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Abstract

Ultrasound markers for liver characterization show promise to improve
diagnostics but normative data in children are scarce. The purpose was
to report normative values of liver ultrasound Shear Wave Elastography
(SWE), Shear Wave Dispersion (SWD) and Attenuation Imaging
(ATI), reflecting hepatic elasticity, viscosity, and steatosis respectively,
in children. Seventy-one children, without liver disease, referred for
ultrasound-guided kidney biopsy were consecutively enrolled. Individuals
with BMI>25 were excluded. SWE, SWD and ATI were measured during
free breathing, fasting >4h and under general anesthesia (n=60) and/
or while awake (n=42) and correlation to anesthesia, sex, age, and BMI
were investigated. The mean age and BMI were 10.8 years (range 2.3-
17.8), and 18.4 (range 12.8-25.0) respectively, 49% were boys. Averages
and standard deviations were SWE 4.9+1.1kPa, SWD 11.9+1.5m/s/kHz,
and ATI 0.56+0.09dB/cm/MHz. There was no difference between sexes
(p>0.15), effect of anesthesia (p>0.32), or between age groups (0-5, 5-12,
12-18 years; p>0.15). A moderate correlation was found between BMI
and SWD (R=-0.43, p=0.006), while no other significant correlations were
identified (R<0.31, p>0.08). Normative pediatric values for SWE, SWD
and ATI, during both free breathing and fasting, are reported. Other than a
weak negative correlation between BMI and SWD, the lack of significant
associations implies that these normative values can be applied across ages
and sexes.
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Introduction

Chronic liver disease is rising in children, driven primarily by metabolic
dysfunction-associated steatotic liver disease [1]. As more treatment options
are available, there is an increasing need to evaluate the liver for diagnosis
and surveillance of disease. Liver biopsy is considered the gold standard
[2,3], however, this is an expensive and invasive procedure that additionally
requires anesthesia in the majority of pediatric patients.

Non-invasive imaging methods to evaluate the liver have emerged in
recent years [3-23]. Ultrasound-based liver stiffness measurement with shear
wave elastography (SWE) has been shown to be a valid method for liver
fibrosis detection and staging in chronic liver diseases in adults. However,
reference values for infants and young children are still lacking and SWE
needs validation in large cohort pediatric studies before being implemented
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in clinical routine. Recent advancements in ultrasound
techniques have provided additional, promising, ultrasound-
based liver markers: shear wave dispersion (SWD) and
attenuation imaging coefficient (ATI). These show promise
to provide a more detailed assessment of liver characteristics
non-invasively. SWD is based on the elastography technique
and provides information on the frequency-dependent
variation in velocity of the shear wave [3,24], which is related
to tissue viscosity [25]. Since the liver is an organ with
viscoelastic properties, SWD thus has potential to provide
biomechanical information concerning the state of the liver.
For example, as a potential marker of liver inflammation
[26]. ATIL, on the other hand, quantifies the attenuation of the
ultrasound beams as it moves through the tissue, and has been
shown to reflect steatosis of the liver in adults [27].

Although publications in the area have increased over
the past 2-3 years, there are only approximately 20 studies
reporting on SWD in clinical adult patients with various
underlying diseases [3,4,7-10,12,13,15-17,25,28,29]. About
half of these have used histology as a reference method and
only half studied cohorts of over 100 individuals. Within
the pediatric population, SWD studies are very scarce. To
our knowledge, only a few studies exists [4,5,22,23] of
which only two use histology as the reference method [4,5].
Likewise, studies regarding ATI in children are also scarce,
especially with histological correlation [23,30,31]. Only small
feasibility studies have been published regarding ATI with
biopsy correlate in children [5]. To use these image-based
liver markers clinically in differentiation between normal
and pathological conditions, it is important to establish how
the markers appear in a pediatric population without liver
disease. Establishing normative values for these ultrasound
biomarkers in children has seen some efforts [22,23,31], but
data is very limited and diverse, and results are contradictory
regarding the influence of age and sex.

The aim of the present study was to define normative
values of SWE, SWD and ATI, during free breathing and
fasting, in a cohort of children without a known history of
liver disease.

Methods

The study was conducted according to the guidelines of
the Declaration of Helsinki and approved by the regional
ethical review board of the University of Gothenburg (DNR:
634-18) and all included participants, depending on their age,
either provided their informed consent or assent (in which
case their guardians consented).

