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Background: Identifying patients with atherosclerotic renal artery stenosis (ARAS) who
will be improved in renal function after percutaneous transluminal renal artery stenting
(PTRAS) is crucial since most patients show no worthwhile benefit of PTRAS. Although
the assessment of renal parenchymal perfusion is useful for the identification, few studies
predict the renal functional improvement by evaluating the characteristics of renal perfusion.
Objective: The aim of this study was to assess the renal parenchymal perfusion in ARAS
patients with contrast-enhanced ultrasonography (CEUS) and predict the benefits of renal
function after PTRAS utilizing time-intensity curve (TIC) parameters.

Methods: Thirty-eight kidneys in 30 ARAS patients received PTRAS in this study. They were
divided into moderate stenosis group (n=25) and severe stenosis group (n=13) and mild
dysfunction group (n=14) and moderate dysfunction group (n=24) according to the degree of
renal stenosis and radioisotope glomerular filtration rate (rGFR). The baseline assessment of
renal function and renal parenchymal perfusion were performed for all patients. rGFR was
repeated to evaluate the renal outcome at 4 months after PTRAS. The outcome of PTRAS was
classified as improved, stable, or deteriorated compared to the baseline. Time-intensity curve
(TIC) parameters obtained from CEUS were analyzed to evaluate the predictive accuracy.
Results: TIC parameters (AUC and PI) were positively correlated with renal function
(r=0.617, 0.663; P<0.05) but weakly and negatively correlated with the stenosis (r=—0.360,
—0.435; P<0.05). Baseline rGFR was not accurate in predicting improved renal function after
PTRAS (0.670). The accuracy of the combined prediction model of baseline AUC and PI
(0.889) was higher than the individual indicators (baseline AUC: 0.855 and PI: 0.782).
Conclusion: CEUS could accurately assess renal parenchymal perfusion and identify ARAS
patients with potential benefit after PTRAS. The combination of TIC parameters (AUC and
PI) is valuable in the prediction of improved renal function after PTRAS.

Keywords: atherosclerotic renal artery stenosis, percutaneous transluminal renal artery
stenting, renal parenchymal perfusion, contrast-enhanced ultrasonography, time-intensity
curve, radioisotope glomerular filtration rate

Introduction
The prevalence of atherosclerotic renal artery stenosis (ARAS) is as high as 20%
among people with diabetes and secondary hypertension.' ARAS may result in
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renovascular hypertension and ischemic nephropathy,
both of which are important causes of end-stage renal
disease.” Percutaneous transluminal renal artery stenting
(PTRAS) is becoming a preferred treatment for ARAS to
correct renal hemodynamic disorders due to its advan-
tages in trauma and safety.® It is beneficial to the degrad-
ing of hypertension, improving renal function, or slowing
down the deterioration of renal function. However, large-
scale randomized controlled clinical trials such as
ASTRAL and CORAL have shown no worthwhile benefit
of PTRAS for patients with moderate to severe stenosis
(stenosis of at least 60%).*> The outcome of renal func-
tion after revascularization is diverse.®’ It is recognized
that only about 20-30% of patients with moderate to
severe ARAS
PTRAS.*® Therefore, identifying patients with improved

show improved renal function after

outcome can help reduce inappropriate and potentially
harmful interventions.'®!!

Because more than 50% of ARAS patients present renal
cortical ischemia, the assessment of renal parenchymal perfu-
sion is a useful supplement to evaluate the degree of renal
ischemia, identify patients with potential benefits after
PTRAS, and guide the treatment of ARAS.'*'? Cheung et al'*
utilized MRI to identify kidneys with hibernating parenchyma
and help predict the outcome of renal function after PTRAS.
Compared with MRI, contrast-enhanced ultrasonography
(CEUS) does not require the administration of a gadolinium-
based contrast agent, and is capable of assessing the degree of
ARAS and renal parenchymal perfusion simultaneously. The
changes of CEUS parameters are not only earlier than labora-
tory indicators but also reveal the abnormal perfusion of renal
parenchyma in the early stage.'” However, few studies on
predicting the improvement of renal function after PTRAS
by evaluating the characteristics of renal parenchymal perfu-
sion in ARAS patients.

The purpose of this study was to assess the renal
parenchymal perfusion of the affected kidney in ARAS
patients and predict the benefits of renal function after
PTRAS utilizing time-intensity curve (TIC) parameters.

