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PURPOSE 
We aimed to determine the comparability of real-time tissue 
elastography (RTE) and transient elastography (TE) in pediat-
ric patients with liver diseases.

MATERIALS AND METHODS
RTE was performed on the Elasticity QA Phantom Model 
049 (Computerized Imaging Reference Systems Company 
Inc., Norfolk, Virginia, USA), which has five areas with differ-
ent levels of stiffness. RTE measurements of relative stiffness 
(MEAN [mean value of tissue elasticity], AREA [% of blue col-
or-coded stiffer tissue]) in the phantom were compared with 
the phantom stiffness specified in kPa (measurement unit of 
TE). RTE and TE were performed on 147 pediatric patients 
with various liver diseases. A total of 109 measurements were 
valid. The participants had following diseases: metabolic liver 
disease (n=25), cystic fibrosis (n=20), hepatopathy of un-
known origin (n=11), autoimmune hepatitis (n=12), Wilson’s 
disease (n=11), and various liver parenchyma alterations 
(n=30). Correlations between RTE and TE measurements in 
the patients were calculated. In addition, RTE was performed 
on a control group (n=30), and the RTE values between the 
patient and control groups were compared.

RESULTS
The RTE parameters showed good correlation in the phan-
tom model with phantom stiffness (MEAN/kPa, r=-0.97; 
AREA/kPa, r=0.98). However, the correlation of RTE and TE 
was weak in the patient group (MEAN/kPa, r=-0.23; AREA/
kPa, r=0.24). A significant difference was observed between 
the patient and control groups (MEAN, P = 5.32 e-7; AREA, 
P = 1.62 e-6). 

CONCLUSION
In the phantom model, RTE was correlated with kPa, con-
firming the presumed comparability of the methods. How-
ever, there was no direct correlation between RTE and TE in 
patients with defined liver diseases under real clinical con-
ditions.

L iver histology is considered a gold standard for detecting liver dis-
eases. However, due to its various limitations, including pain, sam-
pling variability and even death, many non-invasive methods have 

been developed as alternative approaches to liver biopsy (1–4). The ul-
trasonographic methods include transient elastography (TE; Fibroscan®, 
Echosens, Paris, France), real-time tissue elastography (RTE; Hitachi, To-
kyo, Japan), acoustic radiation force impulse imaging (ARFI; Siemens 
Healthcare, Erlangen, Germany), and real-time shear wave elastography 
(SWE; SuperSonic Imagine S.A., Aix-en-Provence, France).

TE was the first ultrasonography (US) method for determining liver 
elasticity, and it was introduced in 2003 (5). Since 2008, with the intro-
duction of a new, appropriate probe with a smaller diameter (S-probe), 
the method has also been used in small children and infants. The tech-
nique provides a direct evaluation of liver elasticity using an impulse 
emitted through the skin. The propagation velocity of this impulse is 
proportional to the stiffness and thus to the amount of connective tis-
sue in the liver. This stiffness is expressed in kilopascals (kPa). There 
have been a considerable number of studies on the use of TE in both 
adults and children (6–8), and the normal values for TE in children were 
defined by Engelmann et al. (9).

RTE is another US device for directly displaying tissue elasticity while 
obtaining a B-mode US before and under light compression. The chang-
es in strain distribution in RTE are calculated by an algorithm called 
the “extended combined autocorrelation method,” and these changes 
are displayed as a colored histogram. Mean value of liver elasticity is 
expressed in arbitrary units (a.u.). There have been numerous studies 
of RTE in adults (10, 11) with specific liver diseases, but the normative 
values with this method have not been determined in children yet. 

ARFI is a further developed US method for measuring liver elasticity, 
using a special software package (virtual touch quantification, Siemens 
Healthcare), yielding a measurement in meters per second (m/s). There 
have been several studies that have used ARFI in children to assess liver 
diseases (12), and the control values for ARFI in children were recently 
published (13).

SWE is a novel elastography method for measuring liver elasticity in 
kPa with the Aixplorer ultrasound system. It displays a color-coded im-
age superimposed on a B-mode image in real time, like RTE, using Son-
icTouch™ technology (14).