Sample

We consecutively recruited 71 children undergoing
ultrasound guided kidney biopsy between May 2021
and October 2023 that were included as controls in an
ongoing large scale study investigating SWE, SWD and
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ATI in children with liver disease in correlation to biopsy,
both during awake and sedated state. Therefore, a control
cohort examined under similar examinations conditions
was demanded. We excluded individuals with known liver
disease or hepatotoxic medication. In individuals for whom
their established or suspected kidney disease may secondarily
affect liver function, liver enzymes were obtained and those
with abnormal liver enzymes were excluded. Overweight
individuals, i.e., BMI > 25 were excluded (six individuals).
The final sample included 65 individuals.

The age range was 2.3—17.8 years (mean 10.8), the BMI
ranged from 12.8 to 24.9 (mean 18.4), and 49.2% were boys
(n = 32). We were not able to record SWD and ATI in all
participants, the reason was that the software was lacking
in one out of three used ultrasound machines. In total 65
patients, 61 were scanned during sleep (n for SWE, SWD,
and ATI were 61, 41 and 33 respectively). In addition, 40
patients were scanned when awake (n for SWE, SWD, and
ATI were 40, 34 and 32 respectively). Fifteen of the included
participants have previously been presented in a feasibility
study, where they constituted a control cohort to 35 children
with liver disease [5].

Scanning

Intercostal ultrasound scans of the right liver lobe were
performed using Canon Medical, Aplio i800 with a curved
transducer iC8x MHz and according to guidelines from the
Society of Radiologists in Ultrasound Liver Elastography
Consensus Statement [32]. Scans were performed by one out
of four pediatric radiologists with at least 5 years’ experience
within the field, in the supine position with slight elevation of
the right side of the body and the right arm above the head,
avoiding transducer pressure. The participants were fasting (at
least 4 hours) and scanned with multimodal sampling during
free breathing when awake (in cooperating individuals) and
immediately after, during general anesthesia (“sleep”). The
SWE/SWD estimates were based on ten measurements 1.5-3
cm below the liver capsule. The ATI estimates were based
on five measurements. We recorded the median, standard
deviation (SD), inter-quartile range (IQR), and IQR/median
for the following ultrasound biomarkers: SWE (kPa), SWD
(m/s KHz), and ATI (db/cm/MHz). SWE and SWD estimates
where the corresponding SWE had an IQR/median above
0.30, and ATI estimates with a median R? <0.8 were excluded.

Clinical variables

For each participant, we recorded sex, age, height, weight,
and BMI, as well as the reason for performing the kidney
biopsy. Indications for biopsy are presented in Table 1.

Statistical analyses

The normality of each biomarker was assessed using one-
sample Kolmogorov-Smirnov (KS) test and skewed variables
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were log-transformed prior to comparisons to improve
linearity and homoscadasticity. Since all three biomarkers
departed from normality, non-parametric tests were used.

To simultaneously assess group-wise differences in mean,
variance, and skewness of our non-normally distributed
data, we used the two-sample KS test to assess the effect
of anesthesia (sleep vs. awake) and sex (male vs. female).
Since there were no effect of sex or anesthesia, we included
both sexes in all further analyses, and computed the intra-
individual sleep-awake average (SAp) for each biomarker
between sleep and awake (to reduce random error between
scans). The SAp for each biomarker was compared with age
and BMI using Spearman correlations. Finally, we separated
the dataset into three age brackets (0-5 years, >5-12 years,
>12-18 years) and compared the SAp for each biomarker
using Kruskal-Wallis test.

Holm-Bonferroni correction for three observations (SWE,
SWD, ATI) was applied to a baseline alpha of p = 0.05 within
each family of observations (p-thresholds of 0.017, 0.025
and 0.05). Interobserver reliability of SWE measurements,
and indirectly SWD measurements, for the physicians

Table 1: Reasons for kidney biopsies.
Indication Number
Persistent macroscopic or microscopic hematuria 13

Relapse from nephrotic syndrome 11

o

Persistent hematuria and albuminuria 1
Suspicion of IgA-nephropathy

Rising creatinine levels in patient with kidney transplant
Persistent albuminuria

Unknown kidney failure

Treatment evaluation for IgA neohropathy

N W AN N

Suspicion of Lupus Nepbhritis
Pain in left flank and macroscopic hematuria 1

Increasing creatinine levels in patient with nephrotic
syndrome

Increasing creatinine levels in patient with
granulomatosis polyangiitis

Evaluation of treatment in C3-Glomerulonephropathy 1

Total 65
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participating in the current study have previously reported as
excellent, as was intraobserver reliability measurements on
previously obtained multimode cine-loops SWE sampling
[33].

