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Abstract
BACKGROUND
A recent retrospective study confirmed that hepatic stiffness and splenic stiffness
measured with magnetic resonance elastography (MRE) are strongly associated
with the presence of esophageal varices. In addition, strong correlations have
been reported between splenic stiffness values measured with MRE and hepatic
venous pressure gradients in animal models. However, most studies have been
conducted on adult populations, and previous pediatric MRE studies have only
demonstrated the feasibility of MRE in pediatric populations, while the actual
clinical application of spleen MRE has been limited.

AIM
To assess the utility of splenic stiffness measurements by MRE to predict
gastroesophageal varices in children.

METHODS
We retrospectively reviewed abdominal MRE images taken on a 3T system in
pediatric patients. Patients who had undergone Kasai operations for biliary
atresia were selected for the Kasai group, and patients with normal livers and
spleens were selected for the control group. Two-dimensional spin-echo echo-
planar MRE acquisition centered on the liver, with a pneumatic driver at 60 Hz
and a low amplitude, was performed to obtain hepatic and splenic stiffness
values. Laboratory results for aspartate aminotransferase to platelet ratio index
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(APRI) were evaluated within six months of MRE, and the normalized spleen size
ratio was determined with the upper normal size limit. All Kasai group patients
underwent gastroesophageal endoscopy during routine follow-up. The Mann-
Whitney U test, Kendall's tau b correlation and diagnostic performance analysis
using the area under the curve (AUC) were performed for statistical analysis.

RESULTS
The median spleen MRE value was 5.5 kPa in the control group (n = 9, age 9-18
years, range 4.7-6.4 kPa) and 8.6 kPa in the Kasai group (n = 22, age 4-18 years,
range 5.0-17.8 kPa). In the Kasai group, the APRI, spleen size ratio and spleen
MRE values were higher in patients with portal hypertension (n = 11) than in
patients without (n = 11) (all P < 0.001) and in patients with gastroesophageal
varices (n = 6) than in patients without (n = 16) (all P < 0.05), even though their
liver MRE values were not different. The APRI (τ = 0.477, P = 0.007), spleen size
ratio (τ = 0.401, P = 0.024) and spleen MRE values (τ = 0.426, P = 0.016) also
correlated with varices grades. The AUC in predicting gastroesophageal varices
was 0.844 at a cut-off of 0.65 (100% sensitivity and 75% specificity) for the APRI,
and 0.844 at a cut-off of 9.9 kPa (83.3% sensitivity and 81.3% specificity) for
spleen MRE values.

CONCLUSION
At a cut-off of 9.9 kPa, spleen MRE values predicted gastroesophageal varices as
well as the APRI and spleen size ratio in biliary atresia patients after the Kasai
operation. However, liver MRE values were not useful for this purpose.

Key words: Biliary atresia; Magnetic resonance elastography; Kasai operation; Splenic
stiffness; Portal hypertension

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Non-invasive monitoring of portal hypertension is important in children with
hepatic fibrosis. Spleen magnetic resonance elastography (MRE) values predicted
gastroesophageal varices at a cut-off of 9.9 kPa in biliary atresia patients after the Kasai
operation, and the diagnostic performance was comparable to that of the aspartate
aminotransferase to platelet ratio index and the spleen size ratio. However, liver MRE
values did not differ in patients with and without portal hypertension or gastroesophageal
varices.

