
Research Article
Quantitative Evaluation of Real-Time Shear-Wave
Elastography under Deep Learning in Children with Chronic
Kidney Disease

Jie Zhang ,1 Cuirong Duan ,2 Xingxing Duan ,1 Yuan Hu ,1 Jinqiao Liu ,1

and Wenjuan Chen 1

1Department of Ultrasound, Hunan Children’s Hospital, Changsha 410007, Hunan, China
2Department of Renal Rheumatology, Hunan Children’s Hospital, Changsha 410007, Hunan, China

Correspondence should be addressed to Wenjuan Chen; 2018060000022@jlxy.nju.edu.cn

Received 18 October 2021; Revised 18 December 2021; Accepted 22 December 2021; Published 6 January 2022

Academic Editor: M Pallikonda Rajasekaran

Copyright © 2022 Jie Zhang et al. ,is is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. ,is research was to study the application value of real-time shear wave elastography (SWE) quantitative evaluation based
on deep learning (DL) in the diagnosis of chronic kidney disease (CKD) in children.Methods. 60 children with pathological diagnoses
of CKD were selected as a CKD group. During the same period, 45 healthy children for physical examination were selected as the
control group. ,e application value of real-time shear-wave elastography based on DL in the evaluation of CKD in children was
explored by comparing the differences between the two groups.Results. It was found that the elastic modulus values of themiddle and
lower parenchyma of the left kidney and right kidney in the case group were (22.02± 10.98) kPa and (21.99± 11.87) kPa, respectively,
which were substantially higher compared with (4.61± 0.47) kPa and (4.50± 0.59) kPa in the control group. Young’s modulus (YM)
of the middle and lower parenchyma of the left kidney in patients with CKD stages 3 to 5 was 13.27± 0.83, 24.21± 5.69, and
31.67± 3.82, respectively, and that of the right kidney was 17.26± 0.98, 26.76± 7.22, and 32.37± 4.27, respectively, and the difference
was significant (P< 0.05). In patients with moderate and severe CKD, the YM values of the middle and lower parenchyma of the left
kidney were 17.27± 0.83, 27.93± 6.49, and those of the right kidney were 17.26± 0.98, 29.56± 6.49, respectively, and the difference
was statistically significant (P< 0.05). ,e serum creatinine (Scr) of the CKD group was substantially higher than that of the control
group, and the estimated glomerular filtration rate (eGFR) level of the former was lower than that of the latter. However, there was no
statistical difference between the YM values of the middle and lower parts of the left and right kidneys of the CKD group and the
control group. Conclusion. ,e DL-based SWE is a new noninvasive, real-time, and quantitative detection method, which can
effectively evaluate the stiffness of the kidney and help to better detect the progress of CKD as a clinical reference.

1. Introduction

Chronic kidney disease (CKD) refers to the pathological
process of excessive damage and repair of the kidney due to
various pathogenic factors, such as inflammation, damage,
bacteria, and immunity, resulting in renal fibrosis, renal
insufficiency, and even renal failure, and the course of
disease often exceeds three months [1]. It is one of the
common types of pediatric urologic diseases. According to
its development, once CKD progresses to end-stage renal
disease, kidney replacement must be used for treatment,
which is labor-intensive and expensive. Both families and

society bear a huge burden, which has a serious impact on
the physical health of children [2]. Although there are many
clinical detection techniques for CKD, which can detect the
degree of kidney damage to a certain extent, they are mostly
limited [3]. ,e diagnostic sensitivity of using biochemical
indexes as diagnostic criteria is weak, requiring repeated
measurement and avoiding various influencing factors,
which takes a long time to detect kidney abnormalities, thus
delaying the development of the disease. Percutaneous renal
biopsy is the gold standard for clinical diagnosis of CKD, but
its invasive nature may lead to all other complications. In
severe cases, it can lead to renal insufficiency and an inability
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to dynamically monitor the CKD progression, reducing
patient compliance. Imaging detection is one of the very
important auxiliary diagnostic and therapeutic means. Al-
though computed tomography (CT) and magnetic reso-
nance imaging (MRI) can detect the degree of kidney injury
to a certain extent, they are very limited. In the screening
process, neither method will be the first choice, and it is
difficult to be widely promoted in clinical practice [4, 5].

