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Abstract: Objective: To evaluate the effectiveness of real-time shear wave elastography (SWE) in quantitative evalu-
ation of chronic kidney disease (CKD) in pediatric patients. Methods: SWE was conducted on 58 pediatric patients
with CKD (CKD group) and 70 healthy volunteers (Control group). Computer-assisted quantitative analysis was uti-
lized to determine the percentage of interstitial fibrosis (IF) in images from the CKD group, categorizing them into
mild, moderate, and severe groups according to IF% values. The differences in Young’s modulus (YM) and estimated
Glomerular Filtration Rate (eGFR) between the renal cortex and medulla in these groups were compared. Addition-
ally, the relationships between YM and IF% as well as YM and eGFR, were analyzed. Results: The YM values in right
lower pole cortex and medulla of the CKD group were significantly higher than those in the control group (all P <
0.05). Significant differences were observed in eGFR among mild, moderate, and severe CKD patients (F = 40.882).
YM demonstrated a correlation with eGFR in both the renal cortex and medulla (r =-0.329, P=0.012; r=0.417, P
=0.001). YM values increased with the severity of renal interstitial fibrosis in a pronounced trend across groups (F
=109.962, F = 72.950, all P < 0.001). Additionally, YM correlated with IF% in both the renal cortex and medulla (r =
0.362, P=0.006; r=0.483, P < 0.001). The optimal cut-off value of renal cortex YM for distinguishing between CKD
and control group was 4.05 kPa. Conclusion: SWE enables quantitative assessment of kidney YM values, revealing
significantly higher values in children with CKD compared to healthy individuals. YM is correlated with the severity
of renal interstitial fibrosis, thereby establishing SWE as a valuable non-invasive tool for quantitative evaluation of
pediatric CKD.
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Introduction which have been validated as predictors of
long-term health outcomes in adults [6]. How-

Chronic kidney disease (CKD) is a progres- ever, diagnosing CKD in children is particularly

sive and incurable condition characterized by
changes in renal structure and function due to
multiple etiological factors [1]. CKD poses a sig-
nificant global health burden, affecting approxi-
mately 10% of the adult population worldwide
and resulting in an estimated 10,000 deaths
and 20,000 life-years lost annually [2]. Pro-
jections indicate that by 2040, CKD will become
the fifth leading cause of death worldwide [3].
The impact of CKD extends beyond adults,
affecting pediatric populations as well [4]. The
traditional diagnostic approach for CKD primar-
ily relies on the measurement of glomerular fil-
tration rate (GFR) and albuminuria [5], both of

challenging due to the natural developmental
variations in GFR during childhood, complicat-
ing the application of a static diagnostic criteri-
on. This complexity necessitates a more nu-
anced understanding and approach to the diag-
nosis of pediatric CKD [7]. The Schwartz formu-
la, revised in 2009, is the most widely utilized
estimated Glomerular Filtration Rate (eGFR)
equation for diagnosing CKD in pediatric pa-
tients, based on serum creatinine levels [8].
However, the accuracy of this formula diminish-
es in individuals with GFR greater than 75 mL/
min/1.73 m? [9]. Additionally, the clinical mani-
festations of CKD in children vary widely, from
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subclinical conditions that may remain unde-
tected to severe renal impairment, which can
markedly reduce the quality of life and life ex-
pectancy for the child, while profoundly affect-
ing family dynamics [10].

Renal fibrosis is a key pathological change
associated with CKD in both adults and chil-
dren, represents an unavoidable progression
towards end-stage renal failure, with tubuloint-
erstitial fibrosis being particularly prevalent
[11]. Therefore, early detection and interven-
tion of renal interstitial fibrosis are essential for
preventing the progression of CKD. While renal
biopsy remains the definitive diagnostic meth-
od for renal fibrosis [12], its invasive nature
makes it unsuitable for routine monitoring or
dynamic assessment of CKD in pediatric pa-
tients. The introduction and growing utilization
of real-time shear wave elastography (SWE)
technology provide a promising alternative for
detecting renal fibrosis in pediatric CKD pa-
tients. SWE can qualitatively describe and
quantitatively measure the elasticity of biologi-
cal tissues. Research has demonstrated a cor-
relation between SWE measurements and the
presence of renal fibrosis, as confirmed by
pathology examination [13]. Moreover, the thin-
ner subcutaneous fat and muscle layers in chil-
dren significantly enhance the feasibility and
accuracy of SWE in detecting renal fibrosis.