Citation: Yoon H, Shin HJ, Kim MJ, Han SJ, Koh H, Kim S, Lee MJ. Predicting
gastroesophageal varices through spleen magnetic resonance elastography in
pediatric liver fibrosis. World J Gastroenterol 2019; 25(3): 367-377
URL: https://www.wjgnet.com/1007-9327/full/v25/i3/367.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i3.367

INTRODUCTION
Biliary atresia is a perinatal disease of unclear etiology characterized by inflammatory
obstruction of  the biliary tree,  leading to  biliary cirrhosis  and early death if  left
untreated.  The Kasai  hepatoportoenterostomy is  the  first  surgical  step aimed at
restoring bile flow. Performing the Kasai operation earlier increases its chance of
success[1]. However, even if the Kasai operation is performed in the first month of life,
up to 60% of children who receive the operation will require liver transplantation
before the age of 20 years due to liver cirrhosis[2,3]. In 70% of children with successfully
established  bile  drainage,  the  disease  progresses,  presenting  as  fibrosis,  portal
hypertension and cirrhosis[3]. Therefore, regular long-term monitoring of fibrosis and
cholestasis is important for patients with biliary atresia[4].

Liver biopsy is the reference standard for evaluating hepatic fibrosis. However,
repeated monitoring with liver  biopsy is  difficult  because of  its  invasive nature,
relatively high cost,  small  sampling size,  interpretational  variability and limited
patient acceptance, especially in children[5-8]. As a result of these limitations, many
investigators have focused on identifying alternative, noninvasive methods to assess
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hepatic fibrosis. Magnetic resonance elastography (MRE) is an imaging technique that
assesses tissue stiffness by measuring the speed of shear wave propagation within the
parenchyma. MRE can quantitatively measure the stiffness of the liver parenchyma to
facilitate safe, rapid, cost-effective and noninvasive evaluations of a wide range of
hepatic diseases. MRE hepatic stiffness values correlate well with hepatic fibrosis, and
thus play a crucial role in monitoring disease progression in adults with chronic liver
disease[9-11]. Through the use of MRE, it is possible to measure both hepatic stiffness
and  splenic  stiffness  and  comprehensively  assess  liver  fibrosis  and  portal
hypertension.

Previous  studies  have  revealed  that  splenic  stiffness  best  correlates  with  the
presence of  gastroesophageal  varices  observed upon endoscopy in  chronic  liver
disease[12,13]. A recent retrospective study confirmed that hepatic stiffness and splenic
stiffness measured with MRE are strongly associated with the presence of esophageal
varices[14].  In  addition,  strong  correlations  have  been  reported  between  splenic
stiffness values measured with MRE and hepatic venous pressure gradients in animal
models[15,16]. However, most studies have been conducted on adult populations, and
previous pediatric MRE studies have only demonstrated the feasibility of MRE in
pediatric populations, while the actual clinical application of spleen MRE has been
limited.

Therefore, the primary aim of this study was to evaluate the utility of MRE for
hepatic and splenic stiffness assessments to evaluate portal hypertension in pediatric
patients with biliary atresia after the Kasai operation.

MATERIALS AND METHODS

Patients
Our institutional review board approved this study and waived the requirement for
informed consent because of its retrospective nature. From January 2015 to December
2016, we retrospectively reviewed patients who were under the age of 18 and had
undergone  liver  magnetic  resonance  imaging  (MRI),  including  MRE  and  T2*
mapping, due to various indications. Patients with a history of biliary atresia who had
undergone the Kasai operation, with lab results obtained within six months of MRE
imaging, were included in the Kasai group. Patients without any previous medical or
surgical history who had undergone liver MRI to evaluate the possibility of fatty liver,
and who were thereby found to have no liver pathology, were included in the control
group. The normal criteria for liver MRI were a hepatic fat fraction < 6%[17], liver MRE
values < 2.71 kPa[18,19] and a liver T2* value > 6.7 msec[20].

Clinical  charts were reviewed to determine the absence or presence of clinical
portal hypertension (PHT). Clinically evident PHT was defined as being present when
there was either a history of a complication of PHT (esophageal or gastric variceal
bleed, ascites or hepatopulmonary syndrome) or clinical findings consistent with PHT
in  terms  of  both  splenomegaly  and  thrombocytopenia  (platelet  count  <  150000
cells/mL)[21]. The modified aspartate aminotransferase to platelet ratio index (APRI)
was calculated[22]. In the Kasai group, all patients had previous endoscopy results,
which were reviewed by one gastroenterologist to determine the presence of varices.
The varices grade was classified as 0, no varices; 1, varices running straight; 2, varices
with a beaded appearance; and 3, varices running obliquely and tortuously, with a
tumor-like appearance[23].

