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Abstract

Background Magnetic resonance elastography (MRE) has been used to stage liver fibrosis in adults. We aimed

to assess the agreement between the Ishak scoring system and magnetic resonance elastography-measured liver
stiffness (MRE-LS) in children. This study included all the children who underwent abdominal MRE and liver biopsies
between February 2018 and January 2021. The correlation between MRE-LS and Ishak fibrosis stage, MRE parameters,
and clinical and biochemical markers affecting this relationship was investigated.

Results A total of 52 patients (31 male; a median age of 11.8 years) were included in the study. The MRE-LS values
were significantly different between Ishak fibrosis stages (p =0.036). With a cut-off value of 2.97 kilopascals, MRE-LS
had sensitivity, specificity, PPV, NPV and accuracy values of 90.9%, 82.9%, 58.8%, 97.1%, and 84.6%, respectively, for
differentiating mild/moderate fibrosis (FO, 1, 2, 3) from severe fibrosis (F > 4). Although MRE-LS was moderately cor-
related with Ishak fibrosis score and histological activity index and weakly correlated with aspartate aminotransferase,
hepatic steatosis, and R2*, only Ishak fibrosis score was a significant predictor of MRE-LS. MRE-measured spleen stiff-
ness was weakly correlated with the Ishak fibrosis score.

Conclusions MRE has high sensitivity and specificity for evaluating liver fibrosis in children. MRE may be used to
evaluate liver fibrosis in pediatric patients.

Key points

1. MRE has high sensitivity and specificity in evaluating liver fibrosis in children.
2. MRE-LS is significantly correlated with histological Ishak fibrosis stage.

3. Comparing to other parameters, only MRE-LS is a predictor of fibrosis stage.
4. In the future, MRE may replace biopsy to evaluate liver fibrosis.
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Background

Liver biopsy is considered the gold standard to assess the
presence and severity of fibrosis and may provide use-
ful information about the underlying etiology of chronic
liver disease (CLD). However, complications, such as
bleeding and organ damage, are possible. Moreover, only
a small portion of the liver can be sampled with a liver
biopsy. As a result, the sample size and distribution of the
disease throughout the liver parenchyma can affect diag-
nostic accuracy. Interobserver variability is another limi-
tation of histological assessment [1]. For these reasons,
non-invasive methods have been researched and used
with increasing frequency to assess the degree of liver
fibrosis [2]. Ultrasound-based elastography and magnetic
resonance elastography (MRE) represent larger liver sam-
ples and may provide a more accurate assessment of liver
fibrosis. Ultrasound-based elastography relies more on
operator skill and can be unreliable in obese patients or
patients with ascites [3, 4]. MRE is more accurate than
ultrasound-based elastography in identifying liver fibro-
sis in adults [5-8]. Although ultrasound-based elastogra-
phy has been used as a non-invasive tool for staging liver
fibrosis in children with CLD, only a few studies have
compared MRE with liver biopsy [4, 9, 10].

There are several histopathological liver fibrosis staging
systems, including the Metavir, Batts-Ludwig, Interna-
tional Association for the Study of the Liver, Knodell, and
Ishak (modified Knodell) fibrosis scores [11]. Except for
the Ishak scoring system, the others evaluate the severity
of fibrosis in five stages. Because it includes more stages
(0-6) and can clearly distinguish incomplete cirrhosis
from established cirrhosis, the Ishak fibrosis score has a
higher sensitivity for fibrosis assessment [11, 12].

Although studies have investigated the compatibility
of ultrasound-based elastography with the Ishak fibrosis
scoring system, no study has been performed with MRE.
The primary aim of this study was to evaluate the agree-
ment between the Ishak scoring system and MRE-meas-
ured liver stiffness (MRE-LS) for assessing the degree of
liver fibrosis. The secondary aims were to evaluate the
correlation between the Ishak scoring system and MRE-
measured spleen stiffness (MRE-SS) and the factors that
may affect liver stiffness measurement with MRE.

Methods

All children younger than 18 years who both under-
went abdominal MRE and liver biopsy between February
2018 and January 2021 at Hacettepe University Chil-
dren’s Hospital, Department of Pediatric Gastroenterol-
ogy, were included in the study. Ishak fibrosis score was
accepted as the gold standard for liver fibrosis assess-
ment, and the concordance of MRE-LS with Ishak fibro-
sis score was evaluated retrospectively. Age, sex, weight,
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height, body mass index (BMI), BMI Z-scores, alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) levels were recorded. The radiologist and patholo-
gist were blinded to the pathological and imaging data,
respectively. The histological fibrosis stage and activity
index (HAI) were determined for each biopsy specimen
according to the Ishak scoring system: 0, no fibrosis, 5
indicating incomplete cirrhosis, and 6, cirrhosis. The HAI
was graded from 0 to 18, with 0 indicating no necroin-
flammation and 18 indicating the highest possible score
for necroinflammation (minimal for 1-3, mild for 4-8,
moderate for 9-12, and severe for 13—-18 points) [11].
Alanine aminotransferase and AST levels>40 IU/L were
considered as high.