In this study, we utilized SWE to assess and
compare renal tissue in pediatric CKD patients
to that in healthy controls. Additionally, we fur-
ther examined the relationship between the
degree of renal fibrosis, as determined by renal
biopsy, and the quantitative SWE measure-
ments. The objective is to evaluate the efficacy
of SWE as a diagnostic tool for detecting renal
interstitial fibrosis, offering a safer and more
accessible method for monitoring disease pro-
gression and treatment response in pediatric
CKD patients.

Materials and methods
Research subjects

Between January 2020 and December 2021, a
retrospective cohort of 58 children diagnosed
with chronic kidney disease (the CKD group) via
renal biopsy at the Affiliated Children’s Hospital
of Xiangya School of Medicine, Central South
University (Hunan Children’s Hospital) was es-
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tablished. Inclusion criteria for CKD included: (i)
Diagnosis of CKD according to K/DOQI criteria
[14]; (ii) Positive findings on renal biopsy; and
(iiif) Identification of renal structural alterations
using SWE within 2 days of admission. Exclusion
criteria included: (i) Age > 18 years; (ii) A history
of chronic conditions, such as hypertension,
diabetes, or coronary artery disease. Addi-
tionally, a control group of 70 healthy volun-
teers was included in this study. Patients in the
CKD group underwent renal biopsy, periodic
acid-Schiff (PAS) staining, and Masson staining
procedures. Ethical approval for this study was
granted by the Ethics Committee of the Affi-
liated Children’s Hospital of Xiangya School of
Medicine, Central South University (Hunan
Children’s Hospital).

Research methods

Calculation of eGFR: The eGFR was calculated
using the Schwartz formula [8]: eGFR = K x
Height/serum creatinine, where the K value
was set at 40 for infants aged 0-18 months, 49
for girls aged 2-16 years and boys aged 2-13
years, and 62 for boys aged 14-16 years.

SWE testing: The Color Doppler ultrasound
diagnostic device (Aixplore, SuperSonic Im-
agine) employed a convex array probe SC6-1
with a frequency range of 1 to 6 MHz. The con-
trol group underwent SWE examination of the
lower pole of both kidneys, while the CKD group
underwent SWE evaluation at the lower pole of
the right kidney (the site of renal biopsy). SWE
examinations for both groups were performed
by the same two physicians. After urination,
subjects reclined flat to expose the examina-
tion area. Upon inhalation, the children were
instructed to hold their breath for 3-5 seconds.
Once the image stabilized, the SWE detection
mode was activated with the shear wave elas-
ticity set between 0 and 180 kPa. The region of
interest (ROI) square frame, measuring 2 mm in
diameter, was strategically placed within the
renal biopsy area at the lower pole of the right
kidney. The ROl image was uniformly colored to
ensure consistency throughout the frame. After
stabilization, the images were captured, and
Young's modulus (YM) at the target site was
determined using the quantitative measure-
ment tool Q-box integrated into the Aixplore
software. The YM value at the target site was
assessed by performing three consecutive
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Table 1. Comparison of baseline data between CKD group and

control group

20x%, and saved as JPEG for-
mat images. Subsequently, a

Groups n Age (years) BMI(kg/m?) Gender (male/female)

C++ program was used to

Control group 70 9.40+2.23 20.64 +2.27

CKD group 58 9.55+2.36 20.61 +2.25
t-value/x?-value 0.373 0.098
P-value 0.710 0.922

41/29 apply a color segmentation al-
gorithm to analyze the Masson

35/23 L. .

0.041 and PAS staining images, cal-
’ culating the percentage of
0.839

Data are presented as mean + SD for continuous variables. BMI: body mass index;

CKD: chronic kidney disease.

Table 2. Disease distribution in CKD group

CKD Group n =58, n (%)
IgA nephropathy 16 (27.59)
Chronic glomerulonephritis 10 (17.24)
Nephrotic syndrome 10 (17.24)
Membranous nephropathy 9 (15.52)
Lupus nephritis 6 (10.34)
Purpura nephritis 4 (6.90)
Psoriatic nephritis 3(5.17)

CKD: chronic kidney disease.

measurements, with the average value repre-
senting the test outcome. In instances of un-
clear demarcation between the renal cortex
and medulla, the sampling site in the renal cor-
tex was positioned within 7 mm beneath the
renal capsule.