Liver MRI with MRE
Liver  MRI  was  performed  with  a  3T  system  (Discovery  750w;  GE  Healthcare,
Milwaukee, WI, United States). The routine liver MRI protocol included coronal and
axial  single-shot  fast  spin-echo  T2-weighted  images  for  morphological  liver
assessment, a three-dimensional volumetric multi-echo gradient sequence (IDEAL-IQ;
GE Healthcare) for fat quantification using the proton density fat fraction and T2*
decay assessment, and MRE. Spleen size was measured as the longest diameter of the
spleen on either a coronal or axial image. The spleen size ratio was calculated as the
spleen length divided by the suggested upper normal limit of spleen length at each
age[24], to compensate for growth effects due to age. The total scan time was less than
15 min, and the imaging study was done without sedation. All patients fasted for at
least 4 h prior to MRE.

For MRE, a 19-cm diameter passive pneumatic driver was positioned over the right
anterior abdominal wall and attached to an acoustic waveform generator. The driver
amplitude power was reduced by 20%, and a 60 Hz waveform was applied to the
driver to prevent abdominal wall discomfort and pain in pediatric patients[25]. A two-
dimensional  spin-echo-based echo-planar  MRE sequence was  acquired with  the
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following parameters: repetitive time/echo time = 1000/62, 60 Hz magnetization
encoding gradient, 64 × 64 matrix and 8-mm slice thickness with a 2-mm gap and a
38-cm field of view. Four slices were obtained, including the level of the porta hepatis,
during a 24-s breath hold. If the patient could not hold his or her breath, the scan was
performed while the patient was breathing freely, with a single average rather than
multiple  averages.  Wave  images  and  MRE  images  with  cross-hatching  were
automatically generated on the operating console.

The inversion algorithm used for stiffness map calculation involved a multi-scale
direct inversion. Hepatic stiffness was measured by one experienced radiologist. A
single maximum region of interest (ROI) was placed on each stiffness map, mainly in
the  right  hepatic  lobe,  avoiding  large  vessels  and  areas  with  inadequate  wave
propagation or cross-hatching marks. The cross-reference tool in our system was used
for guidance. The average of four stiffness maps was used to represent the hepatic
stiffness of each patient, and the mean values were recorded in kilopascals (kPa).
Splenic stiffness was measured through the placement of a free-hand single maximum
ROI at each visible splenic area on the stiffness map. The average of the spleen ROIs
was used to represent the splenic stiffness of each patient and was recorded in kPa.

Statistical analysis
Data management and statistical calculations were performed with MedCalc software
(version 18.10.2, Ostend, Belgium). The Mann-Whitney U  test was performed for
group comparisons. For the varices grade groups, the Kruskal-Wallis test was used
for group comparisons, and Kendall's tau b test was used for correlation analysis.
Area under the curve (AUC) analyses were also performed to evaluate the diagnostic
performance for gastroesophageal varices. P values less than 0.05 were considered
significant.

RESULTS

Group comparison between the Kasai and control groups
During the study period, 26 biliary atresia patients who had previously undergone
the Kasai operation underwent liver MRI including MRE. Four of these patients were
excluded: three had a history of splenic artery embolization, and one did not have a
spleen MRE value because the spleen was outside the field of view. Thus, a total of 22
patients (10 male and 12 female) were enrolled in the Kasai group, with ages ranging
from 4 to  18 years  (median age of  10 years).  None of  the patients  had difficulty
holding their breath during the liver MRI. All 22 patients had a native liver, and none
had a clinical or radiological diagnosis of a hepatic tumor. For the control group, 10
patients met the inclusion criteria. However, one was excluded because the spleen
was outside the field of view during MRE. Therefore, nine patients (five male and
four female, age 9-18 years with a median of 14 years) were ultimately included in the
control group.