Patients and Methods

Patient Recruitment
This prospective cohort study was approved by the ethics
committee of Tongji Hospital of Tongji University
(K-W-2019-008).  Written

obtained from all participants prior to inclusion. This

informed consents were

study was conducted in accordance with the declaration
of Helsinki.

Thirty-two patients with refractory hypertension com-
bined with unexplained renal dysfunction and diagnosed
with ARAS were screened for enrollment from Jun 2017
to May 2020. The definition of ARAS was: (1) at least one
risk factor for atherosclerosis (diabetes, hyperlipidemia,
age > 40 years, smoking);'® (2) at least 2 imaging findings
suggesting atherosclerosis (cone-shaped renal artery steno-
sis or occlusion; eccentric stenosis; irregular plaque; calci-
fication; stenosis involving the origin or proximal segment
of the renal artery; imaging findings of atherosclerosis in
other abdominal vessels).'”

The inclusion criteria for enrolled patients were as
follows: (1) age 40-75 years; (2) moderate to severe
stenosis by CT angiography or digital subtraction angio-
graphy (moderate: 50%—69%; severe: 70%-99%); (3) sys-
tolic blood pressure of at least 180 mmHg and/or diastolic
blood pressure of at least 110 mmHg without antihyper-
tensive medications, or uncontrolled hypertension with 3
antihypertensive medications including diuretics; (4) dia-
meter of at least 7.0 cm of the affected kidney. The exclu-
sion criteria were as follows: (1) estimated glomerular
filtration rate (eGFR) < 30 mL/(min‘1.73 m?) [eGFR=
186x serum creatinine (mg/dl) ""** x age *2%x0.742 (if
female) x1.233 (if Chinese)];'® (2) patients with contra-
indications for renal revascularization; (3) patients with
severe cardiovascular, cerebrovascular, and pulmonary
diseases; (4) patients undergone previous revascularization
for renal artery stenosis (5) patients with unclear ultra-
sound images or hypersensitivity to ultrasound contrast
agents.

There were 26 patients with unilateral renal artery ste-
nosis and 6 patients with bilateral renal artery stenosis.
Hence, 38 kidneys needed to be revascularized in this
study. According to the degree of renal artery stenosis, 38
kidneys were divided into moderate stenosis group (n=25)
and severe stenosis group (n=13). Besides, 30 patients with
clinical suspicion of an atherosclerotic renovascular disease
but without evidence of ARAS and renal dysfunction were
enrolled as the control group. The demographic and clinical
characteristics of all subjects including age, gender, history
of smoking, course of hypertension, type of antihyperten-
sives, diabetes, hyperlipidemia, heart rate, body mass index
(BMI), systolic pressure, diastolic pressure, serum creatinine
(Scr), and eGFR were recorded.

Assessment of radioisotope glomerular filtration rate
(rGFR)
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All patients underwent baseline assessment of renal func-
tion using Philips Precedence SPECT/CT camera (Philips
Healthcare, Guildford, United Kingdom). The assessments
were performed by 2 radiologists with more than 10 years’
experience in SPECT. After accurately measuring the height
and weight of each patient, a bolus injection of **™Tc-DTPA
185MBp was performed. Renal dynamic blood flow and
functional imaging were conducted within 20-30 minutes.
rGFR of each kidney was measured by the Gate’s method."’
According to the rGFR, 38 kidneys were divided into mild
dysfunction group (35 mL/min > rGFR > 25 mL/min, n=14)
and moderate dysfunction group (25 mL/min > rGFR >
15 mL/min, n=24). At 4 months after renal revascularization,
rGFR was repeated to evaluate the outcome of renal func-
tion. The outcome was classified as improved, stable, or
deteriorated according to the following thresholds compared
to the baseline (improved: rGFR increased by > 15%; dete-
riorated: rGFR decreased by > 15%; stable: changes between
the improved and deteriorated).