Magnetic resonance imaging was performed using a
1.5-T MR system (Magnetom Aera®, Siemens Health-
care, Erlangen, Germany) and a 30-channel phased-array
body coil. The parameters of the MRE were as follows:
TR/TE, 50 ms/21.41 ms, flip angle 25°, section thickness
50 mm, and field of view 350 x 350 mm? with a passive
driver frequency of 60 Hz. T1, T2, and T2* mapping were
also performed. Corrected T1 (cT1) relaxation values
were calculated using the formula “T1 —420+420 x T2*”
over T2* values (13).

Regions of interests (ROIs) were drawn as geographic
areas guided by the magnitude image to include the liver
parenchyma while excluding major vessels using a work-
station (Syngo. via VB10; Siemens Medical Solutions).
ROIs were copied to the stiffness maps and corrected
according to confidence map images. MRE-LS and MRE-
SS were calculated by averaging the stiffness obtained
from each slice of the MRE sequence. T1 relaxation, T2
relaxation, and T2* values were obtained from the corre-
sponding map images with a large freehand ROI, exclud-
ing lesions, large vessels, liver margins, and artefacts
from the right lobe of the liver. Hepatic steatosis was
also measured and defined as 5% or more fat of hepato-
cytes:<5% no steatosis, 5-33% score 1, 34—66% score 2,
and > 66% score 3 (7).

The Institutional Ethics Committee approved the study.

Statistical analysis
An experienced faculty biostatistician performed the sta-
tistical analyses using SPSS for Windows Version 22.0
statistical package (Chicago, IL). Continuous variables
were summarized as mean=standard deviation when
normally distributed or median (25-75th percentiles;
interquartile range-IQR) when they did not follow a nor-
mal distribution. Categorical variables are presented as
frequencies and percentages.

Mann-Whitney U test and Kruskal-Wallis test were
used to compare differences between two and more than
two independent groups, respectively. The patients were
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divided into two groups according to the Ishak fibrosis
score: Group 1, no fibrosis or moderate fibrosis (FO, 1, 2,
3) and Group 2, severe fibrosis or cirrhosis (F4, 5, 6).

The correlation between continuous and ordinal vari-
ables was determined using the Spearman correlation
coefficient (95% confidence interval [CI]). The chi-square
test or Fisher’s exact test was used to compare frequen-
cies or proportions between groups.

Correlations between MRE-LS and MRE-SS, T1, T2,
T2* cT1, R2* HAI, liver fat content, AST value, BMI
Z-scores, and Ishak fibrosis stages were calculated. Cor-
relation strength of 0-0.20 was considered very weak;
0.21-0.40 weak; 0.41-0.60 moderate; 0.61-0.80 strong,
and 0.8— <1.00 very strong. The effect of the variables
correlated with MRE-LS and MRE-SS on the relation-
ship between Ishak stages and MRE-LS, or MRE-SS, was
tested using partial correlation. Additionally, the signifi-
cance of the variables correlated with MRE-LS or MRE-
SS for liver or spleen stiffness was tested using multiple
linear regression analysis.

Receiver operating characteristic (ROC) curve analy-
ses were performed to detect the optimal cut-off values
and area under the ROC curve (AUROC) for liver stiff-
ness and spleen stiffness. Cut-off values were determined
using the highest Youden index. Sensitivity, specific-
ity, positive predictive value (PPV), negative predictive
value (NPV), and total accuracy were calculated at these
cut-off points. The significance value was set at a two-
tailed p-value of <0.05.

Results

All continuous variables, except the BMI Z-scores, fol-
lowed an abnormal distribution. A total of 52 patients, 31
male (59.6%) were included in the study. The majority of
the biopsies were done for diagnosis of liver disease etiol-
ogy. The median age was 11.8 years (IQR 8.0-15.6). The
median time between MRE and liver biopsy was one day
(IQR 0.0-2.0). Table 1 shows the patients’ demographic
and clinical characteristics.

MRE-SS could not be obtained from three patients as
insufficient spleen parenchyma was included in the MR
elastography images. Liver fat content and R2* could
not be obtained from one patient as a result of obvi-
ous motion artifacts. MRE-LS values (kilopascal-kPa)
were significantly different between Ishak fibrosis stages
(p=0.036), while MRE-SS values did not differ between
fibrosis stages (p=0.712). Liver stiffness on MRE
was significantly higher in Group 2 than in Group 1
(3.99+£1.05 kPa vs. 2.50+0.64, p<0.001). Although sta-
tistically insignificant, spleen stiffness was also higher in
Group 2 (6.26 +4.25 kPa vs. 3.70 £ 2.01 kPa, p=0.065).

