensitivity and 73.9% (17/23) specificity.
Conclusion: Preoperative liver SWE can predict advanced hepatic fibrosis, and immediate postoperative liver SWE can predict
poor native liver outcomes in patients with biliary atresia.
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INTRODUCTION

Biliary atresia is a rare but severe fibroinflammatory
disease of the bile duct. Even with Kasai portoenterostomy
(KPE), which is available as a treatment option for the long-
term survival of the native liver, biliary atresia can progress
to liver cirrhosis and is the most common indicator of
pediatric liver transplantation. Therefore, early diagnosis,
proper management, and regular follow-up with appropriate
monitoring are crucial for the treatment of this rare disease.

Ultrasonography is the primary imaging modality used to
evaluate neonatal cholestasis, including biliary atresia. Well-
known imaging findings of biliary atresia include triangular
cord sign, abnormal gallbladder morphology, non-visualization
of the common bile duct, presence of hepatic subcapsular flow,
presence of microcysts or macrocysts near the porta hepatis,
and increased hepatic artery diameter [1-3]. However,
ultrasonography may not show extrahepatic bile ducts well
in normal newborns, and some extrahepatic bile ducts may
be visible depending on the subtype of biliary atresia [4].
After KPE, follow-up imaging studies are performed to track
the progression of hepatic fibrosis and the development of
complications such as cholangitis.

Recent advances in ultrasound-based technology,
especially shear wave elastography (SWE), have provided a
noninvasive and easy-to-use approach for measuring liver
stiffness. A few small cohort studies have assessed liver
SWE in children with neonatal jaundice and found SWE to
have potential value in differentiating biliary atresia from
neonatal hepatitis [5-7]. However, liver SWE alone is less
predictive than grayscale imaging. Adding liver SWE can
help diagnose patients when grayscale images are equivocal
to biliary atresia [8]. However, liver SWE can diagnose
liver cirrhosis before KPE [9] and is thought to be another
promising indicator of prognosis during postoperative
surveillance of biliary atresia [10,11]. Spleen SWE has
also been used as a potential marker of liver fibrosis and
esophageal varices after KPE. Spleen SWE is reportedly the
most accurate predictor of high-risk esophagogastric varices
in children with biliary atresia [12]. However, studies on the
diagnostic value of liver and spleen SWE in predicting fibrosis
grade and the clinical impact of immediate postoperative
findings are limited.

Traditionally, the early outcomes of KPE are best estimated
by a postoperative decrease in serum total bilirubin within
3 months postoperatively [13-15]. However, various
clinical parameters, such as perioperative age and degree

466

Yoon et al.

of hepatic fibrosis and repeated or intractable cholangitis,
enable a more accurate prediction of long-term native liver
survival [16]. Moreover, several noninvasive combinations of
serum markers, such as the aspartate aminotransferase-to-
platelet ratio index (APRI), have been utilized to predict the
timeframe of end-stage liver disease in subsets of pediatric
patients with chronic liver disease, even with inconsistent
results [14,17-19].

Better management and treatment of biliary atresia
requires noninvasive means of diagnosing hepatic fibrosis
preoperatively and during follow-up to predict outcomes
as early as possible. However, no study has predicted the
prognosis by analyzing the changes in liver SWE as soon as
possible after surgery. Therefore, this study aimed to evaluate
the feasibility of ultrasonographic imaging studies with liver
and spleen SWE and laboratory findings for predicting hepatic
fibrosis and the outcomes of the native liver in patients with
biliary atresia.

MATERIALS AND METHODS

Patients

The ethics committee of Severance Children’s Hospital
approved this prospective study, and written informed
consent was obtained from the guardians of all participants.
Between May 2019 and February 2022, all consecutive
patients who were diagnosed with biliary atresia under 6
months of age were prospectively enrolled in this study. The
exclusion criteria were as follows: 1) neonatal cholestasis
other than biliary atresia and 2) other recent diseases, such
as acute febrile illness, which could affect biochemical
parameters other than biliary atresia.

Examination Protocol

All patients underwent routine laboratory and
ultrasonographic examinations to diagnose biliary atresia.
Sex and age at the time of surgery were documented. Among
the laboratory results, gamma-glutamyl transferase (GGT)
and direct bilirubin levels were recorded. In our hospital,
the imaging protocol after KPE is abdominal ultrasonography
1 week and 6 months postoperatively. In this study, SWE
imaging at 3 and 5 days after surgery were added to
evaluate liver and spleen elasticity changes immediately
after surgery. Preoperative SWE was performed within 1 week
postoperatively, and we used the laboratory results from
the day of preoperative SWE for preoperative analyses. The
grade of pathologic hepatic fibrosis at the time of KPE was
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recorded based on the METAVIR scoring system as follows:
FO, no portal fibrosis; F1, portal fibrosis without septa; F2,
portal fibrosis with rare septa; F3, numerous septa or lobular
distortion without cirrhosis; and F4, cirrhosis. Advanced
hepatic fibrosis was defined when the liver was classified as
F3 or F4. All patients also underwent repeated postoperative
abdominal ultrasonography on the third, fifth, and seventh
postoperative days (PODs 3, 5, and 7, respectively) to record
immediate postoperative findings. Follow-up ultrasonography
was also performed 6 months after KPE.