Table 1 displays the clinical and radiological results of both groups. The body mass
index, hepatic fat fraction and liver T2* values did not differ between the two groups.
However, the Kasai group had higher APRI (median 0.61 vs 0.33, P = 0.033), spleen
size (median 11.8 cm vs 9.5 cm, P = 0.009), spleen size ratio (median 1.03 vs 0.83, P =
0.004),  liver MRE (median 3.4 kPa vs  2.2  kPa,  P  < 0.001)  and spleen MRE values
(median 9.0 kPa vs 5.5 kPa, P < 0.001) than the control group. The range of spleen
MRE values in the control group was 4.7-6.4 kPa.

Group comparison with and without portal hypertension in the Kasai group
In the Kasai group, 11 patients (11/22, 50%) had clinical PHT. The patients with and
without PHT (Table 2) did not differ in age (median 10.0 years vs  10.0 years, P  =
0.797). The APRI (median 1.17 vs 0.30, P < 0.001), spleen size (median 14.6 cm vs 9.6
cm, P  < 0.001), spleen size ratio (median 1.30 vs  0.91, P  < 0.001), and spleen MRE
values (median 11.1 kPa vs 7.6 kPa, P < 0.001) were higher in the patients with PHT
than in those without PHT. However, the liver MRE values did not differ between
these groups (median 3.7 kPa vs 3.1 kPa, P = 0.056).

Gastroesophageal varices evaluation in the Kasai group
Six patients were found to have esophageal or gastric varices upon endoscopy. The
endoscopies were performed within 0-104 mo of the liver MRI (median 52 mo) in all
patients, and within 0-98 mo (median 15 mo) in patients with varices. Four patients
had grade 1 esophageal varices, one patient had grade 2 esophageal varices and one
patient had grade 2 gastric varices.

When patients with and without gastroesophageal varices were compared (Table
3), the APRI (median 1.21 vs 0.40, P = 0.013), spleen size ratio (median 1.33 vs 0.95, P =
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Table 1  Patient characteristics in the Kasai group and control group

Kasai group (n = 22) Control group (n = 9) P value1

Clinical and laboratory findings Age (yr) 10.0 (4.0-18.0) 14.0 (9.0-18.0) 0.012

BMI (kg/m2) 17.1 (14.8-29.9) 20.6 (14.7-24.2) 0.593

APRI 0.61 (0.18-5.00) 0.33 (0.18-0.51) 0.033

Varices n = 6 n = 0

Liver MRI findings Spleen size (cm) 11.8 (7.1-19.0) 9.5 (7.9-10.1) 0.009

Spleen size ratio 1.03 (0.63-1.73) 0.83 (0.68-0.92) 0.004

Liver fat fraction (%) 3.0 (1.0-18.0) 3.1 (2.5-5.8) 0.313

Liver T2* value (msec) 23.5 (15.0-64.1) 25.6 (12.0-30.0) 0.824

Liver MRE value (kPa) 3.4 (2.5-6.0) 2.2 (1.6-2.5) < 0.001

Spleen MRE value (kPa) 9.0 (5.0-17.8) 5.5 (4.7-6.4) < 0.001

1From the Mann-Whitney U test. The values are the median (range). BMI: Body mass index; APRI: Aspartate aminotransferase to platelet ratio index; MRE:
Magnetic resonance elastography; MRI: Magnetic resonance imaging.

0.027) and spleen MRE values (median 12.0 kPa vs 8.4 kPa, P = 0.013) were found to be
significantly higher in patients with varices. However, the liver MRE values did not
differ between these groups (median 3.7 kPa vs 3.3 kPa, P = 0.541).