Histopathological examination and staining:
The lower pole of the right kidney was selected
as the puncture site with the assistance of the
Hivision Preirus ultrasound guidance system.
Initially, the skin at the puncture site was disin-
fected using iodophor and alcohol, followed by
coverage with sterile drapes. Subsequently,
local anesthesia was administered with 2%
lidocaine, after which the puncture procedure
was performed as guided by the display mark-
er, allowing for automatic sample retrieval. Two
to three tissue specimens were collected from
each kidney and preserved in FAA fixative. The
samples were subsequently embedded in par-
affin, cut into sections of 2-3 microns in thick-
ness, and subjected to periodic acid-Schiff
(PAS) and Masson staining.

Assessment of renal interstitial fibrosis: The
stained sections were scanned using a digital
section scanner (NanoZoomer-XR, C12000-
02). The scanned images were then processed
with NDP.view2 software. Initially, the renal
medulla region was extracted, magnified to
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positive staining for each. The
percentage of interstitial fibro-
sis (IF) was calculated using
the formula: IF% = Masson
staining positive pixel percentage - PAS staining
positive pixel percentage. Based on the IF%
value, children with CKD were classified into
three categories: Mild (IF% < 25%), Moderate
(IF%: 25-50%), and Severe (IF% > 50%).

Statistical analysis

Statistical analyses were conducted using
SPSS version 27.0 software. Continuous data
with normal distribution were presented as
mean * standard deviation. Independent sam-
ple t-tests were employed for between-group
comparisons, while one-way analysis of vari-
ance was utilized for multi-group comparisons.
The chi-square test was applied to analyze cat-
egorical data. The receiver operating character-
istic (ROC) curve was employed to establish the
diagnostic threshold and assess the area under
the curve (AUC). Spearman’s rank correlation
analysis was performed to examine the rela-
tionship between YM value and IF%. A p-value
of less than 0.05 was deemed statistically
significant.

Results

Comparison of baseline data between the CKD
group and the control group

No significant differences were observed in
age, sex, and body mass index between the
CKD group and the control group (all P > 0.05;
Table 1). All 58 patients with CKD were diag-
nosed with glomerular diseases with a detailed
distribution of specific diseases presented in
Table 2.

Comparison of YM values between the CKD
group and the control group

In the control group, the YM value of the renal
cortex at the lower pole of the left kidney (3.23
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Figure 1. Comparison of YM values. A. Comparison of YM values of renal
cortex and medulla in the lower pole of both kidneys in the control group.
B. Comparison of Young’'s modulus values between CKD group and control
group. R-C: renal cortex; R-M: renal medulla; YM: Young’s modulus; ns: non-
significant (Left renal: R-C vs R-M, P = 0.669; Right renal: R-C vs R-M, P =
0.472), ***P < 0.001.
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Figure 2. Comparison of IF% and YM values among various groups. A. The
distribution of CKD patients grouped according to IF%. B. Comparison of IF%
among different groups. C. Comparison of YM values of renal cortex and
medulla among different groups. R-C: renal cortex; R-M: renal medulla; IF:
interstitial fibrosis; YM: Young’s modulus; **P < 0.01; ***P < 0.001; com-
pared with Mild group, #P < 0.05 (R-C: Mild group vs Moderate group, P =
0.017; Mild group vs Severe group, P < 0.001; Moderate group vs Severe
group, P = 0.008); compared with Moderate group, TP < 0.05 (R-M: Mild
group vs Moderate group, P = 0.011; Mild group vs Severe group, P < 0.001;
Moderate group vs Severe group, P = 0.020).

+ 0.47 kPa) did not differ significantly from that
at the lower pole of the right kidney (3.20 +
0.51 KPa) (P = 0.669). Similarly, the YM value of
the renal medulla at the lower pole of the left
Kidney (2.27 + 0.35 kPa) did not differ signifi-

cantly from that at the lower pole of the right < 0.001).
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kidney (2.31 + 0.38 kPa), (P =
0.472; Figure 1A).

In the CKD group, the YM
value of the renal cortex at the
lower pole of the right kidney
was significantly elevated
(6.54 + 1.87 kPa) compared
to that in the control group
(3.20 £ 0.51 kPa, P < 0.05).
Additionally, the YM value of
the renal medulla at the lower
pole of the right kidney in the
CKD group was significantly
elevated (4.01 + 1.15 kPa)
compared to that in the con-
trol group (2.31 + 0.38 kPa, P
< 0.05; Figure 1B).