During follow-up, liver-related events, such as prolonged
jaundice, cholangitis, ascites, gastrointestinal bleeding,
hepatic encephalopathy, liver transplantation, and death,
were also recorded. Since recurrent cholangitis is associated
with the accelerated development of liver fibrosis and other
severe complications [20,21], a poor outcome for the native
liver was defined when a patient developed intractable
cholangitis or underwent liver transplantation during
follow-up. Intractable cholangitis was defined as recurrent
cholangitis with 1) hospitalization of 1 month or longer
required to treat the cholangitis and 2) three consecutive
hospitalizations for cholangitis at intervals of less than 1
month between the previous discharge and readmission [22].

Ultrasonography Including SWE

Infants were fasted for at least 4 hours before imaging
with an Aixplorer scanner (Supersonic Imagine). On
grayscale ultrasonography, spleen size and any structural
abnormalities, such as intrahepatic cystic lesions or masses,
were recorded. Liver and spleen SWE was performed with
a linear array transducer (SL10-2) in free-breathing status
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by three dedicated pediatric radiologists with more than 3
years of experience in elastography. SWE was performed in
dual mode (i.e., elastograms displayed alongside grayscale
sonograms in real-time). For liver SWE, the probe was placed
using a right intercostal approach and the operator chose
the best static SWE display images and a fixed circular region
of interest (ROI) (diameter 4 mm) within the center of the
rectangular ROI, at least 2 cm deep to the liver capsule,
avoiding vessels and areas of artifacts (Fig. 1). For spleen
SWE, the same fixed circular ROI was used and positioned at
least 0.5 cm away from the spleen capsule. A successful SWE
was defined as an ROI box that could be filled with over 90%
color of the box. Seven measurements were performed [23],
and the mean value of each organ was used in the analysis.
Temporary bottle feeding was performed to soothe patients
who were too irritable for SWE acquisition.

Statistical Analyses

Descriptive statistics were obtained for the demographic,
clinical, and laboratory findings. Quantitative variables were
expressed as medians and interquartile ranges (25th-75th
percentile). Qualitative variables were summarized as counts
and percentages.

The Mann-Whitney U test or Kruskal-Wallis test was
used for non-parametric group comparison. Kendall's Tau
correlation was performed to evaluate the correlation
between hepatic fibrosis grade and other parameters.
Spearman’s rank coefficient was used to test the correlation
between two study variables, and partial correlation analyses
were performed to remove the effects of other variables.
The diagnostic performance and cutoff values for advanced

*Multi Q-Box™
Nb Q-Box = 7

Mean 36.1kPa
Median 35.5kPa
Mean Diam 4.0mm
Min Diam 4.0mm
Max Diam 4.0mm
Mean 37.8kPa
28.0kPa

46.3kPa

3.9kPa

4.0mm

19.4mm

Fig. 1. Two-dimensional shear wave elastography (SWE) images of an 11-week male infant with biliary atresia before operation. Ultrasound
images of (A) liver and (B) spleen SWE. A: The stiffness color map (top) was relatively homogenous, and the mean SWE value of the
region of interest (bottom) was 26.0 kPa. B: For the spleen, the stiffness color map (top) was rather heterogeneous, and the mean SWE
was 36.1 kPa. The histological stage of liver fibrosis in infants was F3. SD = standard deviation
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hepatic fibrosis (F3-F4) and poor outcomes were assessed
using receiver operating characteristic (ROC) curves and the
Youden index. The area under the ROC curve (AUROC) was
compared pairwise.

A linear mixed model was used to compare changes in the
liver and spleen SWE measurement over time between the
poor and good outcome groups. Liver and spleen SWE between
each time point were compared by pairwise comparison
of time using post-hoc analyses with estimated means.

Due to the exploratory nature of this study, P-values were

not adjusted for a potential increase in type 1 error when
performing post hoc analyses. The trends of liver and spleen
SWE were also analyzed over time using a regression equation.

Data analyses were performed using SPSS version 26 (IBM
Corp.), MedCalc Statistical Software version 19.3.1 (MedCalc
Software Ltd.), and R version 4.1.1. (R Foundation for
Statistical Computing, Vienna, Austria). P-values < 0.05 were
considered statistically significant.

