
ORIGINAL ARTICLE

Acoustic radiation force impulse imaging: normal values of spleen
stiffness in healthy children

Sylviane Hanquinet1 & Céline Habre1
& Méryle Laurent1 & Mehrak Anooshiravani1 & Seema Toso1

Received: 4 December 2020 /Revised: 11 March 2021 /Accepted: 12 April 2021
# The Author(s) 2021

Abstract
Background Acoustic radiation force impulse (ARFI) imaging is a noninvasive ultrasound elastography technique for evaluating
tissue stiffness. The association of liver and spleen stiffness provides additional information in the assessment of portal hyper-
tension. The technique and normal values of spleen stiffness by point shear wave elastography (p-SWE) in pediatrics have not
been well documented.
Objective Our aim is to describe the feasibility and normal ARFI elastography values in the spleen for healthy children and to
compare measurements in two different probe positions (the axial and sagittal planes).
Materials and methods Spleen p-SWE using ARFI values were measured with a 6C1 probe in 102 healthy children (age range:
8 weeks to 17 years) divided into four age groups. An average of nine (standard deviation: two) spleen stiffness measurements
were taken during free breathing in each plane (axial and sagittal). The impact of age and measurement plane in the spleen was
analyzed using multivariate models.
Results There was no significant difference in spleen stiffness values taken at different ages, with an average of the medians of
2.43±0.31 m/s. There was no significant difference based on probe orientation: sagittal plane (median: 2.46±0.29 m/s) and axial
plane (median: 2.43±0.32 m/s) with Student’s t-test P=0.18. The mean depth of measurement varied between 2.3 cm and 3.7 cm,
according to age.
Conclusion Normal spleen stiffness values using ARFI imaging in children do not vary with age and correspond to a median of
2.43 m/s. No significant difference was found when using different probe positions.
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Introduction

In recent years, ultrasound (US) elastography has been developed
in children to evaluate liver stiffness and quantify fibrosis. This
rapid, noninvasive technique is of clinical interest in the manage-
ment of children with chronic liver disease and/or liver trans-
plants who are at risk of developing liver fibrosis and cirrhosis
[1]. Recently, interest has developed in spleen elastography as a
complementary measure to evaluate early signs of portal hyper-
tension and secondary vascular complications and to predict or

grade esophageal varices in adults and children [2, 3]. Indeed,
splenomegaly secondary to congestion is a direct consequence of
increased portal pressure in chronic liver disease and may result
in increased splenic stiffness [4, 5].

Normal spleen stiffness values have not yet been standard-
ized in the literature with acoustic radiation force impulse
(ARFI) elastography, a quantitative point shear wave
elastography (p-SWE), providing values in m/s.

Few pediatric publications exist with small series of patients
and measurements performed on different US machines, a factor
known to provide variability among values [6]. Only one study
with 60 children was performed for ARFI spleen stiffness eval-
uation in healthy children [7]. That study established standard
p-SWE values using two different probes, 9 MHz and 4 MHz,
but only using a sagittal plane. We propose evaluating splenic
stiffness in healthy children using a curved 6C1 HDMHz trans-
ducer. In comparison with the old probes (9 MHz and 4 MHz),
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the wait time between eachmeasurement is clearly shortened and
the study is fast and well tolerated by children.

Due to the anatomical and physiological differences related
to pediatric populations, it is essential to establish a normal
range of spleen stiffness measurements in children before an-
alyzing patients with chronic liver disease.We also studied the
technical feasibility of two acquisition techniques: intercostal
access for the sagittal plane versus subcostal access for the
axial plane.

We hypothesized that measurements may be influenced by
patient age and also by the probe orientation because of the
movement artefacts [8]. In this paper, we propose normal
values of spleen stiffness using ARFI in a large pediatric pop-
ulation according to age distribution and probe orientation.

Materials and methods

This prospective study, performed October 2019 to
June 2020, was approved by the ethics committee of our hos-
pital. According to the criteria for consent established by the
ethics committee, written consent was obtained for each ex-
amination from either the patients and/or their parents.

We performed ARFI measurements in 102 presumed
healthy children (age range: 8 weeks to 17 years). These chil-
dren had undergone an abdominal US but did not have liver or
spleen pathologies. The indications for US were multiple: kid-
neys (dilated renal cavities, malformation), musculoskeletal
(hip dislocation, limping), genital (precocious puberty,
malformations). For the majority of the children, the US indi-
cation did not require fasting. Children (or their guardians)
were asked if the child was taking any medication. Inclusion
criteria were absence of known liver/spleen disease based on
history and normal standard abdominal US with normal value
of liver elastography. Liver stiffness values were taken as a
control to confirm the normality of the liver according to the
standards in the literature [9, 10]. Splenic length was also
measured and referred to age-based normal charts [11].