Results

Outcomes for liver ultrasound biomarkers are presented
in Table 2. There was no significant difference between sleep
and awake (all p > 0.32; see Table 3) or between males and
females for any of the biomarkers (all p > 0.15; see Table
3). Because there were no differences, the average between
awake and sedated (SAp) were used and both sexes were
included in the following analyses.

There were no significant correlations between age and
any of the ultrasound biomarkers (p > 0.13; see Figure 1). For
BMI there was a significant correlation with SWD (r = -.43,
p = 0.006), but not for the other biomarkers (p > 0.11; see
Figure 1). After stratification of age into three age brackets,
there were no significant differences between the groups for
any of the ultrasound biomarkers (SWE: p = 0.57; SWD:
p=0.29; ATL: p =0.29; see Figure 2).

Discussion

This study defines normative values for SWE, SWD and
ATI during free breathing and fasting in children without
known liver disease. Other than a weak negative correlation
between BMI and SWD, the lack of significant associations
implies that the normative values presented in this paper can
be applied across ages and sexes.

To the best of our knowledge, only a handful of studies
exist that report on SWD in children [4,5,22,23,34] and even
fewer on normative values [32]. The mean SWD of 11.9
(m/s)/kHz in the current study is congruous with the mean
SWD 11.4 (m/s)/kHz reported in 128 children without liver
disease by Trout et al. [22]. Higher SWD, mean 12.96 (m/s)/
kHz, was reported in 112 children without liver disease by
Cetiner et al. [23]. Normative values in children appear higher
comparted to adults [22], possibly attributed to age-related
differences in viscoelastic properties [35]. Differences in
tissue characteristics between the liver of children and adults
exists, with increased collagen content in the adult liver. Thus,
it seems reasonable that there may be differences in viscous
liver properties, reflected by differences in normal SWD
values [35]. However, the cohort in the current study was

Table 2: Liver ultrasound biomarkers.

Sleep Mean * SD (n)

Elasticity (kPa) 4.7+1.0(61)
Dispersion (m/s/kHz) 11.6+ 1.8 (41)
Attenuation (dB/cm/MHz) 0.5+0.1(33)

Awake Mean % SD (n) SAp Mean % SD (n)

5.1 % 1.3 (40) 4.9%1.1(62)
12.3+ 1.7 (34) 11.9 + 1.5 (43)
0.6+ 0.1 (32) 0.6+ 0.1 (39)

SAu = average of sleep and awake, SD = Standard deviation.
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Figure 1: Correlations of liver ultrasound biomarkers with age and BMI. BMI = Body Mass Index.
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Table 3: Comparisons between ultrasound markers and clinical
variables.

Sex* Anesthesia*
Elasticity (kPa) p=0.15 p=0.48
Dispersion (m/s/kHz) p=0.81 p=0.49
Attenuation (dB/cm/MHz) p =0.60 p =0.32

*Tested with two-sample Kolmogorov-Smirnov test.
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Figure 2: Comparison between different age brackets and the
ultrasound biomarkers. SWE = Shear Wave Elastography, SWD =
Shear Wave Dispersion, ATI = Attenuation Imaging, n = number
of participants.

not entirely healthy, neither were the two previous pediatric
studies, which is why it cannot be excluded that, even though
they were not affected by “liver disease”, other factors could
have influenced the liver viscosity and therefore the SWD.
Future studies are encouraged to determine normative values
in a healthy pediatric cohort without any disease.

SWD has been proposed as a promising marker for
inflammation [5,14,17,21,26]. In a feasibility study of 32
children with various types of liver diseases, a mean SWD
of 14.4 (m/s)/kHz was found [5]. When excluding patients
with biopsy verified inflammation the SWD remained high
(13.1 m/s/kHz). This shows that also other factors seem to
affect SWD. Since other conditions are known to affect the
dispersion slope, such as such as cell necrosis, edema and
cholestasis [36], it is expected that inflammation is not the
only determinant for increased viscosity, and therefore
increased SWD. Congruous with this, in a study on pediatric
liver transplants, in which 46 children were investigated with
ultrasound SWD and biopsy, a mean SWD of 13.6 (m/s)/kHz
was reported [4]. All of the included patients were referred
for an elective examination, i.e., none were acute, however,
various components of liver affection, such as fibrosis,
inflammation, and vascular affection, existed in the cohort,
likely explaining high SWD.