RESULTS

Patient Characteristics

Thirty-three patients were enrolled and analyzed. The
clinical characteristics of the patients are summarized in
Table 1. The study included 15 boys and 18 girls. The mean
perioperative age was 2-13 weeks. For the fibrosis stage, no
(0%) patients with FO, 2 (6.1%) with F1, 20 (60.6%) with F2,
10 (30.3%) with F3, and 1 (3.0%) with F4 were identified.
Patients were followed-up for 2-35 months postoperatively,
with a median duration of 13 months.

Four patients were followed-up for less than 6 months.
Therefore, all 33 patients underwent immediate
postoperative SWE examinations, and only 29 patients
underwent SWE examinations 6 months postoperatively
(Table 1). Follow-up SWE was performed in all patients
without measurement failure. During follow-up, 14 patients
(42.4%) developed cholangitis, including five patients
with intractable cholangitis. Three additional patients
underwent liver transplantation at the ages of 6, 9, and
11 months, one of whom expired within a month of liver
transplantation.

Predicting Hepatic Fibrosis

In the correlation analyses, the stage of hepatic fibrosis
positively correlated with the age at the time of surgery
(tau = 0.331, P = 0.025), preoperative direct bilirubin (tau =
0.341, P =0.017), and preoperative liver SWE (tau = 0.369,
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P =0.010). However, these parameters did not correlate
significantly with the fibrosis stage after adjusting for age
at the time of surgery. The advanced hepatic fibrosis group
also showed higher values for age at the time of surgery,
preoperative direct bilirubin, and liver and spleen SWE (Table 1).
On ROC analyses, age at the time of surgery, direct
bilirubin level, and preoperative liver and spleen SWE
showed good diagnostic performance for advanced hepatic
fibrosis (Table 2). The AUROC was 0.762 (95% confidence
interval [CI]: 0.583-0.893) for age at the time of surgery
with a cutoff value of 7 weeks, 0.798 (95% (I: 0.622-0.917)
for direct bilirubin, 0.806 (95% CI: 0.631-0.922) for
preoperative liver SWE with a cutoff value of 17.5, and 0.756
(95% CI: 0.554-0.899) for preoperative spleen SWE (Fig. 2).
The diagnostic performance for advanced hepatic fibrosis did
not differ among the parameters. All P-values were > 0.05
(0.253-0.951).

Predicting Poor Liver Outcomes

The poor outcome group included five patients with
intractable cholangitis and three patients who underwent
liver transplantation. Only the values for liver SWE on the
immediate postoperative days differed between the two
outcome groups (Table 1). Perioperative age and hepatic
fibrosis grade, preoperative liver SWE, preoperative and
immediate postoperative spleen SWE, and laboratory values,
including direct bilirubin, were not different between
patients with poor and good outcomes. The SWE of the liver
and spleen and laboratory values 6 months postoperatively
also did not differ between the two outcome groups.

On ROC analyses, liver SWE on POD 3, 5, and 7 showed
good diagnostic performance for predicting poor outcomes
(Table 3, Fig. 3 and 4). The AUROC was 0.891 (95% CI:
0.727-0.974) for liver SWE on POD 3, 0.783 (95% CI:
0.598-0.910) on POD 5, and 0.881 (95% CI: 0.718-0.968)
on POD 7 (Fig. 5). A cutoff value of 10.3 kPa for liver SWE
on POD 3 showed 100% sensitivity and 73.9% specificity. A
cutoff value of 11.4 kPa for liver SWE on POD 5 showed 75%
sensitivity and 73.9% specificity. The predictive performance
for poor outcomes did not differ between parameters. All
P-values were > 0.05 (0.214-0.671) (Fig. 5).

Comparison of Liver and Spleen SWE Measurements Over
Time between Poor and Good Outcomes

Liver SWE showed a significant decrease from the preoperative
value to POD 3 in the good outcome group (estimated mean,
13.8-9.6 kPa, P =0.025) (Supplementary Fig. 1). However,
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Table 2. Diagnostic Performance for Predicting Advanced Hepatic Fibrosis (F3-F4)

Area Under the ROC Curve* Cutoff Value Sensitivity! Specificity!
Age at the time of operation 0.762 (0.583-0.893) 7.0 wk 90.9 (10/11) 59.1 (13/22)
Direct bilirubin at diagnosis 0.798 (0.622-0.917) 4.9 pmol/L 100.0 (11/112) 50.0 (11/22)
Preoperative liver SWE 0.806 (0.631-0.922) 17.5 kPa 63.6 (7/11) 86.4 (19/22)
Preoperative spleen SWE 0.756 (0.554-0.899) 24.3 kPa 77.8 (7/9) 66.7 (12/18)

*Data in parentheses are 95% confidence intervals, Data are % with the raw numbers in parentheses. ROC = receiver operating

characteristic, SWE = shear wave elastography

100 |-
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60 |~
.“? -  a—
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2 I
L
N 40 |-
20 — Liver SWE
i —— Spleen SWE
i —— Age at operation
o 1 T R s Direct bilirubin
) I A T A T R S W T
0 20 40 60 80 100

