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Clinical and Renal Cortical Blood Perfusion 
Characteristics in Patients with Severe 
Atherosclerotic Renal Artery Stenosis Who 
Underwent Stent Implantation: A Single-
center Retrospective Cohort Study
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Background
Renal artery stenosis (RAS) refers pri-
marily to the stenosis of the main or 
branch of the renal artery, thus leading 
to renal ischemia. The activity of the 
renin- angiotensin system significantly 
increases, thus leading to hypertension 

and impaired renal function. RAS is com-
mon in older people, with a prevalence 
of approximately 7% in people ≥65 years 
of age, and of up to 20% in people with 
diabetes and secondary hypertension [1, 
2]. Studies have shown that RAS causes 
abnormal renal artery hemodynamics, 
thus leading to changes in renal function, 
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Abstract

Objective This study aimed to observe the clinical imaging features of patients with severe atherosclerotic 
renal artery stenosis (ARAS) receiving stent implantation, and to evaluate the associations between baseline 
clinical and imaging factors and renal-function deterioration at a 1-year follow-up.
Methods This study was a single-center retrospective cohort study. A total of 159 patients with unilateral 
severe ARAS who underwent stent implantation at Beijing Hospital between July 2017 and December 2020 
were consecutively enrolled. According to the renal glomerular filtration rate (GFR), detected by radionu-
clide renal imaging at 1-year follow-up, all patients were divided into a poor-prognosis group (with a ≥30% 
decrease in renal GFR; n=32 cases) and a control group (127 cases). Clinical imaging data, including the 
renal cortical blood perfusion pre- and post-sent implantation, were analyzed. Univariate and multivariate 
logistic regression analysis was used to evaluate the associations between clinical and imaging factors and 
renal-function deterioration.
Results Of the 159 patients enrolled, 83 (52.2%) were men, with an average age of (57.2±14.7) years. The 
patient age, rate of diabetes, and systolic blood and diastolic blood pressure in the poor-prognosis group 
were significantly higher than those in the control group (all P<0.05). Before stent treatment, patients in the 
poor-prognosis group, compared with the control group, had a significantly smaller area under the ascend-
ing curve (AUC1), area under the descending curve (AUC2), and peak intensity (PI), and a longer time 
to peak intensity (TTP) and mean transit time (MTT) (all P<0.05). After stent treatment, patients in the 
poor-prognosis group, compared with the control group, showed significantly smaller AUC1, AUC2, and 
PI, and longer MTT (all P<0.05). Multivariate logistic regression analysis indicated that age (OR=1.251, 
95%CI: 1.113–1.406, P=0.0002), diabetes (OR=1.472, 95%CI: 1.110–1.952, P=0.007), systolic blood pres-
sure (OR=1.339, 95%CI: 1.082–1.657, P=0.007), renal GFR (OR=2.025, 95%CI: 1.217–3.369, P=0.006), 
and AUC1 post-stent (OR=2.173, 95%CI: 1.148–4.113, P=0.017) were the factors associated with renal 
deterioration at the 1-year follow-up.
Conclusions Patients with severe RAS with renal-function deterioration after stent implantation were older, 
and often had diabetes, hypertension, and impaired renal cortical perfusion. Age, diabetes, systolic blood 
pressure, renal GFR, and AUC1 after stent implantation were independent factors associated with short-term 
renal deterioration.

Keywords

Prognosis, related factor, renal cortical blood perfusion, severe atherosclerotic renal artery stenosis, stent 
implantation.
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such as renal blood perfusion. Therefore, some patients 
with mild RAS may have markedly impaired renal blood 
perfusion [3]. Revascularization is an important method 
used to treat severe RAS. However, large-scale randomized 
controlled clinical studies, such as ASTRAL and CORAL, 
have demonstrated that stent placement does not improve 
the prognosis of patients with severe RAS [4, 5]. In 2014, 
the American Society of Cardiovascular Angiography and 
Intervention released the Expert Consensus on Renal Artery 
Stenting, recommending revascularization treatment for 
patients with severe RAS. However, owing to the lack of 
prospective randomized controlled clinical trials, the cur-
rent recommendations are based on only expert consensus 
(level of evidence, IIIA) [6]. Therefore, further evaluation 
of the factors affecting the prognosis of patients with severe 
RAS with stent implantation is necessary.

