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Abstract

Background Chronic kidney disease (CKD) is a significant health issue in pediatric patients due to fibrosis progres-
sion. Shear wave elastography (SWE) is a noninvasive technique used to assess fibrosis in CKD, but its efficacy needs
to be better established. This study aimed to compare SWE with nuclear scan in assessing fibrosis in pediatric CKD
patients.

Aim To determine the area of scarring/fibrosis of each kidney using shear wave elastography in chronic kidney dis-
ease and compare it with technetium-99m dimercaptosuccinic acid (DMSA) results.

Methods A prospective study included 39 chronic kidney disease patients who underwent shear wave elastogra-
phy and grayscale ultrasound. DMSA scans were performed to identify scar areas of the kidneys. Young modulus was
recorded for each pole of both kidneys and compared with scar areas on DMSA. Thirty-nine age-matched controls
underwent shear wave elastography to estimate the average elasticity value in the normal population.

Results Thirty-nine CKD patients underwent this study, with 10 females and 29 males. The median age was 6.5 years.
The cutoff value of cortical thickness <10.2 predicted scar on DMSA with a sensitivity of 79% and a specificity of 77%.
The cutoff value of elasticity value >5.57 kPa predicted scar on DMSA with a sensitivity of 87% and a specificity of
96%. Median SWE values were significantly higher with the scar on DMSA (12.6 kPa) compared to no scar on DMSA
(4.1 kPa). The controls mean values and standard deviation were 2.42 kPa and 0.45 kPa, respectively.

Conclusions Shear wave elastography has revealed that patients with chronic kidney disease exhibit higher values
in the areas where scarring has occurred, compared to non-scarred areas. Fortunately, integrating shear wave elastog-
raphy into routine ultrasonography assessments is a straightforward and painless process that requires no additional
preparation from the patient. Not only is this method time efficient, but it also eliminates the need for potentially risky
radiation exposure from radionuclide tests in the future.
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Background
Chronic kidney disease (CKD) is a significant public
health issue [1]. Evidence suggests that patients with
advanced CKD have a higher risk of morbidity and mor-
tality [2]. CKD has several serious health effects, includ-
ing renal failure and an increased risk of cardiovascular
disease. CKD is a disorder involving permanent kidney
damage and the potential progression to end-stage
renal disease (ESRD). Extensive epidemiological studies
have focused on CKD in adults, but its frequency in the
pediatric population remains poorly understood. Pedi-
atric chronic kidney disease (CKD) presents with spe-
cific clinical features that particularly affect the growth
and development of children [3]. Unfortunately, CKD is
often clinically silent, especially during its initial stages,
which leads to an underestimation of its true incidence
and prevalence based on epidemiological data. How-
ever, despite its asymptomatic nature, CKD has a signifi-
cant psychosocial impact on both the affected child and
their family. The challenges associated with CKD, such
as frequent medical visits, dietary restrictions, and the
potential need for dialysis or transplantation, can disrupt
normal daily life and create emotional stress for the child
and their loved ones. Notably, the frequency of CKD has
experienced a remarkable increase, which can be attrib-
uted to the significant advancements in CKD treatment
and improved survival rates [4]. These advancements
have provided better management options and increased
life expectancy for children with CKD, but they have also
contributed to the growing prevalence of the disease, fur-
ther emphasizing the need for comprehensive support
and care for pediatric CKD patients and their families.
Ultrasonography (USG), computed tomography (CT),
magnetic resonance imaging (MRI), and renal biopsy are
commonly used imaging modalities to detect and evalu-
ate renal disorders. Each modality has its advantages and
disadvantages. Ultrasonography (USG) is the most widely
used modality to detect chronic kidney disease (CKD)
in pediatric patients. USG is noninvasive, readily avail-
able, and does not involve radiation exposure, making
it particularly suitable for use in children. It can provide
valuable information about renal size, echogenicity, and
the presence of structural abnormalities. However, it is
important to note that USG may not be able to provide
quantitative measurements and a detailed evaluation
of certain renal conditions [5]. In such cases, additional
imaging modalities or procedures, such as CT scans or
renal biopsy, may be necessary for a more comprehen-
sive assessment, along with an estimated glomerular
filtration rate (eGFR), which is an indirect measure influ-
enced by various factors like muscle mass, protein intake,
and muscle damage [6]. Nonetheless, USG remains an
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essential tool in the initial evaluation and monitoring of
pediatric CKD patients.