Renal Parenchymal Perfusion by CEUS

The renal parenchymal perfusion was performed using
a MyLab Twice ultrasound system (Esaote, Genova, Italy)
by 2 sonographers with more than 10 years’ experience in
ultrasound. The ultrasound was oriented at the largest sec-
tion of kidneys with the patient in the lateral decubitus
position. CEUS was performed after the injection of

AR A Y| Sm FR
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Echo-power (%)

1.2 mL of the ultrasound contrast agent (SonoVue, Bracco,
Italy) followed by 5 mL flush of 0.9% sodium chloride
solution. The sonographer continuously observed the con-
trast process of the renal parenchyma in real-time for 3 min
until the enhancement intensity was weakened to near the
pre-test level. TIC quantitative analysis began to run after
two regions of interest (ROI) on each image (reference ROI
and analysis ROI) were set (Figure 1). The CEUS quantita-
tive data, including rise time (RT), peak intensity (PI), time
to peak (TTP), mean transit time (mTT), and area under the
curve (AUC) were obtained. In order to reduce bias, the
analysis was repeated twice to calculate the average value.

Statistical Analysis

Statistical analyses were performed using statistical product
and service solutions (version 22.0; SPSS Inc., Chicago, IL,
USA) and MedCalc (Version 22.0.1; MedCalc Software,
Ostend, Belgium). The numerical data were expressed as
mean + standard deviations for normally distributed variables
and as median (interquartile range) for non-normally distrib-
uted variables. Independent sample #-test, paired-samples
t-test, one-way ANOVA and a post hoc Student-Newman-
Keuls test, and Mann—Whitney U-test were used for compar-
ison. The categorical variables were expressed as number
(percentage) and the comparison was performed by the chi-
square test. The correlations of CEUS parameters with renal
artery stenosis and rGFR were analyzed with Pearson

mTT

Time (s)

B

Figure | Representative TIC (A) and schematic diagram (B) of renal parenchymal perfusion. The CEUS quantitative data were derived from the TIC, including RT, PI, TTP,

mTT, and AUC.

Abbreviations: TIC, time-intensity curve; CEUS, contrast-enhanced ultrasonography; RT, rise time; Pl, peak intensity; TTP, time to peak; mTT, mean transit time; AUC,

area under the curve.
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correlations. Receiver-operating characteristic (ROC) curve
was established and the area under the ROC curve was used
to evaluate the predictive accuracy for the renal functional
outcome after PTRAS, and a multi-indicator combined pre-
diction model was established with Logistic regression.

Results
Demographic and Clinical Characteristics
of All Subjects

The demographic and clinical characteristics of all subjects
are shown in Table 1. ARAS patients had lower eGFR and
higher Scr compared with the control patients. No differ-
ences in other characteristics were observed (P > 0.05).

Renal Parenchymal Perfusion in Different

Degrees of Renal Artery Stenosis

None of the subjects had adverse reactions to contrast med-
ium. Figure 2 shows the typical TIC features in control,
moderate stenosis, and severe stenosis groups. Each curve
clearly showed ascending slope, peak, and descending slope.
The TIC of the control group showed a steep ascending slope,
and then gradually descended to the baseline level. Among
the three groups, the largest AUC and PI were present in the
control group, and the AUC and PI of the moderate stenosis
group were slightly larger than that of the severe stenosis
group. Quantitative analysis of the TIC parameters (Table 2)
showed that the AUC and PI of the moderate and severe
stenosis groups were smaller than the control group
(P < 0.05). There is no difference in all TIC parameters
between the moderate and severe stenosis groups (P > 0.05).

Renal Parenchymal Perfusion in Different

Degrees of Renal Dysfunction

The typical TIC features in mild and moderate dysfunction
groups are shown in Figure 3. Compared with the control
group, the AUC and PI of the mild and moderate dysfunction
groups were smaller, and the changes of AUC and PI
became more obvious as the renal dysfunction worsened.
The quantitative analysis of the TIC parameters in different
degrees of renal dysfunction is shown in Table 3. The AUC
and PI of the mild and moderate dysfunction groups were
smaller than the control group (P < 0.05), and the AUC and
PI of the moderate dysfunction group were smaller com-
pared with the mild dysfunction group (P < 0.05).

Correlation of TIC Parameters (AUC and
Pl) with Renal Artery Stenosis and Renal

Function

Correlation analysis showed that the TIC parameters
(AUC and PI) were positively correlated with renal func-
tion (r=0.617, 0.663; P<0.05), but weakly and negatively
correlated with the stenosis (r=—0.360, —0.435; P<0.05)
(Figure 4). rGFR and renal artery stenosis also showed
a weak negative correlation (r=—0.423; P<0.05).