Previous studies have indicated that renal parenchymal 
blood flow and the glomerular filtration rate (GFR) are 
significantly associated with the prognosis of stent therapy 
[7, 8]. Our previous study has shown that stent interven-
tion for severe RAS has no effect on short-term renal func-
tion [9], and contrast-enhanced ultrasound (CEUS) can 
be used to quantitatively assess renal parenchymal blood 
perfusion in real time. The cortical blood perfusion signif-
icantly differs in patients with mild, moderate, or severe 
RAS. Cortical blood perfusion parameters are signifi-
cantly associated with the renal GFR, as detected by radi-
onuclide renal imaging, and may affect prognosis [10, 11]. 
Therefore, we enrolled 159 patients with unilateral severe 
ARAS who underwent stent therapy at Beijing Hospital 
between January 2017 and December 2020, and analyzed 
the clinical imaging data and the associations between 
baseline clinical and imaging factors and renal-function 
deterioration.

Participants and methods

Research participants

This study was a single-center retrospective cohort study. A 
total of 573 patients (18–75 years of age) with RAS admitted 
to our hospital between July 2017 and December 2020 were 
enrolled. A total of 394 participants were excluded on the basis 
of the inclusion and exclusion criteria. Finally, 159 patients 
with unilateral severe ARAS who underwent stent treat-
ment between July 2017 and December 2020 were included 
(Figure 1). This study was registered with the Chinese 
Clinical Trial Registration Center (ChiCTR1800016252), 
met the medical-ethics requirements, and was approved by 
the ethics committee of our hospital (2018BJYYEC-043-02).

Inclusion and exclusion criteria

The inclusion criteria were as follows: (1) clinically diagnosed 
RAS with severe stenosis (diagnosed by digital subtraction 
angiography, CT angiography, or CEUS, indicating a decrease 
in lumen diameter by 70% to 99%) [2]; (2) 18–75 years of 
age, any sex; 3) stent implantation treatment; (4) provision of 
informed consent to voluntarily participate in this study.

The exclusion criteria were as follows: (1) simple essen-
tial hypertension; (2) severe cardiopulmonary dysfunction; 
(3) hypersensitivity to sulfur hexafluoride, the contrast agent 
used in CEUS; (4) renal artery occlusion (100% decrease in 
lumen diameter) (5) unclear ultrasound and other imaging 
findings; (6) advanced tumors; (7) pregnancy or breastfeed-
ing; (8) non-cooperation with treatment; (9) refusal to sign 
informed consent (Figure 1).

Figure 1  Flow chart.
RAS, renal artery stenosis.
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Methods

The patients’ baseline data were recorded, including demo-
graphic data, clinical data, and biochemical examination and 
imaging data. Renal cortex blood perfusion was detected 
before and after stent placement, and renal GFR was detected 
with radionuclide renal imaging at the 1-year follow-up.

Renal cortex blood perfusion

CEUS was performed on all patients with a Samsung ultra-
sound system to evaluate the renal cortex blood perfusion 
of the affected kidney. The starting imaging conditions were 
as follows: mechanical index 0.08, image depth 15 cm, and 
gain 56 dB. The patients received two bolus injections of 
contrast medium in each kidney, and the main renal artery 
(dose 1.0 ml/kidney) and renal cortex blood perfusion (dose 
1.2 ml/kidney) were observed. The specific process was as 
follows. In patients lying on their sides, the long axis sec-
tion of the kidney was fixed perpendicularly to the direction 
of the sound beam. The contrast mode was turned on, and 
the contrast agent was injected through the cubital veins. 
The renal cortex contrast agent perfusion storage image was 
dynamically observed for 3 minutes. Renal cortex blood per-
fusion parameters were analyzed, including the area under 
the ascending curve (AUC1), area under the descending 
curve (AUC2), peak intensity (PI), time to peak intensity 
(TTP), and mean transit time (MTT) (Figure 2) [12].