These methods, which share the aim of detecting liver fibrosis, are 
not directly comparable because they rely on different technical mea-
surement methods and different units for their results (kPa in TE, m/s in 
ARFI, a.u. in RTE, kPa in SWE). This incompatibility makes the follow-up 
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of patients by different institutions 
more difficult. Not every institution 
can be expected to have all these meth-
ods available. Additionally, although 
there have been studies of specific liv-
er diseases in pediatric patients, e.g., 
autosomal recessive polycystic kidney 
disease in TE or postchemotherapeu-
tic changes in liver disease in pediatric 
oncology patients with ARFI (15, 16), 
a controlled histological study with 
elastography and histological grading 
has not been undertaken in pediatric 
patients yet. The results of these differ-
ent elastography techniques, offered 
by different manufacturers, have not 
been clearly defined yet according to 
different stages of liver fibrosis in chil-
dren or on the basis of which diseases 
would truly benefit from elastography. 
These techniques must still be ana-
lyzed in clinical settings relative to in-
dividual experiences in single centers. 
Therefore, in the future, controlled his-
tological studies will be undertaken to 
analyze the comparability of different 
elastography techniques in children.

The present study aimed to make a 
statement about the feasibility of RTE 
using a phantom model and compare 
RTE and TE in a sample of patients 
with various liver diseases.

Materials and methods
RTE was performed with the Prei-

rus™ (Hitachi) device and a 7–3 MHz 
linear transducer (L52). Compared to 
the older devices produced by Hitachi, 
RTE pictures have slightly better reso-
lution with Preirus. Due to the lower 
frequency compared to the older Hi-
tachi ultrasound probes, L52 allows 
for measurements even in patients 
with greater distances from the sur-
face of the skin to the liver (e.g., in 
obesity and ascites). The RTE software 
is based on the extended combined 
autocorrelation method (17). The rel-
ative elasticity of liver tissue is calculat-
ed according to the strain distribution 
under light compression. Softer tissue 
can be compressed more easily than 
stiffer tissue; thus, the amount of dis-
placement of the reflected ultrasound 
echoes is smaller in stiffer tissue. RTE 
displays color-coded RTE images and 
B-mode images simultaneously in real 
time (Fig. 1). On the RTE image on 
the left in Fig. 1, the stiffer areas are 

represented in blue, whereas the soft-
er areas are represented in green and 
red. The color-coded RTE images are 
produced in RTE using the pulsing of 
the aorta to present tissue distortion. 
Every RTE examination should last at 
least five seconds. Thus, the RTE pic-
ture is produced as the mean of the 
RTE pictures from more than three 
heartbeats. There is a sinus curve be-
neath the RTE image, which shows the 
accuracy of the measurements (Fig. 2). 
After a region of interest (ROI) is cho-
sen from the color-coded area, graded 
from blue to red with a 225×225 pixel 
matrix (length×breadth, 2.7×2.7 cm), 
a histogram of strain elasticity values 
of the matrix, in relative values from 
0 to 255, is calculated in the system. 
A scale is produced from blue to red. 
The RTE software (TE 5 Elastoboard; 
Hitachi) generates a histogram describ-

ing the mean value of tissue elasticity 
(MEAN) and 10 other additional statis-
tical values, to describe the statistical 
distribution of elasticity values, in-
cluding AREA as the main parameter 
for defining the characteristics of the 
blue (stiffer) areas in the ROI. AREA 
represents the percentage proportion 
of blue (stiffer) areas within the ROI.

To edit these parameters and obtain 
a single result, several authors have de-
veloped different scoring systems (10, 
18). None of these scoring systems have 
been validated in different pathologies 
or in childhood diseases or have been 
standardized (19). The newer elasticity 
score developed by Wang et al. (20) has 
also not been validated yet. The aim of 
this study was not fibrosis gradation. It 
was to determine the accuracy of RTE 
in a phantom model and to determine 
the correlations with TE. Additionally, 

Figure 1. Stiffness is shown on a  real-time tissue elastography (RTE) image on the left, according 
to stiffness levels in colors (red and green, soft tissue; blue, stiffer tissue). On the right side, the 
B-mode image appears for orientation to determine the most suitable location for a region of 
interest on the RTE image. A histogram of strain elasticity values of the matrix, in relative values 
from 0 to 255, is calculated in the system.