The ARFI elastography module is installed on a conven-
tional US machine (Acuson Ultrasound System, S3000 plat-
form; Siemens Healthineers, Erlangen, Germany). The
p-SWE is based on sending a short, high-intensity, ultrasonic
wave to a region of interest (ROI) in the target tissue. We
obtained stiffness values expressed in m/s, which increase
with the stiffness of the examined tissue. The technique is
available with one recent probe, a curved 6C1 HDMHz trans-
ducer on the S3000 platform. This probe provides an ROI for
elastography of 5×4 mm.

Children were in the supine position, and measurements
were obtained with free breathing at the end of exhalation to
increase technique homogeneity.

Each patient was examined by one of three senior pediatric
radiologists (S.T., with 6 years of experience, M.A., with

12 years of experience, S.H., with 12 years of experience),
experienced with routine liver ARFI elastography.

Five stiffness measurements were recorded in one region of
the liver (right lobe, avoiding a visible vessel or bile duct by an
intercostal or subcostal approach) as previously described by
the authors [10].

Measurements in the spleen were taken in two orthogonal
planes, positioning the probe in an axial plane and in a sagittal
plane in order to best access the splenic parenchyma, away from
the hilum, by subcostal access for the axial plane and inter-
costal positioning for the sagittal plane (Fig. 1). For each child,
we tried to carry out 10 measurements per plane in the spleen.

Values indicated as “XXX” were considered invalid and
were immediately eliminated. Valid ARFI values and mea-
surement depths were recorded by the machine. The software
calculated the mean, median and interquartile range to median
(IQR/M) ARFI values. The quality criteria was defined as an
IQR/M value ratio <30% [12, 13].

Descriptive statistics (mean, range, standard deviation
[SD]) were used to present patient demographics, liver ARFI
values and spleen ARFI values. An analysis of variance
(ANOVA) test was used to determine whether significant

Fig. 1 Acoustic radiation force impulse (ARFI) imaging measurements
in a healthy 6-year-old boy using a 6C1 probe. a In the sagittal plane,
shear wave velocity is 2.54 m/s at a depth of 3.3 cm. b In the axial plane,
shear wave velocity is 2.30 m/s at a depth of 2.1 cm
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differences in liver and in spleen (axial and sagittal) ARFI
values existed between age groups. A paired Student’s t-test
was used to test for differences between axial and sagittal
spleen ARFI values. A Pearson’s test was used to assess linear
correlation as function of age. All analyses were done using
Python’s (Python Software Foundation, Beaverton, OR)
SciPy open source library.

Results

Baseline characteristics (Table 1)

Of the 105 eligible children, we excluded three patients for
whom valid measurements in the liver and spleen were not
available due to poor compliance. Of the remaining 102 pa-
tients, the mean age was 6 years (range: 8 weeks to 17 years,
SD: 5.1 years) with the majority being male (67%). The mean
body mass index (BMI) was 16.9 kg/m2 (SD: 3.0 kg/m2). The
population was divided into four age groups with a balanced
number per group — group 1 (n=25): 0 to <1 year, group 2
(n=25): 1 to <5 years, group 3 (n=25): 5 to <10 years and
group 4 (n=25): 10 to 17 years.

The splenic lengths in the different age groups were as
follows: <1 year: 51 mm (range: 40–68 mm, SD: 7 mm), 1
to <5 years: 70 mm (range: 54–89 mm, SD: 9 mm), 5 to
<10 years: 86 mm (range: 60–105 mm, SD: 9 mm) and 10
to <17: 101 mm (range: 74–130 mm, SD: 12 mm).

All patients had normal hepatic stiffness values for their
respective age groups as compared to relevant values in the
literature [10]. The average median value in the liver was 1.03
±0.15 m/s (IQR/M: 0.19±0.09 m/s).

Splenic ARFI measurements

A total of 1,697 splenic stiffness measurements were retained
for statistical analysis. For splenic stiffness, an average of nine
(SD: two) measurements in the axial and sagittal planes was
performed, after removing invalid measurements. Mean mea-
surement depth for splenic ARFI varied according to age —
<1 year: 2.3 cm (range: 1.5–3.7 cm, SD: 0.4 cm), 1 to <5 years:
2.7 cm (range: 2.0–3.9 cm, SD: 0.4 cm), 5 to <10 years:

3.1 cm (range: 2.0–5.5 cm, SD: 0.7 cm) and 10 to <17 years:
3.7 cm (range: 2.4–6.3 cm, SD: 0.8 cm).