Renal GFR

All patients underwent radionuclide renal imaging to evaluate 
the GFR of the kidney, with Symbia E-type SPECT or Symbia 
T16-type SPECT/CT (Siemens, Germany) instruments under 
a low-energy high-resolution collimator. Images were col-
lected through the GATES method, and the radioactivity 
counts of the full and empty needles were measured at 30 cm 

before the probe before and 6 s after injection. The patients 
were placed in supine position, and the probe field included 
both kidneys. After injection of 1.85×108 Bq 99mTc-DTPA 
(Atom High-Tech Co., Ltd.) through the cubital vein, the com-
puter dynamic collection was started immediately. The acqui-
sition matrix was 64×64, divided into two groups. For the first 
group, the blood perfusion phase, 30 frames were collected 
at 2 s/frame; for the second group, the intake and excretion 
phase, 20 frames were collected at 60 s/frame, for a total of 
20 min. With ROI technology, the images were processed 
to construct the blood flow perfusion, uptake, and excretion 
curves of the bilateral kidneys. The GATES method was used 
to determine the total GFR and sub-renal GFR (ml/min).

Deterioration of renal function

Deterioration of renal function refers to the estimated GFR, 
which was decreased by ≥30% after treatment and lasted for 
at least 60 days. Deterioration of renal function for other rea-
sons was excluded [4, 5].

Statistical methods

STATA 14.0 statistical software was used for data  analyses. 
Normally distributed data are expressed as x ± s, and 
 independent-sample t test was used for comparisons between 
groups; count data are expressed as percentages, and the 
comparison of rates between groups was assessed with χ2 
tests. Univariate logistic regression analysis was used to 
identify possible associations between baseline data and the 
risk of renal-function deterioration. Factors with a P value 
<0.1 in univariate logistic regression analysis were used to 
perform multivariate logistic regression analysis. A P value 
<0.05 was considered statistically significant.

Results

Baseline clinical imaging data

Among the 159 patients with severe RAS, 83 (52.2%) were 
men, and the average age was 57.2±14.7 years. According to 
the renal GFR, detected by radionuclide renal imaging at the 
1-year follow-up, the patients were divided into a poor-prog-
nosis group (with a renal GFR decrease ≥30%) [4, 5] (32 
cases) and a control group (127 cases). Between groups, the 
age, rate of diabetes, systolic blood pressure, and diastolic 
blood pressure in the poor-prognosis group were signifi-
cantly higher than those in the control group, whereas the 
GFR of the stenotic kidney was significantly lower in the 
poor-prognosis group than the control group (all P<0.05). 
However, no significant difference was observed in sex, 
duration of hypertension, previous history (hyperlipidemia, 
smoking, or coronary artery disease), creatinine level, and 
degree of RAS between groups (all P>0.05) (Table 1).

Figure 2  Time-dependent intensity curves (TIC) based on selected 
regions of interest.
AUC: area under the curve; MTT: mean transit time; PI: peak inten-
sity; TTP: time to peak intensity; RT: rise time.
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Cortical blood perfusion in the two 
groups
Before treatment, patients in the poor-prognosis group, 
compared with the control group, had significantly smaller 
AUC1, AUC2, and PI, and longer TTP and MTT (all 
P<0.05). After treatment, compared with those in the control 
group, patients in the poor-prognosis group had significantly 
smaller AUC1, AUC2, and PI, and longer MTT (all P<0.05) 
(Table 2, Figure 3).

Routine ultrasound and CEUS (Figure 3A) and DSA 
(Figure 3B) showed 85% localized stenosis of the right 
renal artery with impaired renal cortical blood perfusion 
(Figure 3C), which significantly improved after stent 
implantation (Figure 3D).

Logistic regression analysis

Univariate logistic regression analysis indicated that age, 
diabetes, systolic blood pressure, diastolic blood pressure, 
RAS degree, renal GFR, AUC1, AUC2, PI, TTP, and MTT 
after stent implantation were factors associated with renal- 
function deterioration (all P<0.1). Multivariate logistic 
regression analysis revealed that age (OR=1.251, 95%CI: 
1.113–1.406, P=0.0002), diabetes (OR=1.472, 95%CI: 
1.110–1.952, P=0.007), systolic blood pressure (OR=1.339, 
95%CI: 1.082–1.657, P=0.007), renal GFR (OR=2.025, 
95%CI: 1.217–3.369, P=0.006), and AUC1 post-stent 
(OR=2.173, 95%CI: 1.148–4.113, P=0.017) were factors 
associated with renal-function deterioration after 1-year fol-
low-up (Table 3).