100-Specificity

Fig. 2. Receiver-operating characteristics curves for preoperative
liver shear wave elastography (SWE), spleen SWE, age at the time
of operation (weeks), and direct bilirubin for the diagnosis of
significant hepatic fibrosis (F3-F4). The area under the receiver-
operating characteristics curve was 0.806 (95% confidence interval
[CI]: 0.631-0.922) for liver SWE and 0.756 (95% CI: 0.554-0.899)
for spleen SWE, 0.762 (95% CI: 0.583-0.893) for age, and

0.798 (95% CI: 0.622-0.917) for direct bilirubin. No significant
differences were observed between parameters (P-values: 0.253-
0.951).

the other values of immediate postoperative liver and spleen
SWE did not differ significantly in the amount of change

in measurement over time, depending on the outcome
(Supplementary Tables 1 and 2). The liver and spleen SWE
increased significantly from POD 0 to 180 in both the poor
and good outcome groups. However, this difference was not
significant between the good and poor outcome groups.

DISCUSSION

This study demonstrated the value of liver SWE before
and immediately after KPE in predicting hepatic fibrosis
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and native liver outcomes in biliary atresia patients. The
preoperative cutoff value was 17.5 kPa for predicting
advanced hepatic fibrosis (F3-F4). After surgery, the cutoff
value was 10.3 kPa for POD 3 and 11.4 kPa for POD 5 for
predicting poor outcomes for the native liver. However,

the perioperative hepatic fibrosis stage, preoperative or
immediate postoperative laboratory findings, and spleen
SWE values did not help predict native liver outcomes.

Liver cirrhosis in KPE suggests a poor prognosis and may
require patients to undergo early liver transplantation.
Precise preoperative detection of liver cirrhosis in biliary
atresia patients is significant for surgical success and for
judging the prognosis of the native liver. SWE has been
used to accurately assess liver fibrosis in children with
jaundice [24,25]. However, only one study has analyzed
the relationship between preoperative SWE values and
hepatic fibrosis grade in biliary atresia patients, and for liver
stiffness measurements, it suggested a cutoff value of 13.0
kPa for F3 and 15.7 kPa for F4 METAVIR scores [26]. In that
study, SWE showed the greatest diagnostic performance
for predicting the stage of liver fibrosis compared to those
of APRI and other serum fibrosis markers. In our study,
perioperative age, direct bilirubin level, and preoperative
liver and spleen SWE showed good diagnostic performance
for predicting advanced hepatic fibrosis in biliary atresia
patients. Our cutoff value for liver SWE was 17.5 kPa for
predicting advanced hepatic fibrosis. This cutoff value is
slightly higher than other reported values, which may be due
to the relatively small number of cases with F4 scores and
the differences in age distributions between studies. The
previously discussed parameters did not correlate significantly
with the hepatic fibrosis stage when adjustments were made
for age at the time of surgery. This also implies that age is
an important determining factor for hepatic fibrosis in biliary
atresia patients.

The predictive value of liver stiffness after KPE for biliary
atresia was investigated using transient elastography.
Patients with high liver stiffness 3 months after KPE also had
a higher incidence of chronic liver disease [27]. Moreover,

https://doi.org/10.3348/kjr.2022.0586 kjronline.org
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Table 3. Diagnostic Performance of Postoperative Liver SWE for Predicting Poor Native Liver Outcome

Area Under the ROC Curve* Cutoff Value Sensitivity! Specificity!
POD 3 0.891 (0.727-0.974) 10.3 kPa 100.0 (8/8) 73.9 (17/23)
POD 5 0.783 (0.598-0.910) 11.4 kPa 75.0 (6/8) 73.9 (17/23)
POD 7 0.881 (0.718-0.968) 13.7 kPa 100.0 (8/8) 78.2 (18/23)

*Data in parentheses are 95% confidence intervals, 'Data are % with the raw numbers in parentheses. ROC = receiver operating
characteristic, SWE = shear wave elastography, POD = postoperative day
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Fig. 3. Serial two-dimensional shear wave elastography (SWE) images of a 7-week female infant with biliary atresia in the poor outcome
group. (A) Preoperative liver SWE measurements in the regions of interest have a mean of 9.8 kPa. The histological stage of liver fibrosis
in the infant was F3. Serial liver SWE measurements showed the mean values as (B) 10.8 kPa on postoperative day (POD) 3, (C) 8.3 kPa
on POD 5, (D) 11.3 kPa on POD 7, and (E) 22.9 kPa on POD 180. This patient underwent liver transplantation at 8 months. SD = standard

deviation

liver stiffness measured 1 week after KPE was associated with
thrombocytopenia, splenomegaly, and esophageal varices 6
months after KPE [28]. The risk of earlier liver transplantation
was associated with a TE value of > 16 kPa measured 1

week after KPE. This suggests that very early serial liver
stiffness measurements after the Kasai operation can be a
predictive indicator of clinical outcomes. However, no study
has demonstrated immediate postoperative changes in liver
stiffness within a week after KPE. Therefore, in our study, we
attempted to measure the immediate postoperative values
for liver SWE on POD 3, 5, and 7. Although our study used

a different modality, it yielded similar results. Liver SWE on

kjronline.org https://doi.org/10.3348/kjr.2022.0586

immediate POD showed good diagnostic performance for
predicting poor outcomes.