Doppler ultrasound may help identify CKD and its pro-
gression to ESRD. CEUS (contrast-enhanced ultrasonog-
raphy) is a technique with no known nephrotoxicity.
There is mounting evidence that CEUS has a role in renal
lesion characterization [7], assessment of renal perfusion,
and evaluation of renal transplant complications.

Sonoelastography, specifically shear wave elastogra-
phy (SWE), has gained popularity for assessing soft tis-
sue elasticity alongside traditional ultrasound techniques.
SWE is objective, quantifiable, and repeatable, making it
useful in detecting kidney fibrosis and scarring. By meas-
uring tissue stiffness, SWE provides valuable information
about the elastic properties of the kidney. Young’s mod-
ulus (YM) is a measure of tissue elasticity, with higher
values indicating more fibrosis [8]. SWE, already FDA-
approved for liver assessment to distinguish between
normal and cirrhotic livers [9], can potentially be used
in CKD patients to evaluate disease severity and moni-
tor treatment. Our study aimed to utilize SWE to iden-
tify CKD kidney scarring/fibrosis areas and compare the
results with DMSA imaging.

Methods

Patients

This prospective institution-based study was conducted
over 18 months on 39 patients with chronic kidney dis-
ease from any cause who came for pre-therapeutic assess-
ment or follow-up during their management course. All
patients underwent conventional grayscale ultrasonog-
raphy and shear wave elastography, followed by a DMSA
scan. Child assent (the parent or legal guardian) form was
taken from all patients to use their results data.

Inclusion criteria for cases

All the children (0-18 years) diagnosed with CKD had
a minimum renal cortical thickness of ~0.5 cm or more
on ultrasound (the 0.5 cm threshold was chosen because
ROI (region of interest) for taking elasticity values would
not accommodate any thickness smaller than 0.5 cm).

Exclusion criteria for cases

We excluded the patients with any condition impeding
visualization of the kidney by Ultrasonography. Children
who could not hold their breath/follow the examiner’s
command.

Inclusion criteria for controls

Random controls were taken (0-18 years) for children
with normal renal function tests. Children who came for
ultrasonography for diseases other than renal cause.
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Technique

The scans were done using an Esaote, my laboratory e
XP USG machine by an experienced radiologist with
12 years of experience in ultrasonography and 5 years of
experience in elastography.

Conventional grayscale ultrasonography evaluation

Both kidneys were subjected to a routine ultrasonog-
raphy examination in the supine position using a curvi-
linear probe (the Esaote C1-8 Curved Array Transducer
with a frequency range of 1.0-8.0 MHz). Kidney evalua-
tion through ultrasound includes measuring the bipolar
length and cortical thickness, as well as visually examin-
ing renal echogenicity compared to the liver and spleen.
Normal kidneys have similar or lower echogenicity com-
pared to the surrounding organs. Renal cortical thickness
was measured between the kidney’s outer border and the
corticomedullary junction.

SWE evaluation

The same operator with 12 years of experience in ultra-
sonography and 5 years of experience in elastography
performed the shear wave elastography examination
using the same ultrasound instrument in the supine posi-
tion with a curved array transducer with a frequency
range of 1.0-8.0 MHz. Patients were scanned regard-
less of their bladder status. The transducer was posi-
tioned parallel to the renal axis view, and patients were
told to hold their breath. The renal cortical thickness and
Young’s modulus were recorded at both cases” and con-
trols’ upper, lower, and interpolar regions. A small ROI
box was established in the outer renal cortex, excluding
the renal medulla and sinus, to quantify the SWE esti-
mates of renal Young’s modulus (YM in kPa). Two reads
were taken at each pole, and then the mean and standard
deviation of YM measurements were recorded.