The ATI value of 0.54 dB/cm/MHz from our study aligns
with previous research on children without liver steatosis
[5,23,30,34]. Cetinic et al. [5] found a similar mean ATI in
children with suspected liver disease but histology verified

Volume 8 ¢ Issue 2 57

absence of steatosis [5]. Hwang et al. [30] studied ATI in 49
obese and 40 normal weighted children and reported higher
ATI in the former group and mean ATI of 0.50 dB/cm/MHz
in the normal weighted children [30]. They suggested ATI
as a more effective tool for diagnosing hepatic steatosis
in children than other non-invasive methods. Contrary to
our study they found that BMI was a significant factor for
increased ATI values, which also Song et al. did in their
study on approximately 100 children with suspected liver
steatosis [34]. One potential explanation for why we failed
to find this association is the lack of a sufficiently wide range
of BMI and ATI values respectively in our normal weighted
cohort. For instance, Song et al. [34] reported higher ATI
values in obese children with moderate to severe steatosis.
Most studies indicate the normal mean ATI value in children
without steatosis is approximately 0.50-0.56 dB/cm/MHz.
One exception is the study by Callioce et al. [31], reporting
median ATI of 0.65 dB/cm/MHz in 88 children without
suspected liver disease [31]. This value surpasses reported
adult normative values (0.52 dB/cm/MHz) [22], reaching a
level indicative of mild steatosis (0.63-0.70 dB/cm/MHz ) in
adults [27]. Therefore, one might suspect confounding factors
in their cohort, referred for ultrasound for various reasons
other than suspected liver disease. Further, they obtained a
minimum of two ATI measures while we obtained five, thus
potential measurement errors are more likely to be reduced
in the current study. Callioce et al. [31] hypothesized that a
thickened hepatocyte layer pattern in younger children (<5
years) could explain the increased ATI, however they did not
perform age-associated analysis. They did not find age, sex,
weight, or BMI to significantly affect ATI or SWE [31], a
conclusion supported by other research as well [37].

Interestingly, we found a significant negative correlation
between BMI and SWD which was also found by Cetiner et
al. [23]. The relationship between body composition, reflected
by BMI, and SWD is likely to be complex and may vary on
several factors such as specific populations and ethnicities
studied, comorbidities and elastography techniques used. This
association may also be physiological, related to age since
viscosity in the pediatric liver seems to be higher in general
as compared to adults [38]. It is difficult to find any obvious
explanation for this negative correlation, as factors that may
affect SWD values have not been mapped. Future studies are
encouraged to investigate the association, preferably using
BMI z-score/BMI Standard Deviation Score which are more
appropriate in children [39].

Our mean SWE of 4.9 kPa is within the same range as the
majority of the few previously reported pediatric normative
values [5,22,31,40]. Callioce et al. [31], using the same
ultrasound manufacturer [31], reported a median SWE 4.6
kPa in their healthy children and Cetinic et al. [5] found
a median SWE value of 4.9 kPa in pediatric patients with
biopsy verified absence of fibrosis [5]. Hebelka et al. [6]
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studied 90 children with suspected/confirmed liver disease
using a Toshiba Aplio 1700 and correlated SWE to histology
[6]. They suggested a cutoff value of <4.7 kPa to exclude
significant fibrosis, in parallel with normal values reported
by others using the same manufacturer [22]. Although there
are several reports of normal values within the same range
[40-42], ultrasound elastography values are dependent on
manufacturer/machine used, why normative values need to
be adopted for each manufacturer.

Results are conflicting regarding SWE and the impact
of age [22,40-42]; like our study some have reported no
influence by age while others reported slightly increased
SWE with increasing age. Thus, larger studies are needed to
determine if, and how, SWE is influenced by age, but until
those large-scale studies are in place this study strengthens
the argument that age does not seem to influence SWE
significantly, nor SWD or ATI. Also, this study adds to the
literature that there were no gender-based differences in the
assessed liver ultrasound markers.

No significant difference was found between markers
obtained awake or during anaesthesia. There were slightly
higher values and variability during awake state, likely due
to values from some less cooperative patients and sometimes
forceful breathing, impacting measurements. In a larger
sample this may approach significance, but the effect size is
likely small and therefore not clinically relevant. The lack of a
significant difference implies we can treat them as equivalent
and the use of the average between the conditions decreases
random measurement error. Multiple data collectors increase
random noise but increases generalizability for normative
values, which is a strength with the current study.