Figure 2. Sinus curve beneath the real-time tissue elastography image to show the 
reproducibility of the image, according to the heartbeat.
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the previous study of Morikawa et al. 
(11) speculated that MEAN and AREA 
might directly represent liver elastici-
ty. Therefore, instead of calculating a 
complex index, we focused on MEAN 
and AREA, which are recommended as 
important parameters by the manufac-
turer.

MEAN represents the mean value of 
tissue elasticity in a range of 0–255 a.u., 
which are not standard units but rela-
tive values for measuring the propor-
tion of a certain quantity according to a 
reference measurement. There is a neg-
ative correlation between MEAN and 
stiffness. MEAN decreases, and AREA 
increases with increasing stiffness.

TE determines liver elasticity with an 
ultrasound probe by measuring the ve-
locity of a mechanical impulse to the 
liver tissue. The stiffness (E) is measured 
in kPa, depending on the density (P) 
and the velocity of the shear wave of 
this impulse (Vs²), using the following 
formula: E=3pVs² (21).

TE produces a mechanical impulse 
of 50 Hz lasting 20 ms. This impulse 
is delivered from the probe to the 
skin, and it continues into the depths 
of the skin. The elastic shear wave is 
measured by an US probe. During this 
measurement, the probe focuses on 
a certain defined distance from the 
transducer to prevent the influence 
of adipose tissue. There are two types 
of probes: an S-probe (frequency, 5 
MHz; probe diameter, 5 mm) and an 
M-probe (frequency, 3.5 MHz; probe 
diameter, 7 mm). The manufacturer 
recommends that the measurements 
be performed with the M-probe on par-
ticipants with a thoracic circumference 
greater than 75 cm. Participants with a 
thoracic circumference less than 75 cm 
should be examined with the S-probe. 
The S-probe has two different modes: 
S1 and S2. The S1 mode of the S-probe 
allows for measurements of small chil-
dren or babies with a thoracic circum-
ference less than 45 cm, whereas the S2 
mode is suitable for measurements of 
participants with a thoracic circumfer-
ence of 45–75 cm. The measurement 
depth differs with the other probes and 
modes: M-probe, 2.5–6.5 cm; S-probe 
S1 mode, 1.5–4 cm; and S-probe S2-
mode, 2–5 cm.

RTE was performed on the liver tis-
sue-mimicking Ultrasound Elasticity 

QA Phantom Model 049 (Computer-
ized Imaging Reference Systems Com-
pany Inc., Norfolk, Virginia, USA) 
(Fig. 3). The phantom consisted of a 
water-based gel (Zerdine®) with tis-
sue-equivalent ultrasound properties 
(sound speed, 1545±6 m/s; attenuation 
coefficient, 0.50±0.05 dB/cm/MHz). 
In the background material with an 
elasticity of 29.4±8% kPa, at 21°C), 
spherical lesions of two different siz-
es were introduced with four different 
elasticities (lesion type I, 7.3 kPa; type 
II, 18.8 kPa; type III, 45.9 kPa; type 
IV, 61.5 kPa). The examinations were 
performed at room temperature by an 
observer with more than one year of 
ultrasound experience in children un-
der the supervision of two US examin-
ers who had the most experience and 
highest educational level certified by 
the German Society of Ultrasound in 
Medicine (DEGUM level III of three ex-
perience levels).

RTE uses the pulsing of the aorta to 
present tissue distortion. Because of 
the lack of a pulsing aorta in the phan-
tom, the examinations were performed 
using minimal efficient pressure with a 
free-hand technique.