MRE-LS and spleen stiffness were weakly corre-
lated (ry=0.297, p=0.038). MRE-LS was moderately
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Table 1 Patient demographics and characteristics

Sex
Male 31 (59.6%)
Female 21 (40.4%)
Age (y)
Median (25-75%) 11.8 (8.0-15.6)
Time interval between
MRI and liver biopsy, day, median (25-75%) 1(0-2)
BMI Z-score, mean = SD (range) 0.192141.4983
(=329 — +3.90)
> 42 n (%) 6 (11.5%)
<—2n (%) 2 (3.8%)
Etiology of the liver disease—no. (%)
Chronic hepatitis of uncertain etiology 14 (26.9%)
Autoimmune hepatitis 9 (17.3%)
Chronic viral hepatitis 7 (13.5%)
Genetic/metabolic disorders 7 (13.5%)
Cirrhosis of different etiology 5(9.6%)
Others 10 (19.2%)
Ishak fibrosis stages, median (25-75%) 2.0(1.0-3.0)
Stage
0 3 (5.8%)
1 15 (28.8%)
2 10 (19.2%)
3 13 (25.0%)
4 6 (11.5%)
5 1(1.9%)

6 4.(7.7%)
Histologic activity index, median (25-75%) 3.0 (2.0-5.0)
No 1(1.9%)
Minimal (1-3 points) 28 (53.8%)
Mild (4-8 points) 19 (36.5%)
Moderate (9-12 points) 4(7.7%)

Severe (13-18 points) 0 (0%)

Fat/steatosis (n=>51), median (25-75%)

2.9(2.2-10.9%)

0 (< 5%) 35 (67.3%)
1(5-33%) 15 (28.8%)
2 (34-66%) 1(1.9%)
3 (>66%) 0 (0.0%)

ALT IU/L, median (25-75%) 69.5(31.0-176.3)
>40 1U/L (%) 36 (69.2%)

AST IU/L, median (25-75%)
>40 1U/L (%)

79.0 (32.5-183.75)
35(67.3%)

correlated with the Ishak fibrosis score (r=0.553,
p<0.001) and HAI (r=0.406, p=0.003), and weakly
correlated with AST (r=0.364, p=0.008), steatosis
(r=-0.330, p=0.018), and R2* (r=-0.326, p=0.02).
The abnormal AST and higher HAI grade proportions
were significantly higher in patients with higher Ishak
fibrosis scores (p=0.004 and p =0.01, respectively). Only
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Ishak fibrosis score was a significant predictor of MRE-LS
values in the multiple linear regression analysis. MRE-SS
values were weakly correlated with Ishak fibrosis scores
(r=0.357, p=0.012) (Additional file 1). After control-
ling for the effects of HAIL hepatic steatosis, AST level,
and R2* the strength and direction of the relationship
between MRE-LS and Ishak fibrosis stage did not change
(r=0.496, p<0.001). In contrast, the correlation strength
between MRE-SS and Ishak fibrosis stages increased
(r=0.452, p=0.002).

The diagnostic cut-off values of liver stiffness and
spleen stiffness on MRE to differentiate each liver fibrosis
stage (FO vs. F1-6, FO-1 vs. F2-6, FO-3 vs. F4—6, FO—4
vs. F5-6, and FO-5 vs. F6) are given in Table 2. With a
cut-off value of 2.65 kPa, the AUC was 0.633 (p=0.302),
and its sensitivity, specificity, PPV, NPV, and accuracy for
differentiating no fibrosis from any fibrosis were 40.8%,
100%, 100%, 9.4%, and 44.2%, respectively. The same
parameters for spleen stiffness were 0.638 (p=0.526),
100%, 33.3%, 95.8%, 100%, and 95.9%, respectively. When
no fibrosis-minimal fibrosis (FO-1) was compared with
a higher degree of fibrosis (F>2), with a cut-off value
of 2.14 kPa, the AUC was 0.760 (p=0.003), and its sen-
sitivity, specificity, PPV, NPV, and accuracy were 91.4%,
58.8%, 82.1%, 76.9%, and 80.8%, respectively (Fig. 1.
Receiver operating characteristic curve for differentia-
tion of Ishak stage 0—1 from stage 2 or higher). The same
parameters for spleen stiffness were 64.2% (p=0.112),
73.5%, 53.3%, 78.1%, 47.1%, and 67.3%, respectively.