Table 2  Changes in Cortical Blood Perfusion Pre- and Post-stent Implantation

Data Poor-prognosis Group (n=32) Control Group (n=127) t Value P Value
AUC1 (dB×s)
  Pre-stent 792.5±316.5 1146.2±273.2 6.335 <0.001
  Post-stent 968.4±275.2a 1377.6±243.1a 8.283 <0.001
AUC2 (dB×s)
  Pre-stent 4022.5±1579.8 4816.4±1127.5 3.263 <0.001
  Post-stent 4246.3.2±1772.2a 5305.2±1228.1a 3.957 <0.001
PI (dB)
  Pre-stent 108.4±22.8 117.1±27.2 1.667 0.098
  Post-stent 120.5±20.7a 131.6±15.1a 2.309 0.022
TTP (s)
  Pre-stent 22.8±5.4 19.8±4.1 3.457 <0.001
  Post-stent 19.7±5.2a 17.6±5.8 1.867 0.064
MTT (s)
  Pre-stent 58.1±13.3 48.6±11.5 4.044 <0.001
  Post-stent 52.5±13.5a 45.4±10.3a 3.262 0.001

AUC1: area under the ascending curve; AUC2: area under the descending curve; PI: peak intensity; TTP: time to peak intensity; 
MTT: mean transit time. Compared with pre-sent: aP<0.05.

Table 1  Baseline Clinical-imaging Data

Data Poor-prognosis Group (n=32) Control Group (n=127) t/χ2 Value P Value

Basic data
  Age (yr) 62.2±14.7 56.0±9.3 2.961 0.004
  Male sex [n(%)] 17(53.1) 66(52.0) 0.014 0.907
  HP duration (yr) 13.1±8.9 11.8±5.1 1.088 0.278
History [n(%)]
  Diabetes 24(75.0) 42(33.1) 18.508 <0.001
  Hyperlipidemia 16(50.0) 48(37.8) 1.561 0.212
  Smoking 19(59.4) 60(47.2) 1.511 0.219
  Coronary artery disease 14(43.8) 39(30.7) 1.897 0.162
Blood pressure
  SBP (mmHg) 152.7±22.8 138.8±18.9 3.562 <0.001
  DBP (mmHg) 94.7±18.3 86.8±9.2 3.450 <0.001
Chemical results

  Creatinine (μmol/L) 112.0±34.6 104.7±24.6 1.374 0.172

Imaging data
  Degree of RAS (%) 87.2±15.4 83.9±17.4 1.751 0.082
  GFR of the stenotic kidney (ml/min) 21.4±6.2 25.3±4.7 3.919 0.0001

HP: hypertension; SBP: systolic blood pressure; DBP: diastolic blood pressure; RAS: renal artery stenosis; GFR: glomerular filtration rate.
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Discussion

Stent placement does not improve the prognosis of all 
patients with severe RAS but is a common treatment for 
patients with severe RAS. However, multi-center rand-
omized clinical trials, such as ASTRAL and CORAL, have 
indicated that stent placement in patients with severely 
stenotic RAS does not decrease the incidence of adverse 

cardio-renal vascular events [4, 5]. However, those studies 
had a substantial limitation of selection bias. In the CORAL 
study, patients with recent heart failure and severe RAS who 
might have benefitted from stent therapy were excluded, 
whereas in the ASTRAL study, patients with stenosis of 
50%–70% were selected. A total of 50% to 70% of patients 
with RAS with stenosis did not show significant hemod-
ynamic improvement, and tend not to benefit from stent 

A B

C D

Figure 3  Cortical blood perfusion before and after stent implantation in a 62-year-old woman with 85% stenosis at the origin of the right renal 
artery. Routine ultrasound and CEUS (A) showed 85% stenosis at the origin of the right renal artery, which was confirmed by DSA (B). The 
affected right kidney’s cortical blood perfusion was decreased before stenting (C) and partially increased after stenting (D).
CEUS: contrast-enhanced ultrasound; DSA: digital subtraction angiography.