Contrary to prior knowledge, perioperative age and hepatic
fibrosis grade did not show significant predictive value for
poor outcomes in this study. This may be because the Kasai
operation was performed relatively early in our patients.
All patients underwent surgery before 11 weeks, and only
one METAVIR fibrosis stage 4 was identified perioperatively
in our study group. Second, the number of patients in
the poor-outcome group was small (8/33); therefore, a
statistical significance might not have been identifiable.
This may explain why the median age (7 vs. 9 years) of the
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Fig. 4. Serial two-dimensional shear wave elastography (SWE) images of a 9-week male infant with biliary atresia in the good outcome
group. (A) Preoperative liver SWE measurements in the regions of interest have a mean of 8.3 kPa. The histological stage of liver fibrosis
in the infant was F2. Serial liver SWE measurements showed the mean values as (B) 5.8 kPa on postoperative day (POD) 3, (C) 7.0 kPa
on POD 5, (D) 7.5 kPa on POD 7, and (E) 5.1 kPa on POD 180. Except for the history of hospitalization for simple cholangitis during
follow-up, he is doing well without esophageal varices. SD = standard deviation

low-grade (FO-F2) and high-grade (F3-F4) hepatic fibrosis
groups was significantly different, but that (7 vs. 9.5 years)
of the good vs. poor outcome groups was not significantly
different, even though the median age was similar. In
addition, although the number of F3-F4 was higher in the
poor outcome group (5/8, 62.5%) than in the good outcome
group (6/25, 24.0%), this difference was not statistically
significant, which might have been due to the small number
of patients in the poor outcome group. Further studies with
a larger number of patients are required.

Despite the small number of patients with poor outcomes,
the immediately postoperative value of liver elasticity
differed significantly depending on the prognosis group.
Therefore, the results of this study are meaningful. Our
study focused on immediately postoperative elasticity
changes. Liver SWE showed a significant decrease from the
preoperative value to POD 3 in the good-outcome group.
Although the statistical significance could not be confirmed
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due to the small sample size, the SWE values in the good
outcome group tended to decrease significantly immediately
postoperatively, especially on POD 3, where it was
consistently lower and then increased slowly over time than
those in the poor outcome group. SWE values may reflect
inflammation, edema, and elevated intracellular pressure,
which can be caused by cholestasis due to increased serum
bilirubin levels [29]. This inflammation is another reason
for poor outcomes after KPE. Thus, higher SWE values might
indicate not only severe fibrosis but also inflammation
which reduces the native liver survival. Early liver SWE on
POD 3 may suggest successful bile drainage. The median
values of liver SWE at POD 180 between the good (17.9

kPa, range 9.6-25.6) and poor (25.6 kPa, range 18.6-37.7)
outcome groups were not statistically different, which might
have been due to the small number of patients in the poor
outcome group. Future research with a larger sample size is
needed to confirm our results.

https://doi.org/10.3348/kjr.2022.0586 kjronline.org



Immediate Postoperative SWE Predicts Prognosis in Biliary Atresia Patients

100 |-
80 |-
., 60 |—
£ i
2
] -
% B
v 40 -
20 4
- — POD 3
F — POD 5
I — POD 7
0 u 1 1 L l L 1 3 I L 1 1 I 1 L Il ' 1 L L |
0 20 40 60 80 100
100-Specificity

Fig. 5. Receiver-operating characteristics curves for liver shear
wave elastography on postoperative days (PODs) 3, 5, and 7 for
predicting poor outcomes. The area under the receiver-operating
characteristics curve was 0.891 (95% confidence interval [CI]:
0.727-0.974) on POD 3, 0.783 (95% CI: 0.598-0.910) on POD
5, and 0.881 (95% CI: 0.718-0.968) on POD 7. No significant
differences were observed between the parameters (P-values:
0.214-0.671).

Histological analysis of liver biopsies has great value as
its findings allow us to predict the survival of the native
liver after KPE by enabling and specifically documenting
hepatic injury grade based on multiple parameters, such
as portal fibrosis and inflammatory infiltration. However,
approximately 5% of children may develop infection or
hemorrhage after liver biopsies [30-32]. The longitudinal
assessment of fibrosis using novel noninvasive investigations
may reduce or eliminate the need for serial liver biopsies.