In recent years, physical examination and conventional
ultrasound have been mostly used in the diagnosis of
children with CKD. Due to their advantages of non-
invasiveness, simple examination methods, low price, and
strong sustainability, they are easily accepted by most
children and their parents. Compared with inspection, the
advantages are considerable [6]. However, due to the in-
terference of the child’s physiological conditions and the
shooting environment, there are certain differences in the
ultrasound images obtained. However, the ultrasound image
segmentation methods currently used in clinical practice are
deep learning (DL) methods based on convolutional neural
networks (CNN) [7]. Image segmentation techniques are
similar, and it is difficult to improve the accuracy and ef-
ficiency of segmentation. In recent years, the FCN (fully
convolutional network) has applied a new image segmen-
tation algorithm based on DL and harvested good results [8].
,e shear wave elastography (SWE) technology based on DL
is a new noninvasive detection method for renal fibrosis,
which makes up for the shortcomings of traditional de-
tection methods [9]. ,e SWE technology is adopted to
screen for CKD, assess and stage the disease, and diagnose
early changes in the structure and function of the kidneys in
CKD. It can effectively avoid and delay the development of
diseases and improve the quality of life of children.

,erefore, real-time SWE based on DL was applied to
evaluate children’s kidneys, and compared with traditional
ultrasound, to explore its diagnostic effect in children’s
chronic kidney disease and provide data support for its
clinical application.

2. Research Materials and Methods

2.1. Research Objects. In the CKD group, 60 children with
pathological diagnosis of CKD, who were admitted to
hospital from May 2018 to January 2020 were selected as the
research objects, aged 7.2± 1.23 years old. For the control
group, to reduce the influence of other factors, 45 children
without CKD were selected from the hospital during the
same time, aged 8.1± 2.01 years old. It was ensured that all
data and biochemical parameters were complete for all
children enrolled in the study and those biochemical pa-
rameters were collected for all subjects within one week
before and after the SWE examination. ,en, a database was
established to compare the data within and between groups
and process and analyze data.

,e inclusion criteria of the CKD group were as follows:
(1) patients found to have renal function impairment after
admission to the hospital for ultrasound examination and
were initially diagnosed as CKD; (2) can be collection
complete data; and (3) the child about to undergo a needle

biopsy. Exclusion criteria: (1) preliminary examination
found hypertension, autoimmune diseases, diabetes, etc.; (2)
ultrasonic elastic imaging was unqualified; (3) obese children
who cannot carry out the above examination.

,e inclusion criteria of the control group were normal
blood routine, liver, and kidney function, electrocardiogram,
and urine test, and no systemic diseases such as diabetes,
heart failure, hypertension, and kidney disease.

,e children and their families included in the study had
signed informed consent, and the test process had been
approved by the ethics committee of the hospital.

2.2. Data Collection. Detailed information of subjects was
collected, including their height, weight, age, and gender,
and their body mass index (BMI) was accurately recorded.
,e biochemical indexes of renal function were measured
within one week, including their serum creatinine, pro-
teinuria, and urea nitrogen. During the urine test, it was
necessary to keep the subject quiet and exclude other
influencing factors, such as strenuous exercise, fever, and
infection.

2.3. Research Methods

2.3.1. Chronic Kidney Disease Staging Standard. CKD is
kidney damage or glomerular filtration rate (estimate glo-
merular filtration rate, eGFR)<60mL/min/1.73m2 for more
than three months, regardless of the factor. ,e kidney
damage in the CKD group was scored. From the damage of
their glomeruli, blood vessels, and the renal interstitium,
they were classified into the following groups. Group 1: mild
(score <9), group 2: moderate (9≤score <18), group 3: severe
(score ≥18) [10]. ,e scoring criteria are shown in Table 1.

According to eGFR, CKD is classified into the following
five groups. (1) CKD stage I: the eGFR level is normal or
slightly increased (eGFR 90mL/min/1.73m2). (2) CKD stage
II: the level of eGFR decreases slightly (eGFR: 60–89mL/
min/1.73m2). (3) CKD stage III: the level of eGFR is
moderately decreased (eGFR: 30–59mL/min/1.73m2). (4)
CKD stage IV: the eGFR level drops severely (eGFR:
15–29mL/min/1.73m2). (5) CKD stage V: renal failure
(eGFR<15mL/min/1.73m2) [11]. In addition, patients with
CKD stage I and CKD stage II can only be diagnosed when
urine protein/creatinine>30mg/g and the disease course has
been longer than three months [12].