When the groups were compared according to the varices grade, only the APRI
(median 0.40, 1.10 and 3.72 for grades 0, 1 and 2; P = 0.029) and spleen MRE values
(median 8.4, 12.2 and 12.0 for grades 0, 1 and 2; P = 0.045) differed among the different
grade groups (Figure 1). However, the spleen size (P = 0.183) and spleen size ratio (P
= 0.084) did not differ in this comparison. In the correlation analysis between the
measurement variables and varices grades, the APRI (τ = 0.477, P = 0.007), spleen size
ratio (τ = 0.401, P = 0.024) and spleen MRE values (τ = 0.426, P = 0.016) correlated with
the varices grade (Figure 2).

Table 4 summarizes the diagnostic performance of the APRI, spleen size ratio and
spleen  MRE  values.  The  APRI  had  100%  sensitivity  and  75.0%  specificity  for
predicting varices when a cut-off value of 0.65 was used (AUC = 0.844). The cut-off
value for the spleen size ratio was 1.08, with 83.3% sensitivity and 75.0% specificity
(AUC = 0.813). The AUC of the spleen MRE values in predicting varices was 0.844 at a
cut-off value of 9.9 kPa. When the AUCs of these three methods were compared, the
diagnostic performance was not found to differ among them (Figure 3).

DISCUSSION
The results of our study indicate that spleen MRE values can predict gastroesophageal
varices as well as the APRI and spleen size ratio in biliary atresia patients after the
Kasai operation. However, liver MRE values did not differ between patients with and
without portal hypertension and patients with and without varices. These results are
in good agreement with a previous study in adults, which also demonstrated that
splenic stiffness values were superior to hepatic stiffness values for identifying the
presence of varices in patients with chronic liver disease[26].

One of the major complications of biliary atresia is the development of PHT. Often,
PHT is defined by the development of complications,  or by endoscopic findings.
However, surveillance endoscopy of children with cirrhosis is not undertaken by
many  pediatric  gastroenterologists [21].  Therefore,  a  clinically  accessible  and
reproducible  modality  for  surveillance  is  required.  Monitoring  the  APRI  or
splenomegaly can be an easy way for clinicians to predict liver cirrhosis. In 2011,
Chongsrisawat et al[27] demonstrated that the APRI (at a cut-off value of 1.92) had 84%
sensitivity and 83% specificity for predicting varices in 73 biliary atresia patients after
operation. They also found that splenomegaly had high sensitivity and specificity
(92% and 85%, respectively). Another study revealed that the APRI (r = 0.5, P < 0.001)
and spleen size (r = 0.38, P < 0.001) correlated with portal venous pressure in Kasai
patients, but had limitations as prognostic factors for variceal development[28]. The
APRI (at a cut-off value of 0.6) also had greater predictive accuracy than liver stiffness
measurements  for  esophageal  varices  in  pediatric  patients  with  various  liver
diseases[29]. Our study also demonstrated the high diagnostic performance of the APRI
and spleen size ratio for predicting gastroesophageal varices in biliary atresia patients.
However, the APRI is an indirect method of evaluating portal hypertension, and a
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Table 2  Characteristics of biliary atresia patients with and without portal hypertension

With PHT (n = 11) Without PHT (n = 11) P value1

Clinical and laboratory findings Age (yr) 10.0 (7.0-18.0) 10.0 (4.0-15.0) 0.797

BMI (kg/m2) 16.6 (15.1-25.6) 17.4 (14.8-29.9) 0.797

APRI 1.17 (0.47-5.00) 0.30 (0.18-1.82) < 0.001

Liver MRI findings Spleen size (cm) 14.6 (10.9-19.0) 9.6 (7.1-12.1) < 0.001

Spleen size ratio 1.30 (0.97-1.73) 0.91 (0.63-1.06) < 0.001

Liver fat fraction (%) 3.0 (1.6-7.0) 2.0 (1.0-18.0) 0.300

Liver T2* value (msec) 22.5 (15.0-38.8) 24.1 (17.5-64.1) 0.654

Liver MRE value (kPa) 3.7 (2.9-6.0) 3.1 (2.5-5.7) 0.056

Spleen MRE value (kPa) 11.1 (7.1-17.8) 7.6 (5.0-9.6) < 0.001

1From the Mann-Whitney U test. The values are the median (range). BMI: Body mass index; APRI: Aspartate aminotransferase to platelet ratio index; MRE:
Magnetic resonance elastography; MRI: Magnetic resonance imaging; PHT: Portal hypertension.

wide range of cut-off values were reported in the previous studies. Furthermore, to
obtain the spleen size ratio, precise anatomical imaging is essential.