Fasting may impact liver stiffness measurements, as food
intake can affect blood flow and liver perfusion, potentially
influencing elastography results. Conflicting results regarding
the impact of fasting have been reported. Postprandial
state has been reported to have a significant effect on SWE
measurements in several studies [43,44]. Petzgold et al. [44]
reported an 11% risk of misclassifying non-fasting, healthy
patients as having significant fibrosis when not accounting
for postprandial state [44]. However, others state that there
is no difference between fasting and non-fasting in terms of
increased liver stiffness or viscosity [45]. Irrespectively, the
4 h fasting standardization in the current study is a strength.

Free breathing increases variability and it might be
considered a limitation that we did not measure and control
for depth and frequency of breathing during examination.
However, since infants and small children cannot hold
their breath, there is considerable variability in breath-hold
performance, we opted to determine normal values with a
method that is clinically applicable in all children.

One major limitation is that the investigated cohort is
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not “healthy” children, rather a cohort without known or
suspected liver disease, why liver affection cannot be entirely
excluded. Since none of the investigated individuals had
any known or suspected liver disease, laboratory tests for
viral hepatitis or other liver diseases were not sampled in
all patients. However, some renal conditions can potentially
affect the liver without affecting liver function tests. One
such condition is SLE nephritis, which was confirmed at
renal biopsy in two patients. Hence, it cannot be entirely
excluded, in these individuals and in those in which such liver
function tests were not sampled, that the liver was unaffected.
However, it is unlikely that this would have affected the
results on a group level, although it could have affected the
measures on an individual level.

Apparent limitations are also a quite low sample size for
SWD and ATI and the use of clinical sampling rather than
population-based sampling. However, due to the scarcity
in pediatric normal SWD and ATI values we believe that,
until large scale studies are performed, this study adds to the
literature of what can be considered normative-range values,
and will be of great clinical utility.

Knowledge of diagnostic thresholds for ultrasound
biomarkers and how they diverge in the healthy population
is important. To conclude, this study adds to the existing
literature within what range normative values for SWE, SWD
and ATI can be expected during both free-breathing and
fasting in children. Other than a weak negative correlation
between BMI and SWD, the lack of significant associations
implies that the normative values presented in this paper
can be applied across ages and sexes. Future studies are
strongly encouraged to determine normative values for these
ultrasound biomarkers in large-scale population-based cohort
with healthy children.

Acknowledgments

This work was presented as a poster presentation at the
European Congress of Radiology in 2024.

Funding statement

DS was supported by Fredrik och Ingrid Thurings
stiftelse  (2020-00581, 2022-00704), Mirta Lundqvists
Stiftelse, Goteborgs Liakareséllskap and Kristina Stenborgs
Stiftelse (GLS-960453), and the Department of Radiology,
Sahlgrenska University Hospital. HH and IC were supported
by ALF-grant Swedish Government (ALFGBG-965176),
Jerringfonden and Ake Wibergs Stiftelse. This study was
also supported by Grant from the Swedish Research Council
dnr 2023-01951. Other than financial support, there was no
involvement in the study.

Ethical approval statement

The study was conducted according to the guidelines of

Citation: Sarovic Darko, Cetinic Ivan, Ekvall Nils, Lagerstrand Kerstin, de Lange Charlotte, Hebelka, Hanna. Normative Values for Liver Ultrasound
Shear Wave Elastography, Shear Wave Dispersion and Attenuation Imaging in a Pediatric Cohort during Free Breathing. Journal of

Pediatrics, Perinatology and Child Health. 8 (2024): 53-61.



Darko S, et al., J Pediatr Perinatol Child Health 2024

Journals DOI:10.26502/jppch.74050181

the Declaration of Helsinki and approved by the regional
ethical review board of the University of Gothenburg (DNR:
634-18).

Informed consent statement

All included participants, depending on their age, either
provided their informed consent or assent (in which case their
guardians consented).

Conflicts of interest statement

The authors declare no conflict of interest.

Data availability statement

The data is available upon reasonable request.