When comparing Groups 1 and 2, with a cut-off value
of 2.97 kPa for the liver, the AUC was 0.905 (p<0.001),
and the sensitivity, specificity, PPV, NPV, and accuracy
were 90.9%, 82.9%, 58.8%, 97.1%, and 84.6%, respectively
[Fig. 2. Receiver operating characteristic curve for differ-
entiation of Group 1 (Ishak stage 0—1-2-3) from Group
2 (Ishak stage 4-5-6)]. With a cut-off value of 6.26 kPa
for MRE-SS, the AUC, sensitivity, specificity, PPV, NPV,
and accuracy for differentiating the same groups were
0.684 (p=0.083), 45.5%, 94.7%, 71.4%, 85.7%, and 83.7%,
respectively. The AUC values for T1, T2, T2*% and cT1
were not statistically significant.

When patients were divided into two groups with
fibrosis stages 0—1-2-3—-4 and 5-6 (cirrhosis) accord-
ing to the Ishak scoring system, with a cut-off value of
3.15 kPa for the liver, the AUC was 0.898 (p<0.001)
and its sensitivity, specificity, PPV, NPV, and accuracy
were 100.0%, 80.9%, 35.7%, 100.0%, and 82.7%, respec-
tively. With a cut-off value of 8.26 kPa for spleen, AUC
was 0.825 (p=0.002), and its sensitivity, specificity, PPV,
NPV, and accuracy were 60.0%, 97.7%, 75.0%, 95.6%, and
93.9%, respectively. The AUC values for T1, T2, T2* and
cT1 were not statistically significant. However, there were
only five patients in the second group.
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Only six patients had a BMI Z-score of> +2. Those
with a BMI Z-score> +2 had a higher liver fat ratio
of>5% (hepatic steatosis) than those with a BMI
Z-score<2 (p=0.047), and the median liver fat ratio
(2.7% vs. 17.6%, p=0.012) and median R2* value (25.3
vs 30.6 kPa, p=0.009) were higher in obese patients. The
other variables, including MRE-LS and MRE-SS, were
not significantly different between the two groups. Nev-
ertheless, there were no obese patients with Ishak fibrosis
stage > 4.

Discussion

MRE has a very high NPV for distinguishing between
mild/moderate fibrosis (FO, 1, 2, 3) and severe fibrosis
(F>4). It can be concluded that children without fibro-
sis in MRE are less likely to have significant liver fibrosis,
and in these children, liver biopsy may not be performed
solely to evaluate liver fibrosis. In addition, MRE had
100% sensitivity and 80.8% specificity with a liver stiffness
cut-off of 3.15 kPa for detecting Ishak stages 5-6 (incom-
plete and probable or definite cirrhosis) fibrosis (Table 2).

Only the Ishak fibrosis score was a significant predictor
of MRE-LS when all clinical and laboratory parameters
were evaluated. These results agree with previous stud-
ies reporting that both liver and spleen stiffness correlate
with the degree of liver fibrosis [13].

Although we showed that MRE-SS increased as the
stage of Ishak fibrosis increased, the findings were not as
significant as those in liver measurements. Using a spleen
stiffness cut-off of 6.26 kPa, the AUC for detecting Ishak
stages 4—5-6 fibrosis was 0.684 (Table 2).

The value of normal MRE-LS in children is controver-
sial. While normal liver stiffness values were shown to be
lower [14] or similar [15] in children compared to adults,
a recent study with healthy children aged between 8 and
17 years showed that mean liver stiffness was significantly
higher than reported values for healthy adults (p <0.001)
[16]. In our study, the number of patients with no fibrosis
is only three. When the patients with no fibrosis-minimal
fibrosis (FO—1) were compared with those with F > 2, with
a cut-off value of 2.14 kPa, the AUC was 76% (p<0.001),
and its sensitivity and specificity were 91.4% and 58.8%,
respectively. More studies are needed to clarify normal
liver stiffness values in healthy children.

In a study involving 68 children aged 2-12 years with
various CLD [17], it was found that shear wave speed
(SWS) was significantly higher in patients with F4-6
fibrosis than in those with FO-3 fibrosis (p=0.02). Simi-
lar to our study, there was no correlation between BMI
and liver stiffness (p=0.849), and the fibrosis stage was
the only significant predictor of SWS. In 2020, Dar-
danelli et al. [18] showed a good correlation between
two-dimensional (2D) shear wave elastography (SWE)
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Fig. 1 Receiver operating characteristic curve for differentiation of
Ishak stage 0-1 from stage 2 or higher. *Area Under Curve 0.760 (95%
C10.618-0.901) (p=0.003)

measurement and the Ishak fibrosis stage in 213 children
with CLD. They also showed that 2D SWE could differen-
tiate mild (F1-2) vs. moderate (F3—4) and severe (F5-6)
vs. milder fibrosis, with a sensitivity (and specificity) of
92% (86%) and 94% (90%), respectively. Similar to these
studies, MRE-LS and MRE-SS correlated with the liver
fibrosis stage, and the liver fibrosis stage was the only
predictor of MRE-LS in our study.