With the HI-RTE from HI Vision 
Preirus™, the stiffness of the vari-
ous structures within the phantom 
could be visualized as a colored over-
lay (maximum, 2.7×2.7 cm) of the 
B-mode image. RTE measurements 
were performed at a depth of 3.5 cm 
in the center of the larger lesions and 
in the background material. To select 
an ROI as large as possible for the mea-
surements in the lesions, the exam-
inations were performed in the larger 
lesions (diameter, 2 cm) with two of-
fered possibilities of lesion size. It was 
attempted to choose an area of 1×1 
cm so the ROI would remain entirely 
within the lesion, without measuring 
the background material. Thereby the 
background influence on the stiffness 
measurements of the lesions would be 
minimized. First, RTE was performed 
in the background with an ROI of 
2.7×2.7 cm. To obtain measurements 
approximately at the same depth in 
the lesions, the ROI was chosen in the 
background at an approximate depth 
of 2.2–4 cm (Fig. 4).

Ten measurements per point were 
obtained, and the mean values of the 
RTE parameters (MEAN and AREA) 

Figure 3. A three-dimensional illustration of the phantom (Elasticity QA Phantom Model 049). 
The phantom consisted of spherical lesions of two different sizes (diameter, 1 and 2 cm) with 
four different elasticities (lesion type I [L1], 7.3 kPa; type II [L2], 18.8 kPa; type III [L3], 45.9 kPa; 
and type IV [L4], 61.5 kPa). The real-time tissue elastography examinations were performed in 
the background, with larger lesions to select a region of interest as large as possible.
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were calculated. Pearson’s product-mo-
ment correlation test was performed 
to compare these mean values with 
phantom stiffness in kPa, which also 
represented the technical unit of TE. R 
software, version 2.10.1 (The R Foun-
dation for Statistical Computing), was 
used for the statistical analyses.

The study protocol was in accor-
dance with the Helsinki Declaration 
and was approved by the local ethics 
committee. Written consent was ob-
tained from the participants or their 
parents (for children younger than 18 
years old).

Between October 2010 and March 
2012, a total of 147 patients young-
er than 20 years old (67 females, 80 
males; mean age, 10.38±5.13 years), 
with several defined diseases with liver 
infestation, participated in the study. 
The patient group is described by labo-
ratory findings (platelets, prothrombin 
time [INR], aspartate aminotransferase 
[SGOT], AST platelet ratio index [APRI 
score]), body mass index (BMI), BMI 
standard deviation score and clinical 
findings.

With both methods (RTE and TE), the 
measurements of the right lobe of the 
liver were obtained in the 7th or 8th 

intercostal space in the anterior axillary 
line, during inspiration in the supine 
position with the right arm elevated 
above the head. The participants had 

to lie still during the examination. The 
examinations were performed by two 
experienced observers, who were qual-
ified and supervised by a B-mode-expe-
rienced pediatric radiologist (DEGUM 
level II).

On TE, participants with a thoracic 
circumference of less than 45 cm were 
examined with the S-probe in S1 mode 
(n=14, 9.5%), whereas the participants 
with a circumference between 45–75 
cm were examined in S2 mode (n=53, 
36%). The remainder of the partici-
pants with a thoracic circumference 
greater than 75 cm were examined 
with the M-probe (n=80, 54.5%). Each 
participant was examined with only 
one probe. Ten measurements were 
obtained from each participant with 
TE. These measurements had to be ob-
tained within three minutes so they 
would not differ by more than 30% 
with each other (interquartile range 
[IQR]<30%). At least 60% of them had 
to be valid. The device displayed the 
mean value of the measurements auto-
matically as a single result in kPa. 

On RTE, three measurements were 
obtained from every participant, and 
the mean of the two parameters MEAN 
and AREA were calculated. RTE mea-
surements were obtained by setting 
the ROI in a region without large ves-
sels, using the simultaneous B-mode 
picture. 