Table 3  Logistic Regression Analysis of Factors Associated with Renal-function Deterioration

Risk factor  β  SE  Wald χ2  OR  95%CI  P

Age   0.224   0.057   0.881   1.251   1.113–1.406   0.0002
Diabetes   0.388   0.144   1.038   1.472   1.110–1.952   0.007
SBP   0.292   0.109   0.782   1.339   1.082–1.657   0.007
GFR   0.706   0.260   1.913   2.025   1.217–3.369   0.006
AUC1 post-stent   0.776   0.326   0.848   2.173   1.148–4.113   0.017

SBP: systolic blood pressure; GFR: glomerular filtration rate; AUC1: area under the ascending curve.
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placement. Subgroup analysis revealed that only 25% of 
patients with moderate to severe stenosis had improved renal 
function after surgery, and the basic renal function in these 
patients was acceptable. In  contrast, the basic renal function 
of patients with poor prognosis was poor, and RAS did not 
reach significant blood flow improvement [13, 14]. Studies 
have confirmed that, for patients with RAS of 50%–70% in 
terms of diameter, arterial hemodynamics and pathophysi-
ological changes must be evaluated simultaneously [15]. If 
the GFR or blood flow of the affected  kidney decreases by 
more than 25% on the contralateral side, according to the 
causal relationships among vascular stenosis, hypertension, 
and renal damage, vascular reconstruction is feasible. For 
patients with severe RAS (>70%), most of the glomeruli in 
the affected kidney must survive (≥50%) without irreversi-
ble damage [2, 6, 15]. Therefore, we speculate that patients 
with severe RAS with no significant decline in basic renal 
function may benefit from revascularization therapy. In this 
study, 17.3% (13/75) of the patients had poor prognosis, and 
diabetes, hypertension, underlying renal dysfunction, and 
abnormal renal cortical blood perfusion were often observed.

Renal cortex blood perfusion is a sensitive indicator for 
evaluating hemodynamic disorders in patients with RAS. 
Cortical blood perfusion differs among patients with mild, 
moderate, or severe RAS. Paul et al. [16] have used CT per-
fusion imaging to assess the blood perfusion of the renal 
parenchyma, and divided the time-density curves of the bilat-
eral kidneys into the following groups: (1) type I, bilateral 
symmetrical, with similar shapes of bilateral time-density 
curves; (2) type II, bilateral asymmetric, with a prolonged 
time to peak on the affected side but similar bilateral corti-
cal perfusion; and (3) type III, with significantly decreased 
cortical perfusion on the affected side and peak value, and 
prolonged peak time. Studies have confirmed that mild RAS 
(stenosis <50%) does not cause hemodynamic changes, and 
the time-density curve shows type I symmetry. As the degree 
of stenosis increases, the time-density curve follows type II  
and type III. Our previous study has indicated that the AUC1, 
AUC2, and MTT in patients with mild RAS significantly 
differ from those in normal controls; and in patients with 
moderate or severe RAS, the TTP and MTT are significantly 
delayed, and the AUC1, AUC2, and PI are significantly 
smaller than those in normal controls (all P<0.05) [10, 11].

Renal cortex blood perfusion is significantly associated 
with the prognosis of patients with RAS and is an important 
indicator for evaluating renal function. Cui et al. [7] have 
used 99mTc-EC to determine the effective renal plasma flow 
and radionuclide renal imaging to determine GFR, then cal-
culated the renal filtration fraction (normally 18%–22%), 
The authors have found that the renal filtration fraction 
increased significantly before stent treatment. Patients with 
high kidney filtration scores had good prognosis; kidneys 
with normal renal filtration scores before surgery showed 
partially improved renal function; and kidneys with lower 
kidney filtration scores before surgery had poor prognosis. 
Therefore, significantly elevated or normal RAS before sur-
gery is an indication for renal artery stenting. Chrysochou 
et al. [8] have found that the renal parenchymal blood 
flow, measured by magnetic resonance, and the renal GFR 
ratio, measured by radionuclide imaging, can help identify 

"hibernating" kidneys with good prognosis (AUC=0.93). 
Renal function can significantly improve after treatment; 
therefore, patients with high renal GFR ratios are suitable 
for renal artery stent therapy. In this study, before treatment, 
patients in the poor- prognosis group, compared with the 
control group, had significantly smaller AUC1, AUC2, and 
PI, and longer TTP and MTT (all P<0.05). After treatment, 
patients in the poor-prognosis group, compared with the con-
trol group, had significantly smaller AUC1, AUC2, and PI, 
and longer MTT (all P<0.05).