MRE is capable to evaluate the whole liver in a short
acquisition time in comparison with US elastography.
Moreover, MRE is less operator dependent than US elas-
tography and repeatable for the diagnosis and quanti-
tative staging of liver fibrosis [19]. It is also shown that
MRE has the highest accuracy for stage 4 fibrosis (cirrho-
sis, Brunt grading system for liver fibrosis) detection and
intra-inter observer reproducibility [20].

Studies evaluating the agreement between histologi-
cal fibrosis stages, especially with the Ishak scoring sys-
tem and MRE-LS in children, are still scarce. The first
study evaluating liver fibrosis with MRE was published
by Binkovitz et al. in 2012 in seven children with various
CLD [21]. They reported that the presence or absence of
liver fibrosis was demonstrated with MRE with a sensitiv-
ity of 98% and specificity of 99%, with a normal cut-off
value of <2.93 kPa.

In a study comparing six cystic fibrosis patients with
cirrhosis (age range 7—44 years) and four healthy indi-
viduals, a cut-off value of >3.38 kPa was both 100% sen-
sitive and specific for distinguishing cirrhosis (32). The
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Fig. 2 Receiver operating characteristic curve for differentiation
of Group 1 (Ishak stage 0-1-2-3) from Group 2 (Ishak stage 4-5-6).
*Area Under Curve 0.905 (95% Cl 0.814-0.996) (p <0.001)

correlation between fibrosis stage and MRE measure-
ments has not been reported in these studies.

In previous studies comparing MRE and liver biopsy in
children [4, 9, 10], fibrosis was staged as 0—4, with 4 indi-
cating cirrhosis. To the best of our knowledge, our study
is the first to compare MRE-LS with Ishak score to evalu-
ate liver fibrosis in pediatric patients. In addition, the
time between MRE and liver biopsy was shorter than that
reported in previous studies.

Similar to our study, in their prospective, exploratory
study, Gharib et al. [22] showed a significant correlation
between MRE-LS values and the Ishak fibrosis stage in 23
adult patients with HCV infection (r=0.71, p=0.004).
In a pilot study by Xanthakos et al. [10], liver fibrosis
was evaluated using MRE in 35 children (median age
13 years) with CLD. Twenty-seven of them had nonalco-
holic fatty liver disease (NAFLD) (22 with nonalcoholic
steatohepatitis [NASH]), and the remaining patients had
different CLD. The median time interval between scan
and biopsy was 1.5 months (IQR “—0.5” and 4 months).
Fibrosis was staged from 0 to 4. Although they did not
report the BMI Z-scores of the patients, the median BMI
percentile of the patients was 99.2, indicating severe obe-
sity. Similar to our study, they showed that liver stiffness
increased with advancing fibrosis stages. MRE had 88%
sensitivity and 85% specificity at a cut-off of 2.71 kPa for
detecting significant fibrosis (stages > 2) with an AUROC
of 0.92 (95% CI 0.79-1.00; =0.02). The markedly high
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BMI range and small sample size may be limitations of
that study.

In a two-center study by Schwimmer et al. (6), liver
fibrosis was evaluated using MRE in 87 children with
NAFLD (49 also had NASH) and 3 without NAFLD.
The mean age was 13.142.1 years, and 89 of them had a
BMI Z-score > 2. The severity of liver fibrosis was graded
from O to 4 as follows: no fibrosis (54 patients), stage 1
(27 patients), stage 2 (6 patients), stage 3 (5 patients),
and stage 4 (1 patient). Advanced fibrosis was defined as
a stage > 3. The median liver stiffness was 2.35 kPa, and
measurements similar to those in our study were signifi-
cantly correlated with the fibrosis stage (p<0.001). In an
automated analysis, MRE had 33.3% sensitivity, 90.5%
specificity, PPV 20.0%, NPV 95.0%, and total accuracy of
86.7% with a liver stiffness cut-off of 3.33 kPa for differen-
tiating advanced fibrosis [4].