The TE measurements from 38 par-
ticipants (approximately 25%) were 
invalid due to high IQR values, so 
they were excluded from the study. 
The included patients (n=109) had the 
following diseases with liver involve-
ment: metabolic liver disease (n=25); 
cystic fibrosis (n=20); hepatopathy of 
unknown origin (n=11); autoimmune 
hepatitis (n=12); Wilson’s disease 
(n=11); alpha-1 antitrypsin deficiency 
(n=3); autosomal recessive polycystic 
kidney disease (n=1); cholestatic hep-
atitis (n=1); Crohn disease (n=1), Ep-
stein-Barr virus infection (n=2); extra-
hepatic biliary atresia (n=1); factor VII 
deficiency and cirrhosis (n=1); hepati-
tis B (n=6); hepatitis C (n=1); juvenile 
infantile arthritis (n=1); Byler disease 
(n=1); nonalcoholic steatohepatitis 
(n=3); kidney transplantation (n=4); 
medication-induced hepatitis (n=1); 
primary sclerosing cholangitis (n=1); 
and cirrhosis of unknown origin (n=1). 

Our TE values from the participants 
were compared with the normal values 
of TE in children, defined by Engel-
mann et al. (upper limits of normal for 
0–5 years: 4.4 kPa in females, 4.6 kPa in 
males; 6–11 years: 4.4 kPa in females, 
4.6 kPa in males; 12–18 years: 4.7 kPa 
in females, 5.6 kPa in males) (9). 

The normal RTE values for children 
have not been published yet. We calcu-
lated the control values in 30 healthy 
participants (15 females and 15 males; 
mean age, 10.07±5.54 years) without 
known liver diseases and without any 
of the inclusion criteria for the patient 
group, as described above. The MEAN 
and AREA values of the control group 
were compared with the MEAN and 
AREA values of the study population 
with various liver diseases according 
to the Mann-Whitney U test. The re-
sults for TE in kPa were compared with 
MEAN in a.u. and AREA in the same 
patients, and Pearson’s product-mo-
ment correlation coefficients were cal-
culated to determine the correlations.

Results
RTE in the phantom model and 
comparison of the parameters with 
phantom stiffness

By choosing ROIs in the background 
and in lesions (L) 1–4, following means 
for MEAN and AREA were calculated re-
spectively, from the 10 measurements: 

Figure 4. On the phantom, real-time tissue elastography measurements were obtained in 3.5 
cm of depth in the larger lesions (diameter, 2 cm). With increasing stiffness of the lesions, the 
proportion of the blue area in the region of interest increased, and the histogram shifted to the left.
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114.12±1.59 and 12.50±1.67 for back-
ground; 162.51±5.14 and 0.82±1.09 
for L1; 148.83±7.19 and 1.45±1.13 for 
L2; 85.37±4.71 and 28.92±5.72 for L3; 
76.71±6.82 and 38.26±4.39 for L4.

The RTE parameters showed strong 
correlation in the phantom mod-
el with the phantom stiffness speci-
fied in kPa (MEAN/kPa, r=-0.973, P = 
0.005, 95% confidence interval [CI]: 
-0.998, -0.641; AREA/kPa, r=0.981, P 
= 0.003, 95% CI: 0.739, 0.999; Figs. 5, 
6). There was a strong inverse correla-
tion between phantom stiffness and 
MEAN; one increased while the other 
decreased. In the same direction, there 
was a strong relationship between 
phantom stiffness and AREA: both in-
creased and decreased in the same di-
rection.

Comparison of RTE and TE in the patient 
group

The characteristics of the included 
participants are shown in Table 1. The 
measurements for TE ranged from 2.6 to 
69.1 kPa. The upper values were found 
in patients with metabolic liver diseas-
es (mainly type I glycogenesis), cys-
tic fibrosis and liver cirrhosis. Despite 
known diseases with liver involvement, 
the TE results of 42 of the 109 included 
patients (38.5%) were with the normal 
ranges, according to the normal values 
for children provided by Engelmann. 

In 40 of 67 patients with increased TE 
values, an increase in liver enzymes was 
observed (59%). All 40 of these partic-
ipants showed increased SGOT values 
and APRI scores. Only seven of 67 par-
ticipants had pathological INR values 
(10%), and six participants had high 
platelet counts (9%). 

Similar with TE, the patients with 
metabolic liver diseases (mainly type I 
glycogenesis), CF and cirrhosis showed 
the most significant changes in  
RTE. The median of MEAN in the pa-
tient group was 103 a.u., and the me-
dian of AREA was 28. The median of 
MEAN in our small control group was 
109 a.u., and the median of AREA was 
20 (Table 2).