Several quantitative elastography technologies using ultrasound such as transient
elastography (TE), acoustic radiation force impulse (ARFI) imaging and supersonic
shear wave elastography (SSWE) have been used to evaluate liver fibrosis in pediatric
patients  and  showed  good  correlation  between  liver  fibrosis  and  elastographic
values[30-32]. However, TE has many pitfalls such as more technical failures in children
and inability to avoid other structures such as liver vessels and bile ducts[33]. Unlike
TE, real-time elastographic methods such as ARFI and SSWE have been integrated to
conventional  diagnostic  ultrasound.  However,  ARFI  cannot  produce a  real-time
quantitative map of liver tissue stiffness, and only a few studies have been performed
in children to predict liver fibrosis using SSWE[31,34]. In our study, we performed short
liver MRI, including an anatomical sequence and MRE, which could be completed in
less than 15 min and did not require sedation. This allowed us to perform a minimal
and noninvasive study to evaluate the status of the liver and combined complications
during follow-up in patients with biliary atresia after the Kasai operation. We could
not only measure spleen size, evaluate anatomical lesions such as morphological
cirrhosis and identify biliary complications such as bile cysts or masses, but also
perform a functional evaluation using hepatic and splenic stiffness measurements.
The spleen size ratio measured from MRI images and spleen MRE values had a good
diagnostic performance for predicting gastroesophageal varices in children. However,
liver MRE values were not useful for this purpose.

In previous studies, hepatic fibrosis has been found to correlate with liver MRE
values in adult  patients[35]  and children[36].  However,  although liver  MRE values
appear to be a reliable surrogate for liver biopsies in identifying hepatic fibrosis, the
pathophysiological  basis  for  their  correlation with PHT remains poorly defined.
Hepatic stiffness can reflect  increased intrahepatic vascular resistance caused by
anatomical changes, but it is not likely to be sensitive to changes in portal pressure
due to functional vascular changes[37]. Our study revealed no difference in liver MRE
values between patients with and without PHT or gastroesophageal varices.

This is the first report of spleen MRE values in children. We obtained spleen MRE
values  during  routine  liver  MRI  with  the  driver  placed on  the  right  side  of  the
abdomen. The normal range of spleen MRE values in our control group (aged 9-18
years) was 4.7-6.4 kPa, with a median of 5.5 kPa. In a previous study in which a 1.5T
MRI system was used, the mean spleen MRE value in healthy adult volunteers was
3.6 kPa (ranging from 2.4 to 4.4 kPa) with the driver placed on the right side of the
abdomen, and 4.3 kPa (ranging from 3.2 to 5.6 kPa) with the driver on the left side of
the abdomen[38]. This indicates that the location of the driver can affect the stiffness
value, and this factor needs to be considered when results are interpreted in each
clinic.

Our  study also  demonstrated the  clinical  usefulness  of  spleen MRE values  in
pediatric patients with biliary atresia. Spleen MRE values were higher in patients with
portal hypertension than in patients without (median 11.1 kPa vs 7.6 kPa, P < 0.001)
and in patients with gastroesophageal varices than in patients without (median 12.0
kPa vs  8.4  kPa,  P  =  0.013).  The diagnostic  performance of  spleen MRE values in
predicting gastroesophageal varices was comparable to that of the APRI and spleen
size ratio. Therefore, clinicians may start gastroesophageal endoscopy in patients with
spleen MRE values above the cut-off value of 9.9 kPa. Moreover, spleen MRE values
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Table 3  Characteristics of biliary atresia patients with and without gastroesophageal varices