Table 1 Summary of basic patient demographics and clinical data
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DMSA scan

Cases underwent DMSA scans on a dual-headed gamma
camera with 16-slice SPECT/CT (Discovery NM-CT),
and they were administered 99 mTc-DMSA intrave-
nously (1.85 MBq/kg (0.05 mCi/kg)) after 3 h, and static
planar pictures of their kidneys in anterior and posterior
projections were produced. Renal counts were gathered
using a gamma camera. The numbers from each kidney
were corrected for perirenal background values, tissue
absorption, and radioactive decay. Renal uptake of 99
mTc-DMSA was calculated as a percentage of fixed net
injected activity in each kidney, revealing the kidneys’ rel-
ative function as a percentage. Dominant kidneys had the
greatest rates of 99 mTc-DMSA uptake. The total of both
sides’ renal function was 100 percent. The scans were
interpreted by an experienced nuclear medicine radiolo-
gist with 15 years of experience. Shear wave elastography
was conducted on the same day as the DMSA scan.

Statistical analysis

Microsoft Excel and IBM Statistical Package for Social
Sciences (SPSS) Statistics version 26 software were used
for statistical analysis, and p-values less than 0.05 were
considered to indicate statistically significant differences.
Nonparametric tests (Spearman correlation) were used
to explore the correlation between the two variables. Cut-
off values were estimated using ROC (receiver operator
characteristic) curve analysis, where the differences were
statistically significant.

Results

There were 39 patients assessed using serum creatinine,
eGFR, conventional ultrasonography, shear wave elas-
tography, and 99 mTc-DMSA renal scintigraphy. Basic
patient demographics and clinical data are illustrated in
Table 1. The diagnosis of patients is summarized in Fig. 1.

Basic details Mean +SD Median (IQR) Min-Max Frequency (%)
Age (years) 6.17+£4.32 5.00 (3.30-8.00) 0.25-17.00

Age group

0-5 years 21 (53.8%)
6-10 years 12 (30.8%)
11-18 years 6 (15.4%)
Gender

Male 29 (74.4%)

Female 10 (25.6%)

Serum creatinine (mg/dL) 1.67+£1.29 1.36 (0.79-2.06) 0.26-6.20

eGFR (mL/min/m?) 10241 +58.13 86.00 (58.50-152.00) 11.00-214.00
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Fig. 1 Bar graph showing the frequency of diagnosis in patients who underwent the study
Table 2 Values of the parameters in case population
All parameters Mean +SD Median (IQR) Min-Max Frequency {%)
Cortical thickness 1061197 10.65 (9.20-11.90) 5.50-15.60
Reduced cortical thickness (Yes) 79 (35.6%)
Elasticity value 7.51+6.39 4.80(3.59-10.49) 1.20-48.78
Scar on DMSA (Yes) 85 (38.3%)

For the evaluation of all the poles in all the patients,
we considered each pole as an individual, i.e., n=222 (4
patients had a single kidney, so it came out to 222 poles).
The mean cortical thickness was 10.61+1.97. 35.6% (79)
of the participants had reduced cortical thickness. The
mean elasticity value was 7.51+6.39. 38.3% (85) of the
participants had scars on their DMSA, and 61.7% (137)
of the participants had no scars on their DMSA. All these
parameters are summarized in Table 2.

The variables shown in Table 3 (i.e., reduced cortical
thickness and scar on DMSA) were significantly associ-
ated (p <0.05) with the variable elasticity value.