Author Contributions statement

Conceptualization, Darko Sarovic, Kerstin Lagerstrand,
Charlotte de Lange and Hanna Hebelka; Data curation, Darko
Sarovic and Ivan Cetinic; Formal analysis, Darko Sarovic;
Funding acquisition, Darko Sarovic and Hanna Hebelka;
Investigation, Ivan Cetinic, Nils Ekvall, Charlotte de Lange
and Hanna Hebelka; Methodology, Nils Ekvall, Kerstin
Lagerstrand, Charlotte de Lange and Hanna Hebelka; Project
administration, Kerstin Lagerstrand, Charlotte de Lange and
Hanna Hebelka; Resources, Darko Sarovic, Ivan Cetinic, Nils
Ekvall, Charlotte de Lange and Hanna Hebelka; Software,
Darko Sarovic; Supervision, Hanna Hebelka; Validation,
Darko Sarovic and Ivan Cetinic; Visualization, Darko
Sarovic; Writing — original draft, Darko Sarovic, Ivan Cetinic
and Hanna Hebelka; Writing — review & editing, Darko
Sarovic, Ivan Cetinic, Nils Ekvall, Kerstin Lagerstrand,
Charlotte de Lange and Hanna Hebelka.

References

1. Elizabeth LY, Schwimmer JB. Epidemiology of pediatric
nonalcoholic fatty liver disease. Clinical Liver Disease 17
(2021): 196.

2. Dezsofi A, Baumann U, Dhawan A, et al. Liver biopsy
in children: position paper of the ESPGHAN Hepatology
Committee. Journal of Pediatric Gastroenterology and
Nutrition 60 (2015): 408-420.

3. Garcovich M, Paratore M, Elena Ainora M, et al. Shear
Wave Dispersion in Chronic Liver Disease: From Physical
Principles to Clinical Usefulness. Journal of Personalized
Medicine 13 (2023): 945.

4. Cetinic I, de Lange C, Bostrom H, et al. Shear wave
elastography and shear wave dispersion correlated to
biopsy at the scheduled follow-up of pediatric liver grafts.
Pediatr Transplant (2023): ¢14591.

5. Cetinic I, de Lange C, Simrén Y, et al., Ultrasound
Shear Wave Elastography, Shear Wave Dispersion and

Volume 8 ¢ Issue 2 59

Attenuation Imaging of Pediatric Liver Disease with
Histological Correlation. Children 9 (2022): 692.

6. Hebelka H, de Lange C, Bostrdom H, et al. Shear Wave
Elastography in the Differentiation of Nonfibrotic Versus
Fibrotic Liver Disease in Children: A Prospective Study
With Histological Correlation. JPGN Reports 3 (2022):
el5e6.

7. Nagasawa T, Kuroda H, Abe T, et al. Shear wave
dispersion to assess liver disease progression in Fontan-
associated liver disease. Plos one 17 (2022): €0271223.

8. Schulz M, Wilde AB, Demir M, et al. Shear wave
elastography and shear wave dispersion imaging in
primary biliary cholangitis—a pilot study. Quantitative
Imaging in Medicine and Surgery 12 (2022): 1235.

9. Sun X, Zhang L, Jiang L, et al. Shear wave dispersion
slope measured with shear wave dispersion imaging is
associated with variceal hemorrhage in cirrhotic patients.
Diagnostics 12 (2022): 2909.

10.Gao J, Lee R, Trujillo M. Reliability of performing
multiparametric ultrasound in adult livers. Journal of
Ultrasound in Medicine 41 (2022): 699-711.

11.da Silva NPB, Scharf G, Liirken L, et al. Different
Ultrasound Shear Wave Elastography Techniques as
Novel Imaging-Based Approaches for Quantitative
Evaluation of Hepatic Steatosis—Preliminary Findings.
Tomography 9 (2023): 681-692.

12.Popa A, Bende F, Sirli R, et al. Quantification of liver
fibrosis, steatosis, and viscosity using multiparametric
ultrasound in patients with non-alcoholic liver disease: A
“real-life” cohort study. Diagnostics 11 (2021): 783.

13. Wang K, Zhang S, Zhou W, et al. Clinical Application of
Shear Wave Elastography with Shear Wave Dispersion
Imaging in the Preoperative Evaluation of Hepatic
Parenchyma in Patients with Liver Tumors. Journal of
Ultrasound in Medicine 42 (2023): 797-807.

14. Sugimoto K, Moriyasu F, Oshiro H, et al. Value of
viscosity and viscoelasticity measurement in patients
with NAFLD using shear wave ultrasound elastography.
Kanzo 59 (2018): 370-373.

15. Wang K, Yu D, Li G, et al. Comparison of the diagnostic
performance of shear wave elastography with shear wave
dispersion for pre-operative staging of hepatic fibrosis in
patients with hepatocellular carcinoma. European Journal
of Radiology 154 (2022): 110459.