The median spleen stiffness was 2.43±0.31 m/s for the
entire cohort. Spleen stiffness values by age and plane are
available in Figs. 2 and 3. The average median value of spleen
elastography for all children was 2.46±0.29 m/s in the sagittal
plane and 2.43±0.32 m/s in the axial plane with Student’s
t-test P-value=0.18 (Fig. 4).

The spleen values (median, range and SD) according to
group age are as follows: in the sagittal plane, group 1: 2.44
(2.10–2.78, SD: 0.2), group 2: 2.50 (2.00–3.01, SD: 0.23),
group 3: 2.50 (2.09–2.98, SD: 0.21) and group 4: 2.40
(1.48–3.61, SD: 0.38); and in the axial plane, group 1: 2.49
(1.93–3.28, SD: 0.28), group 2: 2.54 (2.10–3.16, SD: 0.24),
group 3: 2.52 (2.02–2.88, SD: 0.22) and group 4: 2.42 (1.75–
3.72, SD: 0.41).

The values of IQR/M by age in the axial plane are as fol-
lows: group 1: 24%, group 2: 18%, group 3: 19% and group 4:
15%. In the sagittal plane, values of IQR/M by age are as
follows: group 1: 29%, group 2: 22%, group 3: 17% and
group 4: 19% We observed that the IQR/M in group 1 was
higher compared to the other age groups (Mann-Whitney U
test: P=0.000005) and also in the sagittal plane versus axial
plane with Student’s t-test P=0.053 (Fig. 5).

Discussion

The use of liver elastography by US is a well-known and
standardized procedure in both adults and children. Hepatic
elastography has become an indispensable complementary
tool to basic abdominal US in all children with chronic liver
disease to detect fibrosis. During the past decade, clinicians
have shown increased interest in liver stiffness assessment to
help manage patients with hepatic disease.

In recent years, some pediatric studies have analyzed the
added value of spleen elastography to liver elastography for
these patients. It appears that an increase in spleen stiffness
might provide earlier indirect signs of portal hypertension than
liver stiffness measurements [2, 3, 14, 15]. Portal hypertension
manifests as venous congestion of the spleen and development
of esophageal varices. For example, in the pediatric study by

Table 1 Demographic data of the
population by age group 0–1 year

n=25

1–5 years

n=25

5–10 years

n=25

10–17 years

n=27

Age in years, mean±SD 0.4±0.3 2±1 7±1 13±2

Gender (F/M) 8/17 5/19 9/18 10/16

BMI (kg/m2), mean±SD 16.5±2.8 15.9±2.5 16±2.3 19.3±3.1

Spleen length (mm), mean±SD 51±7 70±9 86±9 101±12

BMI body mass index, F female, M male, SD standard deviation
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Tomita et al. [16], the cutoff value for splenic stiffness mea-
surements was determined as 2.93 m/s, with 100% sensitivity
and 78.9% specificity, but this study did not mention any
normal values.

As stiffness measurements vary amongmanufacturers, each
system must have its own reference values [17]. After using
ARFI liver elastography with quantitative p-SWE over the last
10 years, we have found it is necessary to standardize spleen
elastography techniques and to establish age-specific normal
values for a large pediatric population, using more recent ma-
terial, with the Siemens Acuson System with S3000 platform.

Some studies concerning splenic stiffness in children with
chronic liver disease provide normal values in small control
groups, but these were obtained from US machines from

various manufacturers, thus compromising any reliable com-
parison of the values [6, 18]. Splenic stiffness measurements
from these manufacturers were either expressed in kilopascal
(kPa), e.g., with a median of 17.85±1.3 kPa on 10 children
ages 4 to 14 years [5], or expressed both in kPa and m/s, e.g.,
with a median of 16.8 kPa (1.6–22.8 kPa) and 2.4 m/s (2.0–
2.7 m/s) in 37 patients (0.5–18.5 years) [19].