With varices (n = 6) Without varices (n = 16) P value1

Clinical and laboratory findings Age (yr) 9.0 (7.0-11.0) 10.0 (4.0-18.0) 0.203

BMI (kg/m2) 17.1 (15.3-25.6) 17.1 (14.8-29.9) 0.914

APRI 1.21 (0.83-5.00) 0.40 (0.18-3.39) 0.013

Liver MRI findings Spleen size (cm) 14.1 (10.9-17.2) 11.1 (7.1-19.0) 0.070

Spleen size ratio 1.33 (0.97-1.52) 0.95 (0.63-1.73) 0.027

Liver fat fraction (%) 3.0 (2.2-7.0) 2.8 (1.0-18.0) 0.294

Liver T2* value (msec) 24.7 (15.0-38.8) 23.5 (17.2-64.1) 0.791

Liver MRE value (kPa) 3.7 (2.9-4.6) 3.3 (2.5-6.0) 0.541

Spleen MRE value (kPa) 12.0 (7.1-17.8) 8.4 (5.0-11.4) 0.013

1From the Mann-Whitney U test. The values are the median (range). BMI: Body mass index; APRI: Aspartate aminotransferase to platelet ratio index; MRE:
Magnetic resonance elastography; MRI: Magnetic resonance imaging.

were different at different varices grades, even though the number of patients in each
grade was small (four in grade 1 and two in grade 2). Thus, clinicians can use this
method to monitor PHT noninvasively.

Although  our  experience  suggests  that  liver  MRI  including  spleen  MRE  is  a
promising tool for assessing biliary atresia patients after the Kasai operation, there are
some limitations to this study. First, this was a retrospective study with a limited
number  of  patients  in  a  single  center.  Also,  we  lacked  portal  venous  pressure
measurements with hepatic venous pressure gradients. At our institution, hepatic
venous pressure measurements are not performed in routine practice for patients with
biliary  atresia  after  the  Kasai  operation,  and  we  did  not  perform an  additional
invasive procedure for this retrospective analysis. A future study with a large number
of patients involving multiple institutions should be considered. Second, there were
varying time intervals between gastroesophageal endoscopy and MRE, even though
most patients were stable during follow-up. Third, we could not control other factors
that can influence hepatic elasticity, since hepatic stiffness reflects not only fibrosis,
but also inflammation. Despite these limitations, our study suggests the clinical utility
of spleen MRE in pediatric patients with biliary atresia. A further study with a large
number of patients with variable varices grades is needed to validate these results.

In conclusion, the median value of normal spleen MRE was 5.5 kPa in children,
with a maximum of 6.4 kPa. Spleen MRE values predicted gastroesophageal varices at
a  cut-off  of  9.9  kPa in  biliary  atresia  patients  after  the  Kasai  operation,  and the
diagnostic performance was comparable to that of the APRI and the spleen size ratio.
However,  liver  MRE values  did not  differ  in  patients  with  and without  PHT or
gastroesophageal varices.
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Table 4  Diagnostic performance in assessing the presence of gastroesophageal varices

Parameter AUC 95%CI Cut-off value Sensitivity (%) Specificity (%)

APRI 0.844 0.627-0.961 > 0.65 100.0 75.0

Spleen size ratio 0.813 0.591-0.945 > 1.08 83.3 75.0

Spleen MRE (kPa) 0.844 0.627-0.961 > 9.9 83.3 81.3

APRI: Aspartate aminotransferase to platelet ratio index; MRE: Magnetic resonance elastography; AUC: Area under the curve.

Figure 1

Figure 1  Box-and-whisker plots for the comparison of varices grades. The graphs are shown for (A) the aspartate aminotransferase to platelet ratio index (APRI)
and (B) spleen magnetic resonance elastography (MRE) values according to the grade of gastroesophageal varices. Among the different varices grades, there were
significant differences in the APRI (P = 0.029) and spleen MRE values (P = 0.045), but not in the spleen size ratio (P = 0.084) or liver MRE values (P = 0.795). MRE:
Magnetic resonance elastography; APRI: Aspartate aminotransferase to platelet ratio index.