Comparison of YM values
across various CKD groups

The distribution of interstiti-
al fibrosis percentage (IF%)
among the mild, moderate
and severe CKD patients are
shown in Figure 2A, revealing
that the IF% in mild group was
12.49 + 4.34%, moderate
group was 34.12 + 7.46%,
and severe group was 55.24
+ 2.96%. Statistical differ-
ence was observed among
the three groups (F=210.393,
P < 0.001; Figure 2B).

As shown in Figure 2C, the YM
values for the renal cortex at
the right kidney in the control,
mild, moderate, and severe
groups were 3.20 + 0.51 kPa,
5.91 + 1.59 kPa, 7.13 + 0.41
kPa, and 9.38 + 1.62 kPa,
respectively. A significant dif-
ference was identified among
these groups (F = 109.962, P
< 0.001). The YM values for
the medullar region at the

right kidney in the control, mild, moderate, and
severe groups were 2.31 + 0.38 kPa, 3.65 +
1.08 kPa, 4.49 + 0.77 kPa, and 5.76 + 0.83
kPa, respectively. Statistical difference was
also noted among these groups (F = 72.950, P
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Table 3. Comparison of general data among mild, moderate and severe CKD groups

Groups n  Age(years) BMI(kg/m?) (ma?;r;gsqrale) (mL/m?S/F§73m2) R(chg;/l R(Kij—;')v|
Mild group 40 933+216 17594238  27/13 10050 + 1659 5.91+ 159 3.65+ 1.08
Moderate group 13 9.77 +2.55 17.53+1.78 5/8 72.73+818 743+0.41 4.49+0.77
Severegroup 5 10.80 +3.42 17.92 +2.62 3/2 4707 +7.75 9.38+1.62 5.76 +0.83
Fvalue/y?-value 0.934 0.054 3.458 40.882 40.882  23.201
Pvalue 0.399 0.947 0178 <0.001 <0001  <0.001

Data are presented as mean * SD for continuous variables. BMI: body mass index; CKD: chronic kidney disease; R-C: renal
cortex; R-M: renal medulla; YM: Young’s modulus; eGFR: estimated glomerular filtration rate.

A Renal cortex B Renal medulla 0.001; Figure 3A, 3B), but
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was 0.862 at a cut-off value of
7.50 kPa, with sensitivity and

specificity of 1.000 and 0.769,

YM value (Kpa)

Figure 3. Correlation between YM value, IF%, and eGFR. A. Correlation be-
tween renal cortex YM value and IF%. B. Correlation between renal medulla
YM value and IF%. C. Correlation between renal cortex YM value and eGFR.
D. Correlation between renal medulla YM value and eGFR. IF: interstitial fi-
brosis; YM: Young’s modulus.

No significant differences were observed in
age, sex and body mass index among CKD
patients across mild, moderate and severe
groups (F = 0.934, F = 0.054, F = 3.458).
However, significant differences were noted in
eGFR, YM value of the renal cortex (R-C), and
YM value of the renal medulla (R-M) among
CKD patients across these groups (F = 40.882,
F =40.882, F = 23.291; Table 3).

The correlation between YM, IF%, and eGFR

Spearman correlation analysis showed that YM
values of both the renal cortex and renal medul-
la were positively correlated with IF% in CKD
patients (r = 0.362, P = 0.006; r = 0.483, P <
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respectively. The AUC for distinguishing be-
tween mild and severe IF was 0.963 at a cut-off
value of 7.60 kPa, with sensitivity and specific-
ity of 1.000 and 0.900, respectively.