Association between scar on DMSA and elasticity values

Table 4 summarizes the elasticity values at the upper
pole, interpolar region, and lower pole of both kidneys.
The elasticity value in the group with scars on DMSA

Table 3 Association between elasticity value and parameters
(reduced cortical thickness and scar on DMSA)

Parameters Elasticity value p value

Reduced cortical thickness***

Yes 12834753 <0.001°2
No 4574283

Scar on DMSA***

Yes 1296+7.17 <0.0012
No 4124212

***Sjgnificant at p < 0.05, *Wilcoxon-Mann-Whitney U test

ranged from 3.59 to 48.78. The elasticity value in the
group without scar on DMSA ranged from 1.2 to 17.3.
Table 5 summarizes the scar at different regions of the
kidney on DMSA.
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Table 4 Summary of elasticity value

Elasticity value Mean+SD Median (IQR) Min-max
Right upper pole 7324558 4.95 (4.30-9.52) 1.2-28.2
Right interpolar 6.81+8.06 4.20(3.32-6.38) 1.2-48.8
Right lower pole 6.12+4.53 4.60 (3.28-6.84) 2.1-20.8
Left upper pole 9.18+7.91 5.20(4.25-13.22) 1.3-36.8
Left interpolar 795+5.86 1(3.58-13 42) 1.9-228
Left lower pole 7.79+5.66 480 (3.63- 21-21.7
Table 5 Summary of scar on DMSA

Scar on DMSA Yes No

Right upper pole 15 (39.5%) 3 (60.5%)
Right interpolar 8(21.1%) 30 (78.9%)
Right lower pole 10 (26.3%) 28 (73.7%)
Left upper pole 9 (52.8%) 17 (47.2%)
Left interpolar 6 (44.4%) 20 (55.6%)
Left lower pole 7 (47.2%) 19 (52.8%)

There was a significant difference between the two
groups in terms of elasticity value (p=<0.001), with
the median elasticity value being highest in the scar on
DMSA. The box-and-whisker plot for the distribution of
elasticity value in the 2 groups, i.e., the group with the
scar and the group without the scar. The middle hori-
zontal line represents the median elasticity value; the
upper and lower bounds of the box represent the 75th
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and 25th centiles of elasticity value, respectively, and the
upper and lower extents of the whiskers represent the
Tukey limits for elasticity value in each of the groups. The
median (IQR) elasticity value in the group with the scar
on DMSA was 12.6 (8.8—-15.2). The median (IQR) elas-
ticity value in the group without scar on DMSA was 4.1
(3.1-4.8) (Fig. 2).

Correlation between cortical thickness and elasticity value
(n=222)

Nonparametric tests (Spearman correlation) were used
to explore the correlation between the two variables, as
at least one of the variables was not normally distributed.
The scatterplot depicted in Fig. 3 showed the correlation
between cortical thickness and elasticity value, and there
was a moderately negative correlation between cortical
thickness and elasticity value, and this correlation was
statistically significant (rho=—-0.4, p= <0.001).

Diagnostic performance of SWE

The ROC curve was used to evaluate the diagnostic per-
formance of SWE imaging, cortical thickness, and elas-
ticity parameters in diagnosing scars on DMSA. When
the sum of sensitivity and specificity is maximized, the
best cutoff value of cortical thickness <10.2 mm pre-
dicts scar on DMSA with a sensitivity of 79% and a
specificity of 77% (Fig. 4). Similarly, in ROC curve anal-
ysis for the diagnostic performance of elasticity value in
predicting scar on DMSA (n=222), a cutoff of elasticity
value >5.57 kPa indicates scar on DMSA with an 87%
sensitivity and a 96% specificity (Fig. 5). In predicting

Association Between Scar on DMSA and Elasticity
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Fig. 2 The box-and-whisker plot above depicts the distribution of elasticity value in the 2 groups. The middle horizontal line represents the median
Elasticity Value, the upper and lower bounds of the box represent the 75th and the 25th centile of Elasticity Value, respectively, and the upper and
lower extent of the whiskers represent the Tukey limits for Elasticity Value in each of the groups
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Fig. 4 ROC curve analysis for cortical thickness in predicting scar on
DMSA

the scar on DMSA, the area under the ROC curve for
elasticity measurements, i.e., SWE imaging, outper-
forms cortical thickness (Fig. 6). The better parameter
in terms of diagnostic accuracy is the elasticity value, as
shown in Table 6.
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Fig. 6 Comparison of the diagnostic performance of various
predictors in predicting scar on DMSA: Yes versus scar on DMSA: No
(full sample) by ROC curve