The MEAN and AREA values showed 
significant differences between the 
study population and the small control 
group (MEAN, P = 5.32 e-7 at 5% signif-
icance level; AREA, P = 1.62 e-6 at 5% 
significance level) (Figs. 7, 8).

Figure 5. MEAN showed a strong correlation in the phantom model with phantom stiffness, 
specified in kPa (MEAN/kPa: r=-0.973, P = 0.005, 95% CI=-0.998, -0.641). MEAN, mean value of 
tissue elasticity in real-time tissue elastography.
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The correlations of both methods, 
RTE and TE, were similar in direction 
but were much weaker in the patient 
group (MEAN/kPa, r=-0.226, P = 0.017, 
95% CI=-0.397, -0.040; AREA/kPa, 
r=0.238, P = 0.012, 95% CI=0.052, 
0.408, Figs. 9, 10).

Discussion
Several noninvasive methods have 

been developed lately to replace the 
liver biopsy, which is the gold stan-
dard for determining liver elasticity. 
Alternative ultrasonographic methods 
to detect liver fibrosis include TE, RTE, 
ARFI, and SWE.

These methods are not directly com-
parable with each other because they 
are based on different technical units 
of measurement. This incompatibil-
ity of the results complicates the fol-
low-up of patients by different institu-
tions. Thus, in this study, we aimed to 
examine the conversion of the results 
from these different methods, to facil-
itate the control of patients and to as-
sess the feasibility of RTE in a phantom 
model with different stiffness levels in 

kPa, by performing multiple measure-
ments. 

TE belongs, like ARFI and SWE, to 
the dynamic elastography methods for 
measuring liver elasticity. In contrast, 
RTE is a static elastography method 
(22). This was the first study compar-
ing RTE and TE in pediatric patients 
with clinically defined diseases.

TE measurements are not practica-
ble in phantom models because the 
localization of the lesions requires 
B-mode US. It is impossible to obtain 
an exact measurement of the lesions 
in the phantom with TE without the 
effect of the phantom background. TE 
is rather suitable for detecting diffuse 
liver changes but not single lesions. 
However, the stiffness of the phantom 
lesions is predetermined by the phan-
tom manufacturer.

With RTE, phantom lesions were 
easily detected on B-mode images, 
and ROIs were easily localized on le-
sions. The ROI had a quadrangular 
shape, which was laid over the le-
sions, equivalent to the procedure in 
patient examinations. Measurements 

were obtained in the larger lesions of 
2 cm diameter to select an ROI as large 
as possible. The ROIs remained in the 
lesions to prevent the influence of the 
background. The 10 measurements of 
one lesion showed a small range of 
values in RTE, indicating the repro-
ducibility of the measurement results. 
Higher values in kPa of the lesions 
were correlated with lower values for 
MEAN and higher values for AREA. 
The measurements in the phantom 
model represented the measurements 
of a defined distance of the reference 
nodule, using a free-hand technique 
in vitro. Havre et al. (23) measured the 
strain ratio (quotient of mean strain 
in reference surrounding an inclusion 
and mean strain inclusion), and they 
demonstrated that changing the size 
of the lesion (reference area), while 
keeping the center depth the same, 
did not influence the mean strain ratio 
levels significantly for in vitro phantom 
model measurements. A change of po-
sition of the reference area to a deep-
er position influenced the strain ratio 
measurements using RTE (23). Lesion 

Table 1. Characteristics of the study patients at the time of the real-time tissue elastography and transient elastography examinations 

Characteristics Patients (n=109)

Gender (female/male) 45/64

Age (years) 11.21 (0–20)

BMI (kg/m2) 17.48 (11.65–34.90)

BMI-SDS -0.015 (-4.27–-2.77)

Thrombocytes (/nL) 302 000 (149 000–869 000)

Prothrombin time (INR) 1.03 (0.90–1.40)

SGOT (U/L) 41 (13–1625)

APRI-score 1.06±2.66 (0.06–21.68)

Transient elastography (kPa) 5.9 (2.6–69.1)

MEAN (a.u.) 109 (69–119)

AREA 28 (10–60)

APRI-score, aspartate aminotransferase to platelet ratio index; AREA, percentage proportion of blue (stiffer) areas within the region of interest in real-time tissue 
elastography; BMI, body mass index; BMI-SDS, body mass index standard deviation score; INR, international normalized ratio; MEAN, mean value of tissue elas-
ticity in-time tissue elastography; SGOT, aspartate aminotransferase. 
Data are given as median (range). 