Outcome of Blood Pressure and Renal
Function After PTRAS

All operations were successfully completed and a total of
38 renal artery stents were implanted. The postoperative
systolic pressure was lower than that before operation, and
the difference was statistically significant (preoperative

Table | Demographic and Clinical Characteristics of ARAS and Control Patients

Indicators ARAS Patients (n=32) Control Patients (n=30) P

Age (years) 58.19+7.00 55.71£5.26 0.122%
Gender (male/female) 21/11 17/13 0.469%
History of smoking 19 (59.4%) 16 (53.3%) 0.632°
Course of hypertension (years) 11.66+3.25 10.16+3.72 0.096*
Type of antihypertensives (n) 3(24) 3(23) 0.342%
Diabetes 8 (25.0%) 6 (20.0%) 0.638*
Hyperlipidemia 24 (75.0%) 24 (83.3%) 0.421%
Heart rate (bpm) 79.69+8.93 76.26+7.34 0.105*
BMI (kg/m?) 25.05 (24.03, 28.83) 24.75(23.50, 27.73) 0.356"
Systolic pressure (mmHg) 150.63+13.10 147.84+12.24 0.390%
Diastolic pressure (mmHg) 79.88+9.41 76.39+8.47 0.131*
Scr (umol/L) 143.97£17.61 79.38 £ 13.35 <0.00*
eGFR[mL/(min -1.73m?)] 58.41+8.82 106.93+8.63 <0.00*

Notes: *For independent sample t-test, *for chi-square test, “for Mann-Whitney U-test.
Abbreviations: ARAS, atherosclerotic renal artery stenosis; BMI, body mass index; Scr, serum creatinine; eGFR, estimated glomerular filtration rate.
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Figure 2 Changes of TIC schematic diagrams in different degrees of renal arterial stenosis (A—C). The largest AUC and Pl were present in the control group (A), and the
AUC and PI of the moderate stenosis group (B) were slightly larger than those of the severe stenosis group (C). Other parameters (RT, TTP, and mTT) are similar among

the three groups.

Abbreviations: TIC, time-intensity curve; CEUS, contrast-enhanced ultrasonography; AUC, area under the curve; RT, rise time; Pl, peak intensity; TTP, time to peak; mTT,

mean transit time.

systolic pressure: 150.63+13.10 mmHg vs postoperative
systolic pressure: 138.29+£8.23 mmHg, P < 0.001; preo-
perative diastolic pressure: 79.88+9.41 mmHg vs post-
operative diastolic pressure: 74.26+7.25 mmHg, P >
0.05, paired-samples t-test). The types of antihypertensive
agents declined significantly compared preoperatively (3
(2,4) vs 2 (1, 2), P < 0.001, Mann—Whitney U-test). The
postoperative eGFR [63.27+7.23 mL/(min*1.73m?)] was
higher than the baseline [58.41+8.82 mL/(min*1.73m?)],
but the difference was not statistically significant (P >
0.05, paired-samples t-test). The average change in rGFR
of 38 stented kidneys from baseline to 4 months after
surgery was 1.26+11.36 mL/min. Ten kidneys (26.3%)
improved [changes of rGFR: 5.5 (4.5, 7.0) mL/min], 22
kidneys (57.9%) remained stable [1.5 (=2.5, 2.0) mL/min],
and 6 kidneys (15.8%) deteriorated [-5.0 (—4.5, —6.5) mL/
min] after surgery.

Predictive Accuracy for the Renal

Functional Outcome After PTRAS

The accuracy of baseline rGFR was 0.670 in predicting
improved renal function following PTRAS. Compared

with the baseline rGFR, the accuracy of baseline AUC
(0.855) and PI (0.782) were higher (P < 0.05). The com-
bination of PI, AUC and rGFR was not accurate (0.807)
due to the influence of rGFR. Hence, the accuracy of the
combined prediction model only included baseline AUC
and PI (0.889) was the highest, with a sensitivity and
specificity of 100% and 75%, respectively (Figure 5).
The fitting equation was Logit (P) =14.861-0.011 * base-
line AUC - 0.197 * baseline PI.

Discussion

The present study revealed that renal parenchymal perfusion
was closely associated with the renal function of the affected
kidney but weakly associated with the renal artery stenosis in
ARAS patients. TIC parameters (AUC and PI) were useful in
the assessment of renal parenchymal perfusion in different
degrees of renal dysfunction. ROC analyses indicated that
compared with baseline rGFR, baseline AUC and PI were
helpful and sensitive for the prediction of improved renal
function following PTRAS. Their combination was more
accurate than the individual indicators and could be useful
for identifying patients with potential benefits after PTRAS.