As our research shows, SWE can be a promising noninvasive
diagnostic tool after KPE for biliary atresia patients that can
help predict liver fibrosis.

The rapid clearance of serum total and direct bilirubin,
which leads to levels below the normal range 3 months
after KPE, accurately reflects favorable outcomes in biliary
atresia. Other traditional markers, such as GGT, serum
albumin, and AST, have shown weaker associations with
survival and native liver rates [33-35]. However, known
serum indices or markers are not representative prognostic
factors for biliary atresia, and their clinical significance is
somewhat uncertain; therefore, the goal of this study was to
determine a cutoff point or threshold using noninvasive SWE
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so that patients would not have to undergo liver biopsies
[19,36].

This study had several limitations. First, it was performed
at a single institution within a limited period. The short-
term follow-up might have been a cause of bias. We
could not analyze only patients who underwent liver
transplantation separately for the poor outcome group from
a limited number. Second, we included no control group for
comparison, although such a comparison was not considered
effective for the study purposes. Due to the small number
of patients, a validation test could not be performed using
our results. Third, we did not perform a comparative analysis
with laboratory fibrosis index markers, such as APRI.
Fourth, there may be intersegmental variability in both SWE
measurements and pathology. Fifth, each patient underwent
SWE by a single radiologist; therefore, interobserver and
intraobserver variations could not be analyzed. In addition,
we could not use the measurement reliability index when
measuring the SWE. Liver SWE has been used for a long time,
and its reliability and reproducibility have been verified
even in children. However, the results of spleen SWE can be
relatively inhomogeneous compared to those of liver SWE
and can be affected by free breathing during measurement
in small children. Sixth, there were no intermediate
measurements on the first 180 postoperative days because
we tried to focus on immediately postoperative changes.
Further studies that incorporate multicenter data and
intermediate- and long-term follow-ups with variable
laboratory fibrosis index markers are needed.

In conclusion, age, direct bilirubin level, and liver and
spleen SWE can predict the degree of hepatic fibrosis before
KPE. Immediate postoperative values of liver SWE measured
on PODs 3 and 5 can also predict native liver outcomes in
patients with biliary atresia. Cutoff values of 10.3 and 11.4
kPa on PODs 3 and 5, respectively, result in high diagnostic
performance for predicting poor outcomes.

Supplement

The Supplement is available with this article at
https://doi.org/10.3348/kjr.2022.0586.

Availability of Data and Material

The datasets generated or analyzed during the study are
available from the corresponding author on reasonable request.

473



Korean Journal of Radiology

Conflicts of Interest

Kyunghwa Han and Mi-Jung Lee, contributing editors of
the Korean Journal of Radiology, were not involved in the
editorial evaluation or decision to publish this article. All
remaining authors have declared no conflicts of interest.

Author Contributions

Conceptualization: Haesung Yoon, Kyong Ihn, Hong Koh,
Mi-Jung Lee. Data curation: Haesung Yoon, Kyong Ihn,
Jisoo Kim, Hyun Ji Lim, Sowon Park, Seok Joo Han, Hong
Koh, Mi-Jung Lee. Formal analysis: Haesung Yoon, Kyong
Ihn, Kyunghwa Han, Hong Koh, Mi-Jung Lee. Funding
acquisition: Hong Koh. Investigation: Haesung Yoon,

Kyong Ihn, Hong Koh, Mi-Jung Lee. Methodology: Haesung

Yoon, Kyong Ihn, Kyunghwa Han, Hong Koh, Mi-Jung Lee.

Project administration: Hong Koh, Mi-Jung Lee. Resources:

Hong Koh, Mi-Jung Lee. Software: Haesung Yoon, Kyong
Thn, Jisoo Kim, Hyun Ji Lim, Kyunghwa Han. Supervision:
Hong Koh, Mi-Jung Lee. Validation: Haesung Yoon, Kyong

Thn, Hong Koh, Mi-Jung Lee. Visualization: Haesung Yoon,

Kyong Ihn, Hong Koh, Mi-Jung Lee. Writing—original
draft: Haesung Yoon, Kyong Ihn, Hong Koh, Mi-Jung Lee.
Writing—review & editing: all authors.

ORCID iDs
Haesung Yoon
https://orcid.org/0000-0003-0581-8656
Kyong Ihn
https://orcid.org/0000-0002-6161-0078
Jisoo Kim
https://orcid.org/0000-0002-3481-127X
Hyun Ji Lim
https://orcid.org/0000-0001-5537-2360
Sowon Park
https://orcid.org/0000-0002-2498-8004
Seok Joo Han
https://orcid.org/0000-0001-5224-1437
Kyunghwa Han
https://orcid.org/0000-0002-5687-7237
Hong Koh
https://orcid.org/0000-0002-3660-7483
Mi-Jung Lee
https://orcid.org/0000-0003-3244-9171

Funding Statement
None

474

Yoon et al.