Table 2. Distribution of MEAN values in the control group (n=30) and patient group (n=109) 

MEAN Minimum First quarter Median Mean Third quarter Maximum

Control group  102 107 109 109 111 114

Patient group  69 96 103 101 108 119

MEAN, mean value of tissue elasticity in real-time tissue elastography.
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position in our study was defined by 
the phantom model.

The correlations of the RTE results 
and the phantom stiffness levels, spec-
ified in the unit of TE (kPa), were sat-
isfying.

Our next goal was to compare the 
RTE and TE methods in patients with 

defined liver diseases or with diseases 
with liver involvement. 

Since the introduction of TE into 
daily practice in adult hepatology (5), 
it has continued to gain importance 
in pediatric patients as well. Liver stiff-
ness measures between 2.5 kPa and 75 
kPa. There have been several studies 

in adults to define the normal values 
of TE (24–26). Engelmann et al. (9) de-
fined normal values for the pediatric 
age group. The upper limit of normal 
was dependent on the child’s age and 
sex. In our patients, 61.5% demonstrat-
ed higher values than the upper limit 
of normal. Lesion 1 in the phantom 
model was slightly higher than the up-
per limit of normal values; background 
and lesions 2–4 represent high kPa val-
ues, expressing severe fibrosis or liver 
cirrhosis in adult patients (11, 24–26). 
However, the gradation of elastog-
raphy methods in children has been 
missing in the literature, so the lower 
or higher values in TE should be inter-
preted with great caution in pediatric 
patients. As reported by Friedrich-Rust 
et al. (27), most elastography studies 
have previously been performed with 
transient elastography, and future 
studies will demonstrate whether oth-
er elastography methods that are inte-
grated into routine ultrasound devices 
have similar prognostic significance in 
chronic liver diseases. The limitations 
of TE have been described in early 
studies, and they include ascites, ele-
vated BMI, and intra-abdominal and 
central venous pressure (28–31).

In the previous study of Morikawa 
et al. (11), healthy adult participants 
and patients with hepatitis C were ex-
amined. The histological fibrosis grade 
was correlated with RTE parameters. 
Approximately 75% of the healthy par-
ticipants without any liver changes or 
with decent grades of liver fibrosis (F1) 
had MEAN values greater than 100. 
Our pediatric control values (median 
of MEAN, 109) were slightly greater 
than the values of Morikawa et al. (11). 
Comparing these control values from 
healthy children with those from pa-
tients with liver diseases, we observed 
lower values for MEAN and higher 
values for AREA in the patient group, 
but with a great area of overlap with 
values greater than 100 a.u. for MEAN 
and less than 30% for AREA. Neverthe-
less, the difference between the two 
groups was statistically significant. It 
also should be noted that the control 
values for RTE cannot be interpreted as 
normative values because of the small 
number of participants in this study.

The correlations of both methods in 
the participants with several liver dis-

Figure 7. Comparison of the RTE parameter MEAN between the patient and control groups. 
MEAN, mean value of tissue elasticity in real-time tissue elastography.
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eases were not as satisfying as the cor-
relations between RTE and phantom 
stiffness. This weak correlation of both 
methods in vivo showed that they were 
correlated with each other, but not as 
strongly as they should have been to 
offer satisfying comparability. There 
was a tendency toward higher values 
in TE, representing lower values for 
MEAN in RTE and higher values for 
AREA.