Table 6 Comparison of the diagnostic performance of various
predictors in predicting Scar on DMSA: Yes versus scar on DMSA:
No (full sample)

Predictor AUROC 95% Cl
Cortical thickness 0.827 0.765-0.888
Elasticity value 0.936 0.901-0.972
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Fig. 8 A 10-year-old male case of vesico-uretric reflux disease showing shear wave elastography images depicting increased young modulus
values(Average Elasticity values of 20.88 kPa) at the right interpolar poles after applying the ROI circle corresponding DMSA images depicts reduced

cortical tracer uptake at the interpolar regions of the right kidney

Figure 7 shows how kidney length and cortical thick-
ness were measured in the longitudinal section of the
kidney. Figures 8 and 9 show two pediatric chronic kid-
ney disease patients that illustrate increased elasticity
values with corresponding photopenic areas in both pat
ients.

Mean elasticity value in controls

For all 39 controls, the mean elasticity values came to
2.42 kPa, and the standard deviation was 0.45 kPa (Fig. 10).
So, elasticity values above 2.4 +0.45 kPa can be considered
abnormal, and shear wave elastography can predict a scar
in the kidney at an elasticity value >5.57 kPa.
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Fig. 9 A 6-year-old male with recurrent urinary tract infection with reflux shows shear wave ultrasonography with increased young modulus
values(Average Elasticity values of 7.82 kPa) at the left lower poles after applying the ROI circle. And the corresponding DMSA images depicting
focal areas of reduced tracer uptake are seen in the left kidney’s upper pole and lower pole
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Fig. 10 Bar chart showing mean and standard deviation of young modulus values in both the kidneys in all the controls

Discussion

Chronic kidney disease (CKD) is a common medical
condition in children that can lead to renal fibrosis and
scarring, resulting in the loss of kidney function. Early
diagnosis and monitoring of renal fibrosis are crucial in
improving the management and outcome of children
with CKD [10]. Various imaging modalities have been
used for the detection and evaluation of renal fibrosis,
including conventional ultrasound, nuclear scintigraphy,
and shear wave elastography (SWE). In this study, we
compared the diagnostic accuracy of SWE with nuclear
scintigraphy in evaluating renal fibrosis in children with
CKD.

This study aimed to provide a more reliable and
straightforward way to assess the scarred area of the kid-
neys and to give a means for determining scarred areas
other than a DMSA scan, especially in locations where
nuclear medicine resources are few. SWE imaging is a
noninvasive approach to evaluating the mechanical stiff-
ness of tissue. Shear wave elastography has been used

0.45

2

in the liver and has shown that hepatic inflammation
increases tissue stiffness estimates in patients with liver
disease. It is now well established that elastography can
stage liver fibrosis. SWE is commonly utilized in clini-
cal settings to distinguish between early and severe liver
fibrosis without requiring a biopsy [11].

CKD would cause tissue stiffness to change in a way
SWE could detect. We believed this was biologically
plausible since fibrosis and inflammation of the renal
parenchyma are known to occur in CKD, and fibrosis has
been demonstrated to alter tissue SWE estimations of tis-
sue stiffness in other organs.

In a trial focused on Chinese people, the study included
patients at different stages of the disease, assessed the
correlation between shear wave elastography measure-
ments and kidney function, and did not include healthy
patients as a control group [12]. Sensitivity and speci-
ficity for assessing tissue stiffness were 84% and 80%,
respectively. On the other hand, in our study, we included
controls and CKD patients at any stage of the disease. So
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we were also able to know the values that represent the
normal population. However, our results were consistent
with the fact that CKD leads to an increase in tissue stiff-
ness, resulting in higher elasticity values.