2.3.2. Criteria for Pathological Staging of Membranous
Nephropathy. Pathological staging criteria for membranous
nephropathy. Stage I: the glomerular capillaries are not
abnormal in the light microscope. Electron microscopy
showed that there were scattered or regularly distributed
small immune complex-like electron-dense deposits in the
foot process gap between the glomerular basement mem-
brane and epithelial cells. Stage II: according to an optical
microscopy, glomerular capillaries are unevenly thickened,
forming “spikes”. Electron microscopy showed that there
were electron-dense deposits in epithelial cells. Stage III:
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according to the optical microscope, the newly formed base
film-like substance surrounds the deposits, forming a net-
work or chain. Electron microscopy revealed that the
electron-dense substances were deposited under the base-
ment membrane or epithelial cells. Stage IV: according to the
optical microscopy, the basement membrane thickened
greatly. Electronmicroscopy showed that the deposit lost the
electron density, and irregular electron translucent areas
appeared in the irregularly thickened base film [13].

2.3.3. Inspection Methods. For routine ultrasound, subjects
were required to take a supine position after urination,
breathe in and hold their breath for a two-dimensional
ultrasound examination. ,e coronal section of the renal
hilum was observed, the thickness, length, shape, and pa-
renchymal echo of the kidney were measured, and the data
were recorded [14]. Shear wave elastic ultrasound based on
DL was performed in the lateral decubitus position. After
inhaling, the patient should hold his/her breath, the max-
imum coronal long axis section of the kidney was taken, and
shear wave elastic imaging was started. ,e tester breathed
again and held his breath. ,e image was frozen after the
elastic image was filled with more than two-thirds of the
color and evenly distributed. ,e quantitative analysis of
tissue elasticity was completed by Q-box, the test area was a
circular graph that could adjust the size according to the
demand, and the renal parenchyma area was placed under
the renal capsule with the same diameter. ,en, the elastic
value of the regional tissue was calculated by computer.
Young’s modulus (YM), which was expressed in kPa, was
used to measure the elasticity, the image was stored, and the
data was recorded. In the calculation of YM for kidneys,
errors caused by other factors should be reduced as far as
possible. ,e left kidney was measured five times and the
right kidney was the same, and then the average value was
taken to compare the cortical YM values between them [15].

2.4. SWE Technology Based on DL

2.4.1. DLModel. ,eCNNconvolutional layer is connected to
the fully connected layer, the FCN convolutional layer is still
connected to the convolutional layer, and the output is a
featuremap of the same size as the input.,e FCN classifies the
pixels of the image, thus solving the problem of image seg-
mentation at the semantic level. Unlike the traditional CNN
convolutional layers, the FCN can accept input images of any
size. ,e deconvolution layer is used to up-sample the feature

map of the last convolution layer to restore it to the same size as
the input image so that a prediction can be generated for each
pixel. ,e spatial information in the original input image is
preserved, and finally, the parity is classified in the up-sampled
feature map [16]. ,e network structure is shown in Figure 1.
,e input can be a color image of any size. ,e output is the
same size as the input, and the depth is 20 types of
targets + background� 21. It is performed on the PASCAL data
set, and PASCAL has a total of 20 categories.

2.4.2. Ultrasound Image Evaluation. In this study, three
indicators of precision, Dice coefficient, and sensitivity were
used to evaluate ultrasound images [17]. ,e consistency
between the segmentation results and the gold standard
(GT) of ordinary elastic ultrasonic segmentation was cal-
culated. In Figure 2, the Qseg represents the divided tissue
area, which is equal to TP + FP, and the Qcr represents the
standard tissue area, which is equal to TP + FN. ,e TP
represents the number of pixels correctly classified as pos-
itive in Qseg, and the TN represents the number of pixels
correctly classified as negative in non-Qseg. ,e FP repre-
sents the number of pixels incorrectly classified as positive in
Qseg, and the FN represents the number of pixels incorrectly
classified as negative in non-Qseg. ,e Dice coefficient
measures the degree of spatial coincidence between the
divided tissue area and the standard tissue area, that is, the
degree of spatial coincidence between Qseg and Qcr, and is
defined as shown in formula (1). Precision measures the
actual proportion of positive pixels in the segmented tissue
area, that is, the proportion of TP to Qseg, which is defined
as shown in formula (2). Sensitivity measures the proportion
of correctly segmented standard tissue regions, that is, the
proportion of TP to Qcr, and is defined as shown in formula
(3). ,e evaluation values of the three indicators are all in [0,
1]. ,e larger the value, the higher the consistency between
Qseg and Qcr, and better the segmentation result.