Table 2 Comparison of TIC Parameters Among the Moderate and Severe Stenosis Group and the Control Group

Group Number of Kidneys | Stenosis (%) | AUC (dB s) RT (s) Pl (dB) TTP (s) mTT (s)
Control group 30 21.46+7.35 1594.29+294.84 20.93+3.96 | 22.03+4.28 10.83+4.92 | 42.94+8.94
Moderate stenosis group | 25 64.68+3.91 1291.484227.69" | 18.49+3.78 | 19.9244.35% | 11.93+£3.28 | 44.29+7.32
Severe stenosis group 13 72.00£2.16 1162.69+182.52% | 15.39+3.48 | 17.544+3.64° | 12.39+4.95 | 45.311+8.44
F 11.082 0.572 13.623 0.753 0.368
P <0.001 0.639 <0.001 0.527 0.783

Note: °P < 0.05 (compared with the control group).

Abbreviations: TIC, time-intensity curve; AUC, area under the curve; RT, rise time; Pl, peak intensity; TTP, time to peak; mTT, mean transit time.
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Figure 3 Changes of TIC schematic diagrams in different degrees of renal dysfunction (A—C). The largest AUC and Pl were present in the control group (A), and the AUC
and PI of the mild dysfunction group (B) were larger than the moderate dysfunction group (C). Other parameters (RT, TTP, and mTT) are similar among the three groups.
Abbreviations: TIC, time-intensity curve; CEUS, contrast-enhanced ultrasonography; AUC, area under the curve; RT, rise time; Pl, peak intensity; TTP, time to peak; mTT,

mean transit time.

Although PTRAS can effectively reduce blood pres-
sure and improve ischemic renal function, clinical trial
data do not support that renal revascularization is more
beneficial to patients than drug therapy.*> Our study indi-
cated that only 26.3% of kidneys with renal artery stenosis
obtained improved renal function after PTRAS, which is
in line with the study of Chrysochou et al*® that has
reported on renal functional response. Weinberg et al’'
believe that defects in the selection of indications may be
an important reason for the inaccurate results of clinical
trials. SCAI expert consensus statement further regulates
the surgical indications of PTRAS, among which ischemic
nephropathy with progressive renal function decline is one
of the main indications.*

Since the compensation of contralateral kidney, the Scr
or eGFR in patients with unilateral renal artery stenosis is
often in the normal range. Therefore, objective and accu-
rate evaluations are needed to assess the renal ischemia
caused by renal artery stenosis. The rGFR of affected
kidneys can indicate decreased renal function, but the
degree of renal artery stenosis and decreased renal

function are not matched.” In our study, the baseline
rGFR of the affected kidney was weakly correlated with

1>* also found that there was no

the stenosis. Dong et a
significant correlation between the changes in GFR and the
degree of renal artery stenosis. Moreover, many factors
affect the changes in GFR (such as hypertension, nephritis
or nephropathy, etc.), which cannot fully indicate the out-
come of renal function after PTRAS. It is recognized that
renal parenchymal blood flow accounts for about 90% of
the entire kidney blood flow. The measurement of renal
parenchymal perfusion utilizing CEUS can evaluate the
blood supply of the entire kidney, thereby assessing renal
dysfunction caused by renal artery stenosis. Our study
found that the TIC parameters (AUC and PI) of CEUS
was closely associated with the renal function of affected
kidneys, which indicated that they were useful in the
assessment of renal parenchymal perfusion in different
degrees of renal dysfunction.

In this study, after 4 months of PTRAS, the blood
pressure of ARAS patients was lower than the baseline,
which is consistent with the results of previous studies.?