Figure 2

Figure 2  Liver magnetic resonance imaging of biliary atresia patients with different varices grades. Liver magnetic resonance imaging images are shown from
three respective patients with grade 0 (first row), grade 1 (second row) and grade 2 (third row) gastroesophageal varices, including (A) axial single-shot fast spin-echo
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T2-weighted images, (B) magnitude images and (C) post-processed shear stiffness maps with color-coded elastograms from 0 to 20 kPa. The elastograms display the
progressively increasing splenic stiffness in these patients.

Figure 3

Figure 3  Comparison of area under the curve analyses for predicting varices. The area under the curve was 0.844 for the aspartate aminotransferase to platelet
ratio index (cut-off, 0.65), 0.813 for the spleen size ratio (cut-off, 1.08) and 0.844 for the spleen magnetic resonance elastography values (cut-off, 9.9 kPa) for
predicting gastroesophageal varices. The diagnostic performance did not differ among these three methods. APRI: Aspartate aminotransferase to platelet ratio index.

ARTICLE HIGHLIGHTS
Research background
Biliary atresia patients have high chance of disease progression to liver fibrosis even after Kasai
operation. Therefore, regular long-term monitoring is required to early diagnose liver cirrhosis
and portal hypertension. The primary aim of this study was to evaluate the utility of magnetic
resonance elastography (MRE) for hepatic and splenic stiffness assessments to evaluate portal
hypertension in pediatric patients with biliary atresia after the Kasai operation.

Research motivation
Hepatic  fibrosis  has  been found to  correlate  with  liver  MRE values  in  adult  and children.
However, there is little discussion about the relationship between spleen stiffness measurement
by MRE and portal hypertension in children.

Research objectives
This  study  analyzed  the  role  of  spleen  MRE  values  in  biliary  atresia  patients  after  Kasai
operation with portal hypertension.

Research methods
We retrospectively reviewed abdominal MRE images in pediatric patients. Patients who had
undergone Kasai operations for biliary atresia were selected for the Kasai group, and patients
with normal livers and spleens were selected for the control group. Hepatic and splenic stiffness
values were measured by MRE. Aspartate aminotransferase to platelet ratio index (APRI) from
laboratory results and the normalized spleen size ratio were calculated. These parameters were
compared between the Kasai group and the control group, and also among the Kasai group
patients depending on the existence of portal hypertension or gastroesophageal varices.

Research results
The median spleen MRE value was 5.5 kPa in the control group and 8.6 kPa in the Kasai group.
In the Kasai group, the APRI, spleen size ratio and spleen MRE values were higher in patients
with portal hypertension and in patients with gastroesophageal varices, even though their liver
MRE  values  were  not  different.  The  APRI,  spleen  size  ratio  and  spleen  MRE  values  also
correlated with varices grades. The AUC in predicting gastroesophageal varices was 0.844 at a
cut-off of 0.65 for the APRI, and 0.844 at a cut-off of 9.9 kPa for spleen MRE values.

Research conclusions
Spleen MRE values were useful for evaluating portal hypertension and gastroesophageal varices
in biliary atresia patients after Kasai operation.  At a cut-off  of  9.9 kPa,  spleen MRE values
predicted gastroesophageal varices as well as the APRI and spleen size ratio. However, liver
MRE values did not differ in patients with and without portal hypertension or gastroesophageal
varices.  Spleen  MRE  values  may  help  screen  out  high-risk  patients  early  and  administer
adequate interventions during follow up.

Research perspectives
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For biliary atresia patients after Kasai operation, spleen MRE values can be used to evaluate
portal hypertension and gastroesophageal varices without invasive monitoring. The results of
this study, needs to be verified by a large sample size study with multiple institutions.
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