Dice �
2 × ΩSeg∩ ​ ΩGr( 􏼁

ΩSeg＋ΩGr

�
2 × TP

2 × TP＋FP＋FN
,

(1)

Precision �
ΩSeg∩ ​ ΩGr

ΩSeg

�
TP

TP＋FP
,

(2)

Table 1: Kidney damage scoring standard (NA� not applicable).

1 2 3 4
Glomerular hyperplasia <25% 25%–50% >50%–75% >75%
Staged glomerular damage <10% 10%–25% >25%–50% >50%
Glomerulosclerosis <10% 10%–25% >25%–50% >50%
Renal interstitial inflammatory cell infiltration <25% 25%–50% >50% NA
Renal interstitial fibrosis <25% 25%–50% >50% NA
Renal tubule atrophy <25% 25%–50% >50% NA
,ickening of blood vessel walls <10% 10%–25% >25% NA
Arterial transparency changes <10% 10%–25% >25% NA
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Sensitivity �
ΩSeg∩ ​ ΩGr

ΩGr

�
TP

TP＋FN
.

(3)

2.5. Statistical Analysis. SPSS22.0 data processing software
was used to classify and sort the collected data. ,e data that
met the normal distribution were expressed by (x ± s). T-test
was used to compare the results between the pairs. Wil-
coxon’s rank-sum test was used to analyze the YM value of
the lower middle kidney of CKD patients at different stages
and the lower middle kidney parenchyma of left and right
kidneys compared with the control group. Pearson corre-
lation was used to analyze the correlation between the YM
value and laboratory indicators. P< 0.05 was regarded as the
criterion of statistical significance.

3. Results

3.1. BasicData inTwoGroups. In the CKD group, there were
36 males and 24 females, aged 7.2± 1.23 years. ,e body
mass index (BMI) was 20.31± 3.3. In the control group, there

were 26 males and 19 females, aged 8.1± 2.01 years old, and
the BMI was 21.28± 2.94. ,eir routine blood and urine
tests, liver and kidney functions, electrocardiograms, and
other tests were normal, and they had no history of diabetes,
hypertension, heart failure, and other kidney diseases (Ta-
ble 2). ,e CKD group was grouped according to eGFR, and
the detection results showed that there were 7 cases of CKD
stage I, 8 cases of CKD stage II, and 15 cases of CKD stage
III–V each. According to the degree of kidney damage, there
were 15 cases, 15 cases, and 30 cases, respectively (Table 3).

3.2. Analysis of SWE Ultrasound Image Results Based on DL.
In Figure 3, the image effect processed by the DL-based SWE
technology was greatly better than the traditional elastic
ultrasound image, and the difference was statistically con-
siderable (∗P< 0.05).

3.3. Comparison of YM Values of the Middle and Lower
Kidneys. Comparison of YM values of the middle and lower
kidneys in the CKD group and the control group showed
that the elastic modulus values of the middle and lower parts
of the left and right kidneys in the CKD group were
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Figure 1: FCN network structure diagram.
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Figure 2: A schematic diagram of the two regions Qseg (blue box) and Qcr (orange box) obtained from the segmentation result and the gold
standard (GT), respectively. TP (true), TN (true negative), FP (false positive), and FN (false negative number of pixels).
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(22.02± 10.98) kPa and (21.99± 11.87) kPa, respectively.
Compared with the control group (4.61± 0.47) kPa and
(4.50± 0.59) kPa, those of the CKD group were substantially
higher (t� 8.779 and 10.362). From the comparison of the
YM values of the middle and lower parts of the two kidneys,
the difference was statistically considerable (P< 0.05)
(Figure 4).