The AUC of the renal medulla YM value in distin-
guishing the pediatric CKD patients was 0.915
at a cut-off value of 2.95 kPa, with sensitivity
and specificity values of 0.828 and 0.986,
respectively. The AUC for distinguishing be-
tween moderate and severe was 0.877 at a
cut-off value of 5.25 kPa, with sensitivity and
specificity values of 0.800 and 0.923, respec-
tively. The AUC for distinguishing between mild
and severe was 0.963 at a cut-off value of 4.50
kPa, with sensitivity and specificity values of
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Table 4. The effect of YM value in distinguishing the CKD
R-C YM value Cut off (kPa) Sensitivity Specificity AUC (95% CI) P
Control group vs CKD group 4.05 0.931 0.971 0.964 (0.922-1.000) < 0.001
Mild vs Moderate 5.75 1.000 0.400 0.709 (0.566-0.852) 0.025
Moderate vs Severe 7.50 1.000 0.769 0.862 (0.685-1.000) 0.021
Mild vs Severe 7.60 1.000 0.900 0.963 (0.909-1.000) 0.001
R-M YM value Cut off (kPa) Sensitivity Specificity AUC (95% CI) P
Control group vs CKD group 2.95 0.828 0.986 0.915 (0.857-0.973) < 0.001
Mild vs Moderate 3.95 0.923 0.525 0.761 (0.615-0.906) 0.005
Moderate vs Severe 5.25 0.800 0.923 0.877 (0.674-1.000) 0.016
Mild vs Severe 5.42 1.000 0.850 0.963 (0.900-1.000) 0.001
R-C: renal cortex; R-M: renal medulla; IF: interstitial fibrosis; CKD: chronic kidney disease; AUC: under the curve; YM: Young’s
modulus.
A, Control Group vs CKD Group B |, Mild vs Moderate tively new imaging technolo-
/ Cre e gy, allows for quantitative
0.8 —RM 08 —R-M assessment of tissue stiff-
Zoed 2 oed ness [15]. The -correlation
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Figure 4. ROC curve of YM value of renal cortex and renal medulla in distin-

guishing disease severity. A. Distinguishing the control group
group; B. Distinguishing the Mild and Moderate groups; C. Dist

Moderate and Severe groups; D. Distinguishing the Mild and Severe groups.

R-C: renal cortex; R-M: renal medulla; IF: interstitial fibrosis
modulus.

1.000 and 0.850, respectively (Table 4 and
Figure 4).

Discussion

In recent years, various quantitative and non-
invasive techniques, such as real-time tissue
elastography (RTE), transient elastography (TE),
and real-time shear wave elastography (SWE),
have been employed to evaluate renal stiff-
ness. Among these techniques, SWE, a rela-
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interstitial fibrosis, ultimately
progressing to chronic renal
failure [21]. The extent of
renal fibrosis is a crucial fac-
tor influencing the prognosis
of kidney disease. Accurate
evaluation of renal fibrosis is
essential for timely interven-
tion. Renal parenchymal fibro-
sis is considered a key determinant of renal
function in CKD [22]. Recent studies have dem-
onstrated that fibrosis significantly impacts tis-
sue elasticity [23]. For example, during cirrho-
sis progression, normal liver tissue is pro-
gressively replaced by fibrous tissue, resulting
in increased tissue hardness [24]. Similar path-
ological changes may also occur in the kidneys
[25]. Research on fibrosis in renal transplanta-
tion has reported that SWE parameters of
transplanted kidney are positively correlated

T
0.8

and the CKD
inguishing the

; YM: Young’s
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with fibrosis [26, 27]. In CKD, SWE results cor-
relate with the degree of renal fibrosis and are
considered useful for evaluating early renal
injury [28].

Young’'s modulus (YM) represents the ratio of
stress to strain. According to Hooke’s law, with-
in the material’'s elastic limit, stress is directly
proportional to strain, and its magnitude re-
flects tissue elasticity. A higher YM value re-
flects greater tissue hardness [29]. SWE mea-
sures the YM value of tissues, allowing for
quantitative assessment of tissue elasticity
under different physiological conditions. At
present, the diagnosis of renal lesions largely
depends on renal parenchymal biopsy, an inva-
sive procedure unsuitable for frequent repeti-
tion and lacks real-time monitoring capability
for dynamic changes in renal lesions [30]. Al-
though traditional two-dimensional and three-
dimensional ultrasound methods can detect
changes in renal size and blood flow, they are
insufficient for accurately assessing variations
in renal stiffness [31]. SWE provides an alterna-
tive method to address these limitations.