Only two previous pediatric studies have reported normal
values for splenic stiffness by ARFI and have described the
technique in children on the same manufacturer’s US equip-
ment. The first, performed by Canas et al. [7], reported normal
values of spleen elastography by ARFI with two types of

Fig. 2 A scatterplot with a regression line of the relationship between age
(years) along the horizontal axis and median sagittal spleen shear wave
velocities acoustic radiation force impulse (ARFI) (m/s) along the vertical
axis (P-value=0.20, r=−0.131)

Fig. 3 A scatterplot with a regression line of the relationship between age
(years) along the horizontal axis and median of axial spleen shear wave
velocities acoustic radiation force impulse (ARFI) (m/s) along the vertical
axis (P-value=0.047, r=−0.198)

Fig. 4 Box plots of median spleen elastography values between probe
positions, axial and sagittal, in all populations. The line in the middle of
the box is the median, the bottom and top of the box are the 25th and 75th
percentiles. ARFI acoustic radiation force impulse

Fig. 5 Box plots of interquartile range/median (IQR/M) of spleen
elastography values between both probe positions, sagittal and axial.
ARFI acoustic radiation force impulse
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probes, one convex 4C1 and one linear 9L4. Sixty-eight chil-
dren divided into 4 groups were recruited for the study and the
mean shear wave velocities were 2.17 m/s (SD: 0.35m/s) with
the 4C1 probe and 2.15 m/s (SD: 0.23 m/s) with the 9L4
probe. Five measurements were obtained with vertical orien-
tation to the spleen during free breathing. In view of their
results, the authors divided the children into only two age
groups [7]. In the second study, performed by Lee et al.
[20], two probes were also used (9L4 and 4C1) and the mean
value was 2.25±0.03 m/s. Their cohort was very large, inclu-
ding 200 children divided into 3 groups, but none <1 year of
age. Only three measurements were made in the spleen and
the probe orientation was not specified [20]. Although both
studies provided necessary contributions to this literature, they
both used 4C1 and 9L4 probes with a previous generation US
machine (Acuson S2000).

Our splenic elastography results are slightly higher than
those published by Canas et al. [7] and Lee et al. [20].
Compared to these studies that report normal values using
ARFI, our study reports on a more homogenous age distribu-
tion between the four age groups and also includes very young
children. Furthermore, from a statistical point of view, we
performed more measurements per child (on average nine
instead of five or three in other studies) and this may improve
the final median values [7, 20]. On the other hand, our mea-
surements were taken at end-expiration for the entire cohort
(to increase homogeneity of the technique) because of the
difficulty in having some children, often the younger ones,
collaborate with breath-hold during the examination [21]. In
our study, the average depth of the ROIs was 2.3–3.9 cm
depending on age, contrary to others in the literature (range
of depth 1.1–7.4 cm with the 4C1 probe [7] and 1.1–4.0 cm
with the 9L4 probe [20]).

Furthermore, we have observed more variability (IQR/M)
for measurements in children <1 year old probably due to
movement artefacts and difficult to access/smaller spleens.
We hypothesized that there would be less variability in mea-
surements in the axial plane because we were able to better
stabilize our probe and perhaps better control movement arte-
facts. However, our results showed no significant difference in
spleen stiffness based on plane orientation.

This study has several limitations. Based on the number of
cases, our sub-analysis was grouped by age. We were unable
to do a sex-based sub-analysis because there were not enough
cases per age group and sex available. We have not
established intra−/interobserver variability, but the measure-
ments were performed by senior pediatric radiologists with
many years of experience in the ARFI technique [1, 10, 22,
23]. Another limitation of this study concerns the inclusion
criteria of presumably healthy children. Patients who were
cited as otherwise healthy with no known medical conditions
were presumed healthy and included in the study. Laboratory
confirmation was not performed as this was considered too

invasive. To manage this limitation, we ensured a normal liver
US, liver stiffness measurements and normal spleen length as
part of our inclusion criteria. Fasting is recommended for liver
elastography and we are aware of this limitation in our study.
These was no strict fasting since it was not necessary for the
US indications. Despite this limitation, our liver stiffness
values were within normal limits.

It is interesting to note that we observed higher normal
spleen stiffness values compared to normal liver stiffness
values in our population. This has not yet been reported in
the literature in the same pediatric population using the same
technique. Early detection of portal hypertension might bene-
fit from the addition of spleen elastography to liver
elastography in pediatric chronic liver disease to obtain addi-
tional information, and further work is needed in this field.
However, having baseline normal splenic values in children is
the first step in this process.

Conclusion

The normal spleen p-SWE using ARFI values are on average
2.4 m/s and therefore higher than those of the liver, which are
around 1 m/s. For chronic liver disease in children, US liver
elastography is part of the basic conventional abdominal US
examination and the addition of spleen stiffness measure-
ments may provide additional information in the evaluation
of portal hypertension. This technique is feasible in children,
regardless of age.We recommend positioning the US probe in
an axial rather than sagittal plane to obtain values that are less
affected by respiratory movements, especially in young
children.
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