3.4. Comparison of Young’s Modulus in the Parenchyma of
Both Kidneys in Different Stages of CKD

3.4.1. Staging of Glomerular Filtration Rate. ,e YM of the
middle and lower parenchyma of the left kidney was
5.32± 1.05 and 7.37± 1.02, and that of the right kidney was
6.37± 1.15 and 6.65± 0.93 in CKD stage 1–2 patients, re-
spectively. ,e difference was not statistically significant
(P> 0.05). ,e YM of the middle and lower parenchyma of
the left kidney in patients with CKD stages 3 to 5 were
13.27± 0.83, 24.21± 5.69, and 31.67± 3.82, respectively, and
that of the right kidney was 17.26± 0.98, 26.76± 7.22,
32.37± 4.27, respectively, and the difference was significant
(P< 0.05). With the increase of CKD stage, the degree of
renal fibrosis between different groups was different, and the
YM value of renal parenchyma gradually increased
(P< 0.05), as explained in Figure 5.

3.4.2. Grading of Kidney Damage. ,e CKD group and the
control group had remarkable differences in the YM values
of the parenchyma of the middle and lower kidneys. ,e
elastic shear wave values showed the right kidney
(F� 329.45, P< 0.01) and the left kidney (F� 329.54,
P< 0.01). ,e YM of the middle and lower parenchyma of

the CKD healthy group and the mild left kidney were
4.53± 0.58 and 5.63± 1.18, respectively, and that of the right
kidney was 4.52± 0.6 and 5.75± 1.22, respectively. ,e
difference was not statistically significant (P> 0.05). In
patients with moderate and severe CKD, the YM of the
middle and lower parenchyma of the left kidney was
17.27± 0.83 and 27.93± 6.49, respectively, and that of the
right kidney was 17.26± 0.98 and 29.56± 6.49, respectively,
with significant difference (P< 0.05). Accompanied by
changes in the condition of the CKD group, the elasticity of
the kidneys and the degree of fibrosis changed. ,e wors-
ening of the disease caused the increase of kidney stiffness,
and the YM value of kidney parenchyma also increased
(P< 0.05) (Figure 6).

3.5. Differences in Serum Creatinine (Scr) and eGFR Levels in
Each Phase of CKD Group. ,e Scr and eGFR levels of the
control group were 66.44± 7.34 and 105.02± 10.2, respec-
tively. ,e Scr levels of CKD 1–5 stages were 70.1± 6.89,
73.55± 8.33, 150.32± 10.51, 299.56± 28.86, and
531.78± 48.65, respectively; and the eGFR levels were
101.54± 9.75, 79.47± 8.01, 47.8± 6.22, 23.32± 3.09, and
6.76± 1.83, respectively. ,ere was no statistically remark-
able difference in eGFR in CKD stage I compared with the
control group (P> 0.05). With the progress of CKD staging,
the eGFR of CKD stages II–V was greatly lower than the
control group, the difference was substantial (P< 0.05). In
Figure 7, there was no statistically remarkable difference
between Scr in CKD stage I and the control group (P> 0.05).
With the progress of CKD staging, the Scr in stages III–V
increased greatly, and the difference was statistically con-
siderable (P< 0.05) (Figure 8).

Table 2: Basic data of children with CKD and control group.

Male (cases) Female (cases) Age (cases) BMI (kg/m2)
CKD group 36 24 7.2± 1.23 20.31± 3.3
Control group 26 19 8.1± 2.01 21.28± 2.94

Table 3: Pathological examination results of children in CKD group.

Glomerular filtration rate Kidney damage degree
CKD1 CKD2 CKD3 CKD4 CKD5 Mild Medium Severe

Cases 7 8 15 15 15 15 15 30

* *
** *

*

0.7
0.75

0.8
0.85

0.9
0.95

1

Dice Precision Sensitivity

Effect comparison

Elastic ultrasound
Elastic ultrasound based on deep learning

Figure 3: Comparison of ultrasound imaging effects between the elastic ultrasound and algorithm-based SWE (∗P< 0.05).
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3.6. Analysis of Renal Parenchymal YM Values in Children
with Membranous Nephropathy in Different Pathological
Stages. Among the 60 children with CKD, 18 were patho-
logically diagnosed with membranous nephropathy, in-
cluding 6 in stage I, 10 in stage II, and 2 in atypical
membranous nephropathy. From the collected cases, no
children had stage III or stage IVmembranous nephropathy.
After children with atypical membranous nephropathy were
excluded, the renal parenchymal YM values of children with
stage I and stage II membranous nephropathy were sub-
stantially higher than those of the control group, and there
was a remarkable difference between the two groups
(P< 0.05), as illustrated in Figures 9–11.