REFERENCES

. Yoon HM, Suh CH, Kim JR, Lee JS, Jung AY, Cho YA. Diagnostic

performance of sonographic features in patients with biliary
atresia: a systematic review and meta-analysis. J Ultrasound
Med 2017;36:2027-2038

. Brahee DD, Lampl BS. Neonatal diagnosis of biliary atresia: a

practical review and update. Pediatr Radiol 2022;52:685-692

. Napolitano M, Franchi-Abella S, Damasio MB, Augdal TA, Avni

FE, Bruno C, et al. Practical approach to imaging diagnosis
of biliary atresia, part 1: prenatal ultrasound and magnetic
resonance imaging, and postnatal ultrasound. Pediatr Radiol
2021;51:314-331

. Yoon H, Lim HJ, Kim J, Lee MJ. Diagnostic imaging of biliary

atresia. J Korean Soc Radiol 2022;83:991-1002

. Zhou LY, Jiang H, Shan QY, Chen D, Lin XN, Liu BX, et al.

Liver stiffness measurements with supersonic shear wave
elastography in the diagnosis of biliary atresia: a comparative
study with grey-scale US. Eur Radiol 2017;27:3474-3484

6. Dillman JR, DiPaola FW, Smith SJ, Barth RA, Asai A, Lam

10.

11.

12.

13.

S, et al. Prospective assessment of ultrasound shear wave
elastography for discriminating biliary atresia from other
causes of neonatal cholestasis. J Pediatr 2019;212:60-65.e3

. Leschied JR, Dillman JR, Bilhartz J, Heider A, Smith EA, Lopez

MJ. Shear wave elastography helps differentiate biliary atresia
from other neonatal/infantile liver diseases. Pediatr Radiol
2015;45:366-375

. Sandberg JK, Sun Y, Ju Z, Liu S, Jiang J, Koci M, et al.

Ultrasound shear wave elastography: does it add value to
gray-scale ultrasound imaging in differentiating biliary
atresia from other causes of neonatal jaundice? Pediatr Radiol
2021,;51:1654-1666

. Ding C, Wang Z, Peng C, Pang W, Tan SS, Chen Y. Diagnosis of

liver cirrhosis with two-dimensional shear wave elastography in
biliary atresia before Kasai portoenterostomy. Pediatr Surg Int
2022;38:209-215

Zhou W, Li X, Zhang N, Liao B, Xie X, Zhang X, et al. The
combination of conventional ultrasound and shear-wave
elastography in evaluating the segmental heterogeneity

of liver fibrosis in biliary atresia patients after Kasai
portoenterostomy. Pediatr Surg Int 2021;37:1099-1108

Liu'Y, Peng C, Wang K, Wu D, Yan J, Tu W, et al. The utility of
shear wave elastography and serum biomarkers for diagnosing
biliary atresia and predicting clinical outcomes. Eur J Pediatr
2022;181:73-82

Yokoyama S, Ishigami M, Honda T, Kuzuya T, Ishizu Y, Ito T,
et al. Spleen stiffness by 2-D shear wave elastography is the
most accurate predictor of high-risk esophagogastric varices in
children with biliary atresia. Hepatol Res 2019;49:1162-1168
Hukkinen M, Kerola A, Lohi J, Jahnukainen T, Heikkild P,
Pakarinen MP. Very low bilirubin after portoenterostomy
improves survival of the native liver in patients with biliary
atresia by deferring liver fibrogenesis. Surgery 2019;165:843-
850

https://doi.org/10.3348/kjr.2022.0586 kjronline.org



Immediate Postoperative SWE Predicts Prognosis in Biliary Atresia

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

kjronline.org

Hukkinen M, Pihlajoki M, Pakarinen MP. Predicting native
liver injury and survival in biliary atresia. Semin Pediatr Surg
2020;29:150943

Superina R, Magee JC, Brandt ML, Healey PJ, Tiao G, Ryckman
F, et al. The anatomic pattern of biliary atresia identified at
time of Kasai hepatoportoenterostomy and early postoperative
clearance of jaundice are significant predictors of transplant-
free survival. Ann Surg 2011;254:577-585

Davenport M, Caponcelli E, Livesey E, Hadzic N, Howard

E. Surgical outcome in biliary atresia: etiology affects the
influence of age at surgery. Ann Surg 2008;247:694-698

Kim SY, Seok JY, Han SJ, Koh H. Assessment of liver fibrosis
and cirrhosis by aspartate aminotransferase-to-platelet ratio
index in children with biliary atresia. J Pediatr Gastroenterol
Nutr 2010;51:198-202