In our opinion, there are several 
reasons for these differences, indicat-
ing the limitations of this study. With 
regard to the patient group, various 
factors should be considered, such as 
the compliance of the patients. First, 
strict compliance cannot always be 
achieved, especially with small chil-
dren younger than five years old (9). 
In addition, the depth of breathing can 
vary in patients. Another difficulty is 
that the changing or extreme compres-
sion of the observer can influence the 
color code images and thus the sub-
sequent statistical parameters on RTE 
(18). Although the examinations were 
performed by two experienced observ-
ers, and the latest available probe was 
used for the RTE measurements to pre-
vent this difficulty, there was still an 
irrepressible error rate. An important 
limitation of the phantom study was 
the free-hand technique used, rather 
than using a pressure-defined mechan-
ical setting. To minimize the effect of 
manual pressure, the manual pressure 
applied to the phantom was minimal, 
only sufficient to achieve a colored 
elastography picture.

When manual pressure, using the 
free-hand technique in the phantom 
model, generated the elastogram, tis-
sue movement was generated by the 
pulse, which generated the elastogram 
in patients, causing great difference 
between the two presented correlation 
studies.

Other differences between the mea-
surements in the phantom model and 
in the patients were the measurement 
depth, the size of the ROI and the 
number of investigators. In the phan-
tom study, the measurements were ob-
tained at 3.5 cm of depth in the lesions 
and at approximately 2.2–4 cm of 
depth in the background. However, in 
the patients, the measurements were 

Figure 9. MEAN and transient elastography showed a weak correlation in the patients (MEAN/
kPa: r=-0.226, P = 0.017, 95% CI=-0.397, -0.040).  MEAN, mean value of tissue elasticity in real-
time tissue elastography.
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obtained at a depth 1 cm below the 
liver capsule, as instructed by the man-
ufacturer. The size of the ROI on the 4 
phantom lesions was 1x1 cm, whereas 
it was 2.7×2.7 cm in the patients and 
in the background of the phantom. 
The TE measurements were obtained 
with an S-probe (S1- and S2-mode) or 
M-probe depending on the patients’ 
thoracic diameters. The depth of mea-
surement with the S-probe was 1.5–4 
cm in S1-mode and 2–5 cm in S2-mode. 
The M-probe measured to a depth of 
2.5–6.5 cm, i.e., different from the ROI 
measurement depth in patients (1–3.8 
cm). In addition, the depth of the sub-
cutaneous adipose tissue differed in 
each patient, whereas the depth in the 
phantom was constant. In the phan-
tom study, the measurements were 
obtained by the same investigator; 
however, in the patient group, they 
were obtained by two experienced, but 
different, investigators. Additionally, 
the vessels have high elasticity and can 
affect the measurements. Therefore, in 
this study, we attempted to select pos-
sibly avascular regions by detecting the 
branches of the portal veins with si-
multaneous B-mode imaging. Howev-
er, it was not always possible to avoid 
the small vessels during the measure-
ments in the patient group because of 
the larger size of the ROI. Additionally, 
exact correlation of a synthetic poly-
mer in a stiff box cannot be expected 
with the biological tissues encountered 
in clinical examinations.

The aim of this study was not to cor-
relate single values from TE or RTE with 
the stage of fibrosis in different diseas-
es but was to determine the correlation 
of the values with TE and RTE. Howev-
er, it seemed to be a limitation of this 
study that the study population was 
not a homogenous group of patients 
with the same diseases. Additionally, 
the participants with the same liver 
diseases were not in the same stages of 
liver structure changes, and the cases 
were not histologically controlled. 

Another important limitation of our 
study was that we could not study the 
inter- or intraobserver variability of 
RTE, because most of the participants 
in the pediatric study group could not 
tolerate longer examination times or 
repetitive measurements by two ob-

servers successively with the two elas-
ticity methods. 

In conclusion, based on our findings, 
we do not recommend transferring the 
results produced with TE directly to 
RTE or vice versa in pediatric patients. 
To come to a more accurate decision 
about the grading of diffuse liver pa-
thology in pediatric patients using dif-
ferent elastography methods, further 
studies are necessary with histological-
ly defined liver structure changes from 
liver biopsy. In the future, it will be 
important to calculate the values from 
different elastography methods in dif-
ferent stages of liver fibrosis in specific 
pediatric liver diseases.  
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