Table 3 Comparison of TIC Parameters Between the Mild and Moderate Dysfunction Group and the Control Group

Group Number of rGFR (mL/ AUC (dB s) RT (s) Pl (dB) TTP (s) MTT (s)
Kidneys min)

Control group 30 61.0 (58.0, 63.0) | 1594.29+294.84 20.93+3.96 | 22.03+4.28 10.83+4.92 | 42.94+8.94

Mild dysfunction group 24 29.0 (27.0, 30.0) | 1322.33£212.38* | 19.26+3.63 | 20.79+3.71° | 11.39+4.15 | 44.39+8.2|

Moderate dysfunction group | 14 22.5 (21.0,23.0) | 1119.00£171.61°° | 18.63+3.26 | 15.29+3.12%° | 12.62+4.73 | 46.37£9.62

F 13.168 0.365 23.824 0313 0.844

P <0.001 0.782 <0.001 0.817 0.478

Notes: °P < 0.05 (compared with the control group), °P < 0.05 (compared with the moderate stenosis group).
Abbreviations: TIC, time-intensity curve; AUC, area under the curve; RT, rise time; P, peak intensity; TTP, time to peak; mTT, mean transit time.
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Figure 4 Correlation analysis of TIC parameters (AUC and PI) with different degrees of renal artery stenosis and rGFR. (A) and (B) shows the association between TIC
parameters and renal artery stenosis. (C) and (D) shows the association between TIC parameters and rGFR of affected kidneys.
Abbreviations: TIC, time-intensity curve; AUC, area under the curve; Pl, peak intensity.

The rGFR of 10 kidneys was improved compared with the
baseline, which indicated restored renal blood flow and
improved renal function. However, there were 22 kidneys
remained stable and 6 kidneys deteriorated. It implied that
the outcome of PTRAS depended on different degrees of
preoperative renal ischemia.

One hypothesis to explain these differences may be
that there is “hibernating parenchyma” in those kidneys
with improved outcomes after PTRAS.?**® The “hiber-
nating parenchyma” means that after the compensating
capacity of the kidney gradually decreases, part of the
glomerular function will be in a dormant state to main-
tain the blood supply of the medulla. The renal micro-
vasculature remodeling and damage may temporarily or
permanently deteriorate renal blood flow, glomerular fil-
tration capacity and renal tubular function, which may be
the starting point of RAS.*”?’ Since no irreversible

structural changes have occurred, the return of blood
flow to the ischaemic tissue after the stenosis corrected

1*° also

can help improve renal function. Onuigbo et a
reported that in patients with hemodynamically signifi-
cant renal artery stenosis who present with acutely wor-
sening renal failure, PTRAS was more likely than not to
produce both renal and cardiovascular benefits. The ROC
curves in this study revealed that the TIC parameters
(AUC and PI) could help identify the kidneys with
“hibernating parenchyma” in ARAS patients which
were still salvageable with PTRAS. The combined
model based on baseline AUC and PI was more accurate
in the prediction of renal functional improvement than
the individual indicators. In the clinical setting, physi-
cians can calculate the probability of improved outcome
using the combined model and perform the subsequent

treatment.
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Figure 5 ROC curves of baseline rGFR, AUC, PI, the combination of baseline AUC
and Pl, and the combination of Pl, AUC and rGFR in predicting improved renal
function following PTRAS. Blue line represents the combination of AUC and Pl
(0.889). Green line represents the combination of Pl, AUC and rGFR (0.807).
Orange line represents baseline AUC (0.855). Green dashed line represents base-
line Pl (0.782). Pink dashed line represents baseline rGFR (0.670).
Abbreviations: ROC, receiver-operating characteristics; AUC, area under the
curve; Pl, peak intensity; rGFR, radioisotope glomerular filtration rate; PTRAS,
percutaneous transluminal renal artery stenting.

The primary limitation of this study is the limited
patient numbers. This leads to a lack of kidneys with
irreversible structural changes in our study. Although in
theory, PTRAS may not be beneficial to restore the renal
function of this type of kidney, it still needs to be
verified by increasing cases. Although CEUS provided
us with a safe method to evaluate renal perfusion, it still
faces the limitation of measurement errors caused by
factors such as obesity and poor breathing coordination.
It is particularly obvious in the diagnosis of renal artery
stenosis due to the attenuation of acoustic energy and the
limitation of angle adjustment. Besides, we did not eval-
uate whether renal functional improvement after PTRAS
translated into a survival benefit. Nonetheless, the results
of this study do inform us that renal parenchymal TIC
has potential clinical uses in the future.

In conclusion, the TIC parameters (AUC and PI) were
closely associated with the renal function in ARAS
patients. Their combination is valuable in the prediction
of renal functional improvement after PTRAS. Our study
strongly demonstrated that CEUS could accurately assess
renal parenchymal perfusion and identify ARAS patients
with potential benefit after PTRAS.
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