4. Discussion

,e occurrence of CKD is closely related to glomerular
function abnormalities, renal tubulointerstitial abnormali-
ties, and renal vascular abnormalities. ,e main cause of
death and disability in children is cardiovascular compli-
cations [18]. Primary CKD is pathologically irreversible. At
present, the main treatment is finding out as early as possible
and to intervene in time. In recent years, its incidence has
become higher and the age of the patients is getting younger
and younger, which seriously endangers human health, so it
has become a disease of more concern in the medical field.

,e SWE technology based on DL is a new and non-
invasive diagnostic method. Compared with the traditional
elasticity technology, it can quantitatively analyze the elas-
ticity of the organization in real-time, without the need for
an operator, and avoids the subjective and repeatable
shortcomings of the scoring method [19, 20].,e promotion
of SWE technology also allows the tissue sclerosis infor-
mation to be effectively measured, which has been proven to
be very valuable for the diagnosis and evaluation of the
severity of liver fibrosis [21]. It uses ultrasonic technology to
evaluate and quantify the hardness or elasticity of the tissue,
and accurate quantitative analysis results can be obtained. In
addition, it has advantages over ultrasound examination
results. Due to the relatively uniform propagation of ul-
trasound in different biological tissues, conventional

ultrasound examinations cannot provide accurate infor-
mation on the elastic characteristics of organs. However,
because the anatomical characteristics of the kidney and the
case problems involved in its insufficiency are very com-
plicated, the SWE’s research on this problem is still
groundbreaking. ,e application of SWE technology based
onDL in the diagnosis of organs and tissues is currently in its
infancy, especially in terms of CKD staging and influencing
factors. ,ere are still uncertainties in the reasons for the
impact of renal parenchymal elasticity. Although SWE
technology has many shortcomings, it avoids the short-
comings of traditional CKD diagnosis and detection
methods. It is expected to become a new noninvasive im-
aging technology for quantitative evaluation of CKD and an
effective clinical examination method. In addition, it has
been clinically applied to the diagnosis of breast, liver,
thyroid, prostate, and other organs [22].

In this study, according to the comparison of the YM
values of the middle and lower parenchymal kidneys of the
CKD group and the control group, it was found that the
length of the kidney and the parenchymal thickness of the
lower pole of the children with CKD stages III–V in the CKD
group were smaller than those of the control group. ,e
kidney length and parenchymal thickness of the lower pole
of children with CKD stage I and stage II were not greatly
different from those of the control group. ,e results of
staging nephropathy based on glomerular filtration rate
showed that the SWE technique had good intergroup and
intragroup reproducibility in measuring the kidneys of
adults with CKD, but it was impossible to determine whether
the kidney was in the early stage of CKD. It is generally
believed that kidney damage is severe when GFR<60mL/min.
,erefore, the YM values of the middle and lower kidneys of
children with CKD stages III–V were compared, and the
difference was considerable. It showed that real-time elastic
shear wave elasticity can be used to detect middle- and late-
stage CKD.

,is study has some limitations. ,is study takes chil-
dren from a single hospital as the research object. ,e study
period is short, the number of cases is small, and there may
be a certain selection bias.,e kidney is located at the back of
the peritoneum and is deep in position, which is easily af-
fected by respiration. ,e structure of the kidney is highly
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anisotropic. ,e examination of the kidney by the SWE
technology is affected by many factors, such as the child’s
breath-holding degree and physical fitness, the experience
level of the operator, and the scanning technology. ,ese
factors will affect the accuracy of the measured value, but
there is no unified standard operating method [23].
,erefore, a lot of clinical research and analysis is needed,
which can provide a basis for the development and pro-
motion of this technology and lay a solid theoretical
technology.

5. Conclusion

,e DL-based SWE technology can noninvasively and
quantitatively distinguish the YM value and the degree of
kidney damage in the kidney tissue of healthy people and
CKD patients. As the stages of CKD increase, the degree of
kidney damage gradually increases, the elasticity of the
kidney tissue decreases, and the YM value increases.,e YM
value measured by DL-based SWE technology is related to
biochemical indicators such as Scr and eGFR. ,e SWE
technology based on DL is a new noninvasive, real-time, and
quantitative detection method. It can effectively assess the

stiffness of the kidneys, which can be used as a clinical
reference to better detect the progress of CKD.
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