Similarly to previous studies [17–18], our study indi-
cated that several established related factors, such as age 
(OR=1.242, 95%CI: 1.081–1.427, P=0.002), diabetes 
(OR=1.242, 95%CI: 1.107–2.156, P=0.011), systolic blood 
pressure (OR=1.328, 95%CI: 1.056–1.670, P=0.015), and 
renal GFR (OR=2.374, 95%CI: 1.216–3.887, P=0.009) 
[19], were factors associated with renal-function deteri-
oration. Furthermore, the AUC1 after stent implantation 
(OR=2.646, 95%CI: 1.553–6.369, P=0.002) was a related 
factor. Therefore, AUC1 after stent implantation is a new 
biomarker that may help clinicians evaluate the degree of 
renal ischemia and determine prognosis. Moreover, com-
bined with established related factors (age, diabetes, systolic 
blood pressure, and GFR), renal cortical blood perfusion 
parameters may be useful for select patients who might clin-
ically benefit from stent implantation [20].

Study limitations

This study has several limitations. (1) This study was a sin-
gle-center cohort study with a small sample size. More stud-
ies with larger sample sizes should be conducted to verify 
the identified association. (2) Patients included in our study 
had atherosclerotic RAS, and those with non-atherosclerotic 
RAS, such as that due to Takayasu’s arteritis, fibromuscular 
dysplasia, or embolism, might have different characteristics 
of renal cortical blood perfusion [21–23]. (3) The patients 
enrolled were often middle-aged or older (average age 
59.5 years), and had several atherosclerosis-related factors. 
Therefore, those younger patients with fewer atherosclero-
sis-related factors might have different factors associated 
with short-term renal-function deterioration [24–27]. (4) All 
patients had unilateral severe ARAS. However, one-third 
to two-thirds of patients with severe ARAS have bilateral 
lesions, and findings for both kidneys are associated with 
prognosis [28–29]. (5) Patients were followed up for 1 year; 
however, longer follow-up periods are needed to evaluate 
the incidence of adverse cardio-renal vascular events.

Conclusions

Patients with severe RAS with poor prognosis after stent ther-
apy often have diabetes, hypertension, and impaired renal cor-
tical blood perfusion. Multivariate logistic regression analysis 
indicated that—in addition to several established related fac-
tors, including age, diabetes, systolic blood pressure, and renal 
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GFR—AUC1 after stent implantation was an independent fac-
tor associated with short-term renal deterioration. However, 
more large-scale studies are needed to confirm these findings.

Funding

This study was supported by the Beijing Hospital Clinical 
Research 121 Project (BJ-2018-198); Scientific Research 

Project of Beijing Hospital (2018-001); Beijing Municipal 
Science & Technology Commission (Z211100002921011) 
and Basic Research Project of the Central Academy of 
Medical Sciences of China (2019PT320012).

Conflicts of interest

The authors report no conflicts of interest.

References
[1] Hansen KJ, Edwards MS, Craven TE, Cherr GS, Jackson SA, 

et al. Prevalence of renovascular disease in the elderly: a popula-
tion-based study. J Vasc Surg 2002;36:443-51. [PMID: 12218965 
DOI: 10.1067/mva.2002.127351]

[2] Tan EJ, Zhang S, Tirukonda P, Chong LR. REACT - a novel flow- 
independent non-gated non-contrast MR angiography technique using 
magnetization-prepared 3D non-balanced dual-echo dixon method: 
preliminary clinical experience. Eur J Radiol Open 2020;7:100238. 
[PMID: 32548214 DOI: 10.1016/j.ejro.2020.100238]

[3] Schoepe R, McQuillan S, Valsan D, Teehan G. Atherosclerotic 
renal artery stenosis. Adv Exp Med Biol 2017;956:209-13. [PMID: 
27873231 DOI: 10.1007/5584_2016_89].