In our study, we compared the YM values of the
renal cortex and medulla between the control
and CKD groups, revealing higher YM values in
the renal cortex relative to the renal medulla in
both groups. Similar findings have been report-
ed in previous studies [32, 33]. The renal paren-
chyma comprises the renal cortex and renal
medulla. The renal cortex is highly vascularized
and contains pink granules known as renal cor-
puscles, which are visible to the naked eye.
CKD is characterized by an excessive accumu-
lation of collagen fibers and fibronectin in the
kidney, leading to glomerulosclerosis and tubu-
lointerstitial fibrosis [34]. As a result, the dam-
age to the renal cortex is more pronounced
than that to the medulla, leading to a significant
increase in the YM value. Moreover, vascular
pressure affects tissue elasticity [35]. The
renal cortex displays a higher degree of vascu-
larization compared to the medulla, with pre-
dominant vascular resistance in this region
[36]. Our study also observed a higher YM value
in the CKD group compared to the control
group. Liu et al. [19] found that the YM value of
the right lower pole parenchyma in children
with CKD (16.0 + 4.7 kPa) was significantly
higher than that in the control group (8.3 + 2.4
kPa). Zhang et al. [37] showed that the YM
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value of the right lower pole parenchyma was
higher in the CKD group (21.99 + 11.87 kPa)
compared to that in the control group (4.50 +
0.59 kPa); however, notable discrepancies
were observed when compared to our findings.
This discrepancy might be due to Zhang et al.’s
failure to differentiate between the YM values
of the renal cortex and medulla. Reports indi-
cate notable variability in the hardness mea-
surements when different sizes of ROIs are
used within the same patient cohorts [38].
Therefore, it is essential to distinguish between
the renal cortex and medulla when assessing
renal stiffness, as the use of larger ROls may
include both regions and average the tissue
stiffness, potentially leading to inconsistent
results [39]. Leong et al. [34] found that a
smaller ROl of 2 mm may offer greater preci-
sion in evaluating renal stiffness compared to a
larger ROl of 4 mm, especially in complexly
compartmentalized organs such as the kidney.
Therefore, our findings highlight the importance
of evaluating renal stiffness by considering the
differences between the renal cortex and
medulla. Additionally, eGFR is a crucial index
for assessing CKD in children. The severity of
the disease correlates with a reduction in eGFR
levels [40]. Our study further revealed a signifi-
cant negative correlation between eGFR level
and YM value in CKD patients, indicating that
YM value could serve as a potential indicator
for evaluating CKD.

Percutaneous renal biopsy (PRB) remains the
most effective technique for evaluating renal
fibrosis and other alterations. During PRB,
Masson staining highlights collagen fibers in
blue or green, delineating both the renal inter-
stitial fibrosis and the basement membrane. In
contrast, PAS staining colors the basement
membrane purple [41]. Traditionally, the ass-
essment of stained sections is depended on
visual inspection [42], a method subject to low
repeatability and is prone to evaluator subjec-
tivity. Our study employed image processing
software and programming tools to facilitate
the evaluation of renal fibrosis. The findings
indicated an increase in YM values of the renal
cortex and medulla as fibrosis progressed,
exceeding those of the control group. Spearman
correlation analysis revealed a positive correla-
tion between YM value and IF%. Simultaneously,
ROC curve analysis was employed to evaluate
the discriminative capability of YM in differenti-

Am J Transl Res 2024;16(10):5595-5604



Real-time elastography in pediatric CKD

ating CKD and various IF% categories in our
research. Among the different groups, the YM
value of the renal cortex exhibited the highest
AUC for distinguishing between healthy children
and CKD patients, while demonstrating the low-
est AUC in differentiating between mild and
moderate cases.

A similar trend was observed for the YM value
in renal medulla. Consistent with our findings,
Hekimoglu et al. [43] utilized SWE to measure
the YM value of renal cortex in CKD patients,
and observed a gradual increase in YM values
with advancing pathological grade. Leong et al.
[34] reported that a renal cortex YM of 4.31
kPa effectively distinguished adult CKD cases,
(AUC = 0.870, sensitivity = 0.803, and specific-
ity = 0.795), corroborating our study’s findings.

However, several limitations are present in this
study. First, the single-center, retrospective
nature of the study may introduce potential
selection bias. In addition, the small sample
size limits the generalizability of our findings,
highlighting the need for larger, multi-center
studies to validate these results. Furthermore,
as SWE examination may be influenced by fac-
tors such as renal depth and vascular perfu-
sion, further research is needed to explore the
impact of these variables on detection ac-
curacy.

Conclusions

SWE technology enables quantitative assess-
ment of YM value in the kidneys. YM values in
renal cortex and medulla are elevated in chil-
dren with CKD compared to healthy individuals
and are correlated with the degree of renal
interstitial fibrosis. SWE can serve as a non-
invasive method for the quantitative evaluation
of renal interstitial fibrosis in children with CKD.
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