Iron overload in the liver tissue is the most common
cause of technical failure in MRE. However, steatohepa-
titis, hepatic vascular congestion, cholestasis, amyloido-
sis, and fasting can also affect liver stiffness [6, 23, 24]. In
their study involving 81 children (6—18 years) with AIH,
Janowski et al. [25] showed that the degree of inflamma-
tion could affect MRE measurement, and iron-cT1, an
objective composite biomarker of fibro-inflammation,
may help counteract inflammation [25]. Baseline cT1
correlates with histological inflammation and fibrosis
in patients with AIH. In our study, neither T1 nor cT1
correlated with histological activity. Nevertheless, there
were only seven patients with AIH in our study, and the
HAI was quite low (median 3.0).

However, the influence of liver steatosis on liver stiff-
ness measurements is contradictory. There seems that fat
confounds MRE-LS values, particularly at the early stages
of fibrosis [6, 8, 9]. Trout et al. [9] evaluated liver stiffness
using MRE in 86 children (median age 14.2 years; range,
0.3-20.6 years) with a spectrum of liver diseases. They
evaluated liver fibrosis according to Ludwig stages (stage
0-4) and defined steatosis as the presence of lipid in > 5%
of hepatocytes. Fifty-one patients (59.3%) had Ludwig
stage > 2 fibrosis, and 44 patients (51.2%) had liver stea-
tosis. They found that steatosis significantly decreased
the ROC curve for Ludwig stage 0-1 vs.>2 (0.53 vs.
0.82, p=0.014). They concluded that MRE performs sig-
nificantly better for distinguishing the fibrosis stage in
patients without steatosis than in those with steatosis.
In our study, 67.3% of the patients had no steatosis, and
there was only one patient with grade 2 steatosis. Stea-
tosis was weakly negatively correlated with MRE meas-
urement, and its effect disappeared when evaluating with
the other confounding variables. Therefore, we could not
compare our results with those reported by Trout et al.
[9].
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Our study is not without limitations. The most impor-
tant limitations of our study are the variety of liver dis-
eases and the small number of patients without fibrosis
(F0) and with severe (F4—6) fibrosis. The degree, pattern,
distribution, and extent of fibrosis can vary depending on
the etiology of CLD, and thresholds used to determine
the degree of fibrosis may also vary depending on the
etiology [26, 27]. Therefore, studies with more patients
should evaluate the agreement of MRE and the Ishak
scoring system in different etiologies.

Conclusion

MRE has high sensitivity and specificity for evaluating
liver fibrosis in children. MRE may be used to evaluate
liver fibrosis in children instead of liver biopsy. To the
best of our knowledge, our study is the first to compare
MRE-LS with Ishak score to evaluate liver fibrosis in
pediatric patients.

Abbreviations

2D Two-dimensional

ALT Alanine aminotransferase

AST Aspartate aminotransferase

AUROC Area under the ROC curve

BMI Body mass index

@] Confidence interval

CLD Chronic liver disease

cl Corrected T1

HAI Histological fibrosis stage and activity index
kPa Kilopascal

MRE Magnetic resonance elastography

MRE-LS Magnetic resonance elastography-measured liver stiffness
MRE-SS Magnetic resonance elastography-measured spleen stiffness
NAFLD Nonalcoholic fatty liver disease

NASH Nonalcoholic steatohepatitis

NPV Negative predictive value

PPV Positive predictive value

ROC Receiver operating characteristic

ROI Region of interest

SWE Shear wave elastography

SWS Shear wave speed

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513244-023-01390-0.

Additional file 1. Correlations between MRE-measured liver and spleen
stiffness and clinical, laboratory and other MRE parameters

Author contributions

EU, MK, MH, DO, DD, and HO planned the study. DD, EU, MAG, MSB, and HO
collected the data. ISi and ZA interpreted radiological and pathological data,
respectively. SK performed the statistical analyses. DD and HO drafted the
manuscript. All authors read and approved the final manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.


https://doi.org/10.1186/s13244-023-01390-0
https://doi.org/10.1186/s13244-023-01390-0

Demirtas et al. Insights into Imaging (2023) 14:39

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study has been approved by Hacettepe University Clinical Research
Ethics Committee and has therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki and its later
amendments.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

"Division of Pediatric Gastroenterology, Hepatology and Nutrition, Faculty

of Medicine, Hacettepe University, Ankara, Turkey. “Department of Radiol-
ogy, Faculty of Medicine, Hacettepe University, Ankara, Turkey. >Department
of Pediatric Pathology, Faculty of Medicine, Hacettepe University, Ankara,
Turkey. “Department of Biostatistics, Faculty of Medicine, Hacettepe University,
Ankara, Turkey.