[4] ASTRAL Investigator, Wheatley K, Ives N, Gray R, Kalra PA, et al. 
Revascularization versus medical tehrapy for renal-artery stenosis. 
N Engl J Med 2009;361:1953-62. [PMID: 19907042 DOI: 10.1056/
NEJMoa0905368]

[5] Cooper CJ, Murphy TP, Cutlip DE, Jamerson K, Henrich W, et al. 
Stenting and medical therapy for atherosclerotic renal-artery ste-
nosis. N Engl J Med 2014;370:13-22. [PMID: 24245566 DOI: 
10.1056/NEJMoa1310753]

[6] Parikh SA, Shishehbor MH, Gray BH, White CJ, Jaff MR. SCAI 
expert consensus statement for renal artery stenting appropriate use. 
Catheter Cardiovasc Interv 2014;84:1163-71. [PMID: 25138644 
DOI: 10.1002/ccd.25559]

[7] Cui Y, Zhang Q, Yan J, Wu J. The value of contrast-enhanced ultra-
sound versus Doppler ultrasound in grading renal artery stenosis. 
Biomed Res Int 2020;2020:7145728. [PMID: 32964041 DOI: 
10.1155/2020/7145728]

[8] Chrysochou C, Green D, Ritchie J, Buckley DL, Kalra PA. Kid-
ney volume to GFR ratio predicts functional improvement after 
revascularization in atheromatous renal artery stenosis. PLoS 
One 2017;12:e0177178. [PMID: 28594847 DOI: 10.1371/journal.
pone.0177178]

[9] Manaktala R, Tafur-Soto JD, White CJ. Renal artery stenosis in the 
patient with hypertension: prevalence, impact and management. 
Integr Blood Press Control 2020;13:71-82. [PMID: 32581575 DOI: 
10.2147/IBPC.S248579]

[10] Bhattad PB, Jain V. Renal artery stenosis as etiology of recurrent 
flash pulmonary edema and role of imaging in timely diagnosis 
and management. Cureus 2020;12:e7609. [PMID: 32399343 DOI: 
10.7759/cureus.7609]

[11] Bob-Manuel T, White CJ. Renal and mesenteric artery interven-
tion. Interv Cardiol Clin 2020;9:169-85. [PMID: 32147118 DOI: 
10.1016/j.iccl.2019.11.002]

[12] Ren JH, Wang SY, Ma N, Sun YJ, Zhang YW, et al. Rationale 
and study design for one-stop assessment of renal artery stenosis 
and renal microvascular perfusion with contrast-enhanced ultra-
sound for patients with suspected renovascular hypertension. 
Chin Med J 2018;132:63-8. [PMID: 30628960 DOI: 10.1097/
CM9.0000000000000002]

[13] Iwashima Y, Fukuda T, Horio T, Hayashi SI, Kusunoki H, et al. 
Association between renal function and outcomes after percu-
taneous transluminal renal angioplasty in hypertensive patients 

with renal artery stenosis. J Hypertens 2018;36:126-35. [PMID: 
28786860 DOI: 10.1097/HJH.0000000000001499]

[14] Beck AW, Nolan BW, De Martino R, Yuo TH, Tanski WJ, et al. 
Predicting blood pressure response after renal artery stenting. 
J Vasc Surg 2010;51:380-5. [PMID: 19939607 DOI 10.1016/j.
jvs.2009.08.088]

[15] Anderson JL, Halperin JL, Albert NM, Bozkurt B, Brindis RG, 
et al. Management of patients with peripheral artery disease (com-
pilation of 2005 and 2011 ACCF/AHA guideline recommenda-
tions): a report of the American College of Cardiology Foundation/
American Heart Association Task Force on Practice Guidelines. 
Circulation 2013;127:1425-43. [PMID: 23457117 DOI: 10.1161/
CIR.0b013e31828b82aa]

[16] Paul JF, Ugolini P, Sapoval M, Mousseaux E, Gaux JC. Unilat-
eral renal artery stenosis: perfusion patterns with electron-beam 
dynamic CT--preliminary experience. Radiology 2001;221:261-5. 
DOI: 10.1148/radiol.2211001558