Kim S, Moore J, Alonso E, Bednarek J, Bezerra JA, Goodhue C,
et al. Correlation of immune markers with outcomes in biliary
atresia following intravenous immunoglobulin therapy. Hepatol
Commun 2019;3:685-696

Wu JF, Jeng YM, Chen HL, Ni YH, Hsu HY, Chang MH.
Quantification of serum matrix metallopeptide 7 levels may
assist in the diagnosis and predict the outcome for patients
with biliary atresia. J Pediatr 2019;208:30-37.e1

Liu J, Dong R, Chen G, Dong K, Zheng S. Risk factors and
prognostic effects of cholangitis after Kasai procedure in
biliary atresia patients: a retrospective clinical study. J Pediatr
Surg 2019;54:2559-2564

Chen SY, Lin CC, Tsan YT, Chan WC, Wang JD, Chou YJ, et al.
Number of cholangitis episodes as a prognostic marker to
predict timing of liver transplantation in biliary atresia patients
after Kasai portoenterostomy. BMC Pediatr 2018;18:119

Shin JH, Chang EY, Chang HK, Kim SM, Han SJ. Home
intravenous antibiotic treatment for intractable cholangitis in
patients with biliary atresia following Kasai portoenterostomies.
J Korean Surg Soc 2011;80:355-361

Shin HJ, Kim MJ, Kim HY, Roh YH, Lee MJ. Optimal acquisition
number for hepatic shear wave velocity measurements in
children. PLoS One 2016;11:0168758

Franchi-Abella S, Corno L, Gonzales E, Antoni G, Fabre

M, Ducot B, et al. Feasibility and diagnostic accuracy of
supersonic shear-wave elastography for the assessment of
liver stiffness and liver fibrosis in children: a pilot study of 96
patients. Radiology 2016;278:554-562

Tutar 0, Beser OF, Adaletli I, Tunc N, Gulcu D, Kantarci F, et al.
Shear wave elastography in the evaluation of liver fibrosis in

https://doi.org/10.3348/kjr.2022.0586

26

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Korean Journal of Radiology

children. J Pediatr Gastroenterol Nutr 2014;58:750-755
. Chen H, Zhou L, Liao B, Cao Q, Jiang H, Zhou W, et al. Two-
dimensional shear wave elastography predicts liver fibrosis in
jaundiced infants with suspected biliary atresia: a prospective
study. Korean J Radiol 2021;22:959-969
Hahn SM, Kim S, Park KI, Han SJ, Koh H. Clinical benefit
of liver stiffness measurement at 3 months after Kasai
hepatoportoenterostomy to predict the liver related events in
biliary atresia. PLoS One 2013;8:e80652
Wu JF, Lee CS, Lin WH, Jeng YM, Chen HL, Ni YH, et al.
Transient elastography is useful in diagnosing biliary atresia
and predicting prognosis after hepatoportoenterostomy.
Hepatology 2018;68:616-624
Millonig G, Reimann FM, Friedrich S, Fonouni H, Mehrabi A,
Biichler MW, et al. Extrahepatic cholestasis increases liver
stiffness (FibroScan) irrespective of fibrosis. Hepatology
2008;48:1718-1723
Gunadi, Sirait DN, Budiarti LR, Paramita VMW, Fauzi AR,
Ryantono F, et al. Histopathological findings for prediction of
liver cirrhosis and survival in biliary atresia patients after Kasai
procedure. Diagn Pathol 2020;15:79
Gonzalez-Vallina R, Alonso EM, Rand E, Black DD, Whitington
PF. Outpatient percutaneous liver biopsy in children. J Pediatr
Gastroenterol Nutr 1993;17:370-375
Cohen MB, A-Kader HH, Lambers D, Heubi JE. Complications
of percutaneous liver biopsy in children. Gastroenterology
1992;102:629-632
Nightingale S, Stormon MO, 0’Loughlin EV, Shun A, Thomas
G, Benchimol EI, et al. Early posthepatoportoenterostomy
predictors of native liver survival in biliary atresia. J Pediatr
Gastroenterol Nutr 2017;64:203-209
Ihn K, Ho IG, Chang EY, Han SJ. Correlation between
gamma-glutamyl transpeptidase activity and outcomes after
Kasai portoenterostomy for biliary atresia. J Pediatr Surg
2018;53:461-467
Koga H, Wada M, Nakamura H, Miyano G, Okawada M, Lane GJ,
et al. Factors influencing jaundice-free survival with the native
liver in post-portoenterostomy biliary atresia patients: results
from a single institution. J Pediatr Surg 2013;48:2368-2372
Kerola A, Lampela H, Lohi J, Heikkild P, Mutanen A, Hagstrom
J, et al. Increased MMP-7 expression in biliary epithelium
and serum underpins native liver fibrosis after successful
portoenterostomy in biliary atresia. J Pathol Clin Res
2016;2:187-198

Patients

475