Received: 10 December 2022 Accepted: 10 February 2023
Published online: 28 February 2023

References

1. ShortSS, Papillon S, Hunter CJ et al (2013) Percutaneous liver biopsy:
pathologic diagnosis and complications in children. J Pediatr Gastroen-
terol Nutr 57:644-648. https://doi.org/10.1097/MPG.0b013e3182a0e0d8

2. Czul F, Bhamidimarri KR (2016) Noninvasive markers to assess liver fibrosis.

J Clin Gastroenterol 50:445-457. https://doi.org/10.1097/mcg.00000
00000000534

3. De LédinghenV, Vergniol J, Foucher J et al (2010) Feasibility of liver tran-
sient elastography with FibroScan using a new probe for obese patients.
Liver Int 30:1043-1048. https://doi.org/10.1111/j.1478-3231.2010.02258.x

4. Schwimmer JB, Behling C, Angeles JE et al (2017) Magnetic resonance
elastography measured shear stiffness as a biomarker of fibrosis in pedi-
atric nonalcoholic fatty liver disease. Hepatology 66:1474-1485. https://
doi.org/10.1002/hep.29241

5. Huwart L, Sempoux C, Vicaut E et al (2008) Magnetic resonance elas-
tography for the noninvasive staging of liver fibrosis. Gastroenterology
135:32-40. https://doi.org/10.1053/j.gastro.2008.03.076

6. Idilman IS, Li J, Yin M et al (2020) MR elastography of liver: current status
and future perspectives. Abdom Radiol (NY) 45:3444-3462. https://doi.
0rg/10.1007/500261-020-02656-7

7. Park CC, Nguyen P, Hernandez C et al (2017) Magnetic resonance
elastography versus transient elastography in detection of fibrosis and
noninvasive measurement of steatosis in patients with biopsy-proven
nonalcoholic fatty liver disease. Gastroenterology 152:598-607.592.
https://doi.org/10.1053/j.gastro.2016.10.026

8. UnalE, Idilman IS, Karcaaltincaba M (2017) Multiparametric or practical
quantitative liver MRI: towards millisecond, fat fraction, kilopascal and
function era. Expert Rev Gastroenterol Hepatol 11:167-182. https://doi.
org/10.1080/17474124.2017.1271710

9. Trout AT, Sheridan RM, Serai SD et al (2018) Diagnostic performance of
MR elastography for liver fibrosis in children and young adults with a
spectrum of liver diseases. Radiology 287:824-832. https://doi.org/10.
1148/radiol. 2018172099

10. Xanthakos SA, Podberesky DJ, Serai SD et al (2014) Use of magnetic
resonance elastography to assess hepatic fibrosis in children with chronic
liver disease. J Pediatr 164:186-188. https://doi.org/10.1016/jjpeds.2013.
07.050

Page 8 of 8

11. Goodman ZD (2007) Grading and staging systems for inflammation and
fibrosis in chronic liver diseases. J Hepatol 47:598-607. https://doi.org/10.
1016/jjhep.2007.07.006

12. Shiha G, Zalata K (2011) Ishak versus METAVIR: terminology, convertibility
and correlation with laboratory changes in chronic hepatitis C. Liver
biopsy 10:155-170

13. Cheng YW, Chang YC, Chen YL et al (2019) Feasibility of measuring spleen
stiffness with MR elastography and splenic volume to predict hepatic
fibrosis stage. PLoS One 14:0217876. https://doi.org/10.1371/journal.
pone.0217876

14. Etchell E, Jugé L, Hatt A et al (2017) Liver stiffness values are lower in
pediatric subjects than in adults and increase with age: a multifrequency
MR elastography study. Radiology 283:222-230. https://doi.org/10.1148/
radiol.2016160252

15. Trout AT, Anupindi SA, Gee MS et al (2020) Normal liver stiffness meas-
ured with MR elastography in children. Radiology 297:663-669. https://
doi.org/10.1148/radiol.2020201513

16. Sawh MC, Newton KP, Goyal NP et al (2020) Normal range for MR elastog-
raphy measured liver stiffness in children without liver disease. J Magn
Reson Imaging 51:919-927. https://doi.org/10.1002/jmri.26905

17. Ozkan MB, Bilgici MC, Eren E et al (2017) Role of point shear wave elas-
tography in the determination of the severity of fibrosis in pediatric liver
diseases with pathologic correlations. J Ultrasound Med 36:2337-2344.
https://doi.org/10.1002/jum.14277

18. Dardanelli EP, Orozco ME, Lostra J et al (2020) Bidimensional shear-wave
elastography for assessing liver fibrosis in children: a proposal of refer-
ence values that correlate with the histopathological Knodell-Ishak score.
Pediatr Radiol 50:817-826. https://doi.org/10.1007/500247-020-04632-1

19. Ozturk A, Olson MC, Samir AE et al (2022) Liver fibrosis assessment: MR
and US elastography. Abdom Radiol (NY) 47:3037-3050. https://doi.org/
10.1007/500261-021-03269-4