16.Zhang XQ, Zheng RQ, Jin JY, et al. US shear-wave
elastography dispersion for characterization of chronic
liver disease. Radiology 305 (2022): 597-605.

17.Lee DH, Lee JY, Bae JS, et al. Shear-wave dispersion

Citation: Sarovic Darko, Cetinic Ivan, Ekvall Nils, Lagerstrand Kerstin, de Lange Charlotte, Hebelka, Hanna. Normative Values for Liver Ultrasound
Shear Wave Elastography, Shear Wave Dispersion and Attenuation Imaging in a Pediatric Cohort during Free Breathing. Journal of

Pediatrics, Perinatology and Child Health. 8 (2024): 53-61.



Darko S, et al., J Pediatr Perinatol Child Health 2024

Journals DOI:10.26502/jppch.74050181

slope from US shear-wave elastography: detection of
allograft damage after liver transplantation. Radiology
293 (2019): 327-333.

18.Jang JK, Lee ES, Seo JW, et al. Two-dimensional shear-
wave eclastography and US attenuation imaging for
nonalcoholic steatohepatitis diagnosis: a cross-sectional,
multicenter study. Radiology 305 (2022): 118-126.

19. Deffieux T, Gennisson JU, Bousquet L, et al. Investigating
liver stiffness and viscosity for fibrosis, steatosis and
activity staging using shear wave elastography. Journal of
Hepatology 62 (2015): 317-324.

20. Sugimoto K, Lee DH, Lee JY, et al. Multiparametric US
for identifying patients with high-risk NASH: a derivation
and validation study. Radiology 301 (2021): 625-634.

21. Sugimoto, K. Moriyasu F, Oshiro H, et al. The role of
multiparametric US of the liver for the evaluation of
nonalcoholic steatohepatitis. Radiology 296 (2020): 532-
540.

22.Trout AT, Xanthakos SA, Bennett PS, et al. Liver shear
wave speed and other quantitative ultrasound measures
of liver parenchyma: prospective evaluation in healthy

children and adults. American Journal of Roentgenology
214 (2020): 557-565.

23. Cetiner M, Schiepek F, Finkelberg I, et al. Validation of
attenuation imaging coefficient, shear wave elastography,
and dispersion as emerging tools for non-invasive
evaluation of liver tissue in children. Frontiers in
Pediatrics 11 (2023): 1020690.

24, Furuichi Y, Sugimoto K, Oshiro H, et al. Elucidation of
spleen elasticity and viscosity in a carbon tetrachloride
rat model of liver cirrhosis using a new ultrasound
elastography. Journal of Medical Ultrasonics 48 (2021):
431-437.

25.Sugimoto K, Moriyasu F, Oshiro H, et al. Clinical
utilization of shear wave dispersion imaging in diffuse
liver disease. Ultrasonography 39 (2020): 3.

26. Sugimoto K, Moriyasu F, Oshiro H, et al. Viscoelasticity
measurement in rat livers using shear-wave US
elastography. Ultrasound in Medicine and Biology 44
(2018).

27.Bae JS, Lee DH, Lee JY, et al. Assessment of hepatic
steatosis by using attenuation imaging: a quantitative,

easy-to-perform  ultrasound technique.  European
radiology 29 (2019): 6499-6507.

28.Xiong Y, Xin Y, Liu F, et al. Efficacy of shear wave
dispersion imaging for viscoelastic assessment of the
liver in acute graft-versus-host disease rats. Quantitative
Imaging in Medicine and Surgery 12 (2022).

Volume 8 ¢ Issue 2 60

29.Schulz M, Kleinjans M, Strnad P, et al. Shear Wave
Elastography and Shear Wave Dispersion Imaging in
the Assessment of Liver Disease in Alphal-Antitrypsin
Deficiency. Diagnostics 11 (2021): 629.

30.Hwang SM, Cho KY, Noninvasive assessment of
paediatric hepatic steatosis by using attenuation imaging.
European Radiology 33 (2023): 1-13.

31. Cailloce R, Tavernier E, Brunereau L, et al. Liver shear
wave elastography and attenuation imaging coefficient
measures: prospective evaluation in healthy children.
Abdominal Radiology 46 (2021): 4629-4636.

32.Barr RG, Wilson SR, Rubens D, et al. Update to the
society of radiologists in ultrasound liver elastography
consensus statement. Radiology 296 (2020): 263-274.