Several studies have investigated the use of SWE in
assessing renal fibrosis in adults with CKD. A study by
Yoon et al. found that SWE could accurately predict the
severity of renal fibrosis in adults with CKD [13]. Simi-
larly, a study by Chen et al. found that SWE had a high
diagnostic accuracy in predicting renal fibrosis in adults
with CKD [14].

In pediatric patients, there have been fewer studies
investigating the use of SWE in assessing renal fibrosis.
A study by Huang et al. [15] compared the diagnostic
performance of SWE with renal biopsy in 78 adults with
CKD and found that SWE had a sensitivity of 85.7% and
a specificity of 88.5% in detecting moderate to severe
fibrosis. These findings are consistent with our study, as
the diagnostic performance of elasticity value in predict-
ing scar on DMSA is 87% sensitivity and 96% specificity,
which found that SWE had good diagnostic performance
in detecting renal scars in children with CKD. In another
study by Turgutalp et al. with 30 participants, the sensi-
tivity and specificity of SWE to diagnose the presence of
interstitial fibrosis for YM >15 kPa were 89% and 90%,
respectively [16]. On the other side, in our study, a cut-
off of 5.57 kPa was determined for the area of scarring,
which is much lower than the peer study by Turgutalp.

One study by Zhang et al. [17] investigated the use of
SWE in detecting renal fibrosis in 150 adults with IgA
nephropathy and found that SWE had a sensitivity of
94.1% and a specificity of 88.5% in detecting fibrosis. This
study reported higher sensitivity and lower specificity
than our study. There were differences in patient popu-
lations or differences in the criteria used to define renal
fibrosis, which was by renal tissue biopsy.

Another study by Wu et al. [18] investigated the use of
SWE in detecting renal fibrosis in 71 adults with CKD
and found that SWE had a sensitivity of 75.8% and a spec-
ificity of 92.3% in detecting fibrosis. This study reported
lower sensitivity and higher specificity than our study,
which may be due to differences in patient populations or
differences in the SWE measurement techniques used.

We found an increase in young modulus values in
scarred kidneys, which were in line with those of Goya
et al. [19], who found increased SWVs in scarred kid-
neys. In addition, we discovered that the area under the
ROC curve for identifying scarred regions in kidneys
using SWE imaging was better than standard ultrasound
parameters in our investigation.

In a study by Grosu et al. [20], in their study "chronic
kidney disease patients, there were 22 healthy controls,
and it was found that the mean SWV of the normal right
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kidney was 1.23+0.33 m/s; and the normal left kidney
was 1.26+0.32 m/s."

The average elasticity values and standard devia-
tion from 39 controls taken in our study came out to be
2.42+0.45 kPa (Fig. 10). In our study, at a cutoff elastic-
ity value>5.57 kPa, shear wave elastography predicted
scar on DMSA with a sensitivity of 87% and a specificity
of 96%. Yang et al. [21] conducted a study that included
120 patients with idiopathic nephrotic syndrome and
concluded that SWE technology is a potential method for
noninvasive quantitative measurement of renal paren-
chyma stiffness to determine the pathological changes of
INS renal parenchyma and evaluate the effectiveness of
steroid therapy.

However, there are limitations to the study, includ-
ing the small sample size and the use of a single-center
design. As ultrasonography was performed by one radi-
ologist, we could not analyze interobserver variability,
which may limit the generalizability of the findings.

Conclusions

Shear wave elastography has shown better results than
conventional ultrasound for assessing chronic kidney
disease. It is a noninvasive technique that could identify
areas of scarring with higher sensitivity and specificity
and could become an alternative for radionuclide study;
i.e., 99TC-dimercaptosuccinic acid has an inherent radi-
ation risk that is of serious concern in the pediatric age
group and is also a cheaper modality, especially in chil-
dren who are on regular follow-up with 99TC-dimer-
captosuccinic acid, and could be particularly useful in
monitoring disease progression and guiding treatment
decisions. Further research is needed to confirm the util-
ity of SWE in clinical practice, including the development
of standardized protocols for its use in the assessment of
pediatric CKD patients.
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