20. Imajo K, Honda Y, Kobayashi T et al (2022) Direct comparison of US and
MR elastography for staging liver fibrosis in patients with nonalcoholic
fatty liver disease. Clin Gastroenterol Hepatol 20:908-917.e911. https://
doi.org/10.1016/j.cgh.2020.12.016

21. Binkovitz LA, El-Youssef M, Glaser KJ et al (2012) Pediatric MR elastogra-
phy of hepatic fibrosis: principles, technique and early clinical experience.
Pediatr Radiol 42:402-409. https://doi.org/10.1007/500247-011-2298-6

22. Gharib AM, MaT H, Meissner EG et al (2017) Magnetic resonance elas-
tography shear wave velocity correlates with liver fibrosis and hepatic
venous pressure gradient in adults with advanced liver disease. Biomed
Res Int 2017:2067479. https://doi.org/10.1155/2017/2067479

23. Akkaya HE, Erden A, Kuru Oz D et al (2018) Magnetic resonance elastog-
raphy: basic principles, technique, and clinical applications in the liver.
Diagn Interv Radiol 24:328-335. https://doi.org/10.5152/dir.2018.18186

24. Zhang YN, Fowler KJ, Ozturk A et al (2020) Liver fibrosis imaging: a clinical
review of ultrasound and magnetic resonance elastography. J Magn
Reson Imaging 51:25-42. https://doi.org/10.1002/jmri.26716

25. Janowski K, Shumbayawonda E, Dennis A et al (2021) Multiparametric
MRI as a noninvasive monitoring tool for children with autoimmune
hepatitis. J Pediatr Gastroenterol Nutr 72:108-114. https://doi.org/10.
1097/mpg.0000000000002930

26. Chang W, Lee JM, Yoon JH et al (2016) Liver fibrosis staging with MR
elastography: comparison of diagnostic performance between patients
with chronic hepatitis B and those with other etiologic causes. Radiology
280:88-97. https://doi.org/10.1148/radiol.2016150397

27. Pepin KM, Welle CL, Guglielmo FF et al (2022) Magnetic resonance
elastography of the liver: everything you need to know to get
started. Abdom Radiol (NY) 47:94-114. https://doi.org/10.1007/
500261-021-03324-0

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1097/MPG.0b013e3182a0e0d8
https://doi.org/10.1097/mcg.0000000000000534
https://doi.org/10.1097/mcg.0000000000000534
https://doi.org/10.1111/j.1478-3231.2010.02258.x
https://doi.org/10.1002/hep.29241
https://doi.org/10.1002/hep.29241
https://doi.org/10.1053/j.gastro.2008.03.076
https://doi.org/10.1007/s00261-020-02656-7
https://doi.org/10.1007/s00261-020-02656-7
https://doi.org/10.1053/j.gastro.2016.10.026
https://doi.org/10.1080/17474124.2017.1271710
https://doi.org/10.1080/17474124.2017.1271710
https://doi.org/10.1148/radiol.2018172099
https://doi.org/10.1148/radiol.2018172099
https://doi.org/10.1016/j.jpeds.2013.07.050
https://doi.org/10.1016/j.jpeds.2013.07.050
https://doi.org/10.1016/j.jhep.2007.07.006
https://doi.org/10.1016/j.jhep.2007.07.006
https://doi.org/10.1371/journal.pone.0217876
https://doi.org/10.1371/journal.pone.0217876
https://doi.org/10.1148/radiol.2016160252
https://doi.org/10.1148/radiol.2016160252
https://doi.org/10.1148/radiol.2020201513
https://doi.org/10.1148/radiol.2020201513
https://doi.org/10.1002/jmri.26905
https://doi.org/10.1002/jum.14277
https://doi.org/10.1007/s00247-020-04632-1
https://doi.org/10.1007/s00261-021-03269-4
https://doi.org/10.1007/s00261-021-03269-4
https://doi.org/10.1016/j.cgh.2020.12.016
https://doi.org/10.1016/j.cgh.2020.12.016
https://doi.org/10.1007/s00247-011-2298-6
https://doi.org/10.1155/2017/2067479
https://doi.org/10.5152/dir.2018.18186
https://doi.org/10.1002/jmri.26716
https://doi.org/10.1097/mpg.0000000000002930
https://doi.org/10.1097/mpg.0000000000002930
https://doi.org/10.1148/radiol.2016150397
https://doi.org/10.1007/s00261-021-03324-0
https://doi.org/10.1007/s00261-021-03324-0

	Magnetic resonance elastography in evaluation of liver fibrosis in children with chronic liver disease
	Abstract 
	Background 
	Results 
	Conclusions 

	Key points 
	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