33. Hebelka H, de Lange C, Bostrom H, et al., Shear Wave
Elastography in the Differentiation of Nonfibrotic Versus
Fibrotic Liver Disease in Children: A Prospective Study
With Histological Correlation. JPGN Rep 3 (2022): e156.

34.Song K, Son NH, Chang DR, et al. Feasibility of
ultrasound attenuation imaging for assessing pediatric
hepatic steatosis. Biology 11 (2022): 1087.

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

36.Lipman SL, Rouze NC, Palmeri ML, et al. Impact of
acoustic radiation force excitation geometry on shear
wave dispersion and attenuation estimates. Ultrasound in
Medicine and Biology 44 (2018): 897-908.

37.Palabiyik FB, Inci E, Turkay R, et al. Evaluation of
liver, kidney, and spleen elasticity in healthy newborns

and infants using shear wave elastography. Journal of
Ultrasound in Medicine 36 (2017): 2039-2045.

38.Cetinic I, de Lange C, Simrén Y, et al. Ultrasound
Shear Wave Elastography, Shear Wave Dispersion and
Attenuation Imaging of Pediatric Liver Disease with
Histological Correlation. Children (Basel) 9 (2022): 692.

39.Must A, Anderson S. Body mass index in children
and adolescents: considerations for population-based
applications. International Journal of Obesity 30 (2006):
590-594.

40. Galina P, Alexopoulou E, Zellos A, et al. Performance
of two--dimensional ultrasound shear wave elastography:
reference values of normal liver stiffness in children.
Pediatric radiology 49 (2019): 91-98.

41.Franchi-Abella S, Corno L, Gonzales E, et al. Feasibility
and diagnostic accuracy of supersonic shear-wave
elastography for the assessment of liver stiffness and liver

Citation: Sarovic Darko, Cetinic Ivan, Ekvall Nils, Lagerstrand Kerstin, de Lange Charlotte, Hebelka, Hanna. Normative Values for Liver Ultrasound
Shear Wave Elastography, Shear Wave Dispersion and Attenuation Imaging in a Pediatric Cohort during Free Breathing. Journal of

Pediatrics, Perinatology and Child Health. 8 (2024): 53-61.



Volume 8 ¢ Issue 2 61
Darko S, et al., J Pediatr Perinatol Child Health 2024
Journals DOI:10.26502/jppch.74050181

fibrosis in children: a pilot study of 96 patients. Radiology 44. Petzold G, Porsche M, Ellenrieder V, et al. Impact of food
278 (2015): 554-562. intake on liver stiffness determined by 2-D shear wave
. . .. elastography: prospective interventional study in 100
42.Matos H, Trindade A, Noruegas MJ. Acoustic radiation . . . 4

. . o o . healthy patients. Ultrasound in Medicine and Biology 45

force impulse imaging in paediatric patients: normal (2019): 402-410

liver values. Journal of Pediatric Gastroenterology and ' '

Nutrition 59 (2014): 684-688. 45.Paverd C, Kupfer S, Kirchner IN, et al. Impact of
Breathing Phase, Liver Segment, and Prandial State on
Ultrasound Shear Wave Speed, Shear Wave Dispersion,
and Attenuation Imaging of the Liver in Healthy
Volunteers. Diagnostics 13 (2023): 989.

43.Lim Z, Whitaker T, DeColle K, et al. Interobserver
and intraobserver reliability of hepatic shear wave
elastography and the influence of fasted versus nonfasted
states in healthy volunteers. Journal of Ultrasound in
Medicine 40 (2021): 259-267.

Citation: Sarovic Darko, Cetinic Ivan, Ekvall Nils, Lagerstrand Kerstin, de Lange Charlotte, Hebelka, Hanna. Normative Values for Liver Ultrasound
Shear Wave Elastography, Shear Wave Dispersion and Attenuation Imaging in a Pediatric Cohort during Free Breathing. Journal of
Pediatrics, Perinatology and Child Health. 8 (2024): 53-61.



	Title
	Abstract
	Keywords
	Introduction
	Methods
	Sample
	Scanning
	Clinical variables 
	Statistical analyses 

	Results
	Discussion
	Acknowledgments
	Funding statement 
	Ethical approval statement  
	Informed consent statement 
	Conflicts of interest statement 
	Data availability statement  
	Author Contributions statement: 
	Table 1
	Table 2
	Table 3
	Figure 1
	Figure 2
	References 