[17] Hu Y, Zhang Y, Wang H, Yin Y, Cao C, et al. Percutaneous renal 
artery stent implantation in the treatment of atherosclerotic renal 
artery stenosis. Exp Ther Med 2018;16:2331-6. [PMID: 30186475 
DOI: 10.3892/etm.2018.6440]

[18] Fay KS, Cohen DL. Resistant hypertension in people with CKD: a 
review. Am J Kidney Dis 2021;77:110-21. [PMID: 32712185 DOI: 
10.1053/j.ajkd.2020.04.017]

[19] Wang X, Wang S, Pang YP, Jiang T, Yu C, et al. Contrast-enhanced 
ultrasound assessment of renal parenchymal perfusion in patients 
with atherosclerotic renal artery stenosis to predict renal function 
improvement after revascularization. Int J Gen Med 2020;13:1713-21.  
[PMID: 33408509 DOI: 10.2147/IJGM.S293316]

[20] Ran X, Lin L, Yang M, Niu G, Chen L, et al. Contrast-en-
hanced ultrasound evaluation of renal blood perfusion changes 
after percutaneous transluminal renal angioplasty and stent-
ing for severe  atherosclerotic renal artery stenosis. Ultrasound 
Med Biol 2020;46:1872-9. [PMID: 32451193 DOI: 10.1016/j.
ultrasmedbio.2020.04.006]

[21] Rogers S, Lowe C, Carreira J, McCollum C, Ghosh J. Comparison 
of contrast-enhanced tomographic 3-D ultrasound against rotational 
angiography imaging immediately after endovascular aneurysm 
repair. Ultrasound Med Biol 2019;45:2356-62. [PMID: 31253465 
DOI: 10.1016/j.ultrasmedbio.2019.05.030]

[22] Goyal A, Hemachandran N, Kumar A, Sharma R, Shamim SA, et al. 
Evaluation of the graft kidney in the early postoperative period: per-
formance of contrast-enhanced ultrasound and additional ultrasound 
parameters. J Ultrasound Med 2021;40:1771-83. [PMID: 33184930 
DOI: 10.1002/jum.15557].

[23] Araújo NC, Suassuna JHR. Time-intensity curve analysis of con-
trast-enhanced ultrasound is unable to differentiate renal dys-
function in the early post-transplant period - a prospective study. 
BMC Nephrol 2018;19:351. [PMID: 30537946 DOI: 10.1186/
s12882-018-1158-0]

[24] Pan FS, Liu M, Luo J, Tian WS, Liang JY, et al. Transplant renal artery 
stenosis: evaluation with contrast-enhanced ultrasound. Eur J Radiol 
2017;90:42-9. [PMID: 28583646 DOI: 10.1016/j.ejrad.2017.02.031]

BIOI  2022
O

rig
in

al A
rticle

https://pubmed.ncbi.nlm.nih.gov/12218965
https://doi.org/10.1067/mva.2002.127351
https://pubmed.ncbi.nlm.nih.gov/32548214
https://doi.org/10.1016/j.ejro.2020.100238
https://pubmed.ncbi.nlm.nih.gov/27873231
https://doi.org/10.1007/5584_2016_89
https://pubmed.ncbi.nlm.nih.gov/19907042
https://doi.org/10.1056/NEJMoa0905368
https://doi.org/10.1056/NEJMoa0905368
https://pubmed.ncbi.nlm.nih.gov/24245566
https://doi.org/10.1056/NEJMoa1310753
https://pubmed.ncbi.nlm.nih.gov/25138644
https://doi.org/10.1002/ccd.25559
https://pubmed.ncbi.nlm.nih.gov/32964041
https://doi.org/10.1155/2020/7145728
https://pubmed.ncbi.nlm.nih.gov/28594847
https://doi.org/10.1371/journal.pone.0177178
https://doi.org/10.1371/journal.pone.0177178
https://pubmed.ncbi.nlm.nih.gov/32581575
https://doi.org/10.2147/IBPC.S248579
https://pubmed.ncbi.nlm.nih.gov/32399343
https://doi.org/10.7759/cureus.7609
https://pubmed.ncbi.nlm.nih.gov/32147118
https://doi.org/10.1016/j.iccl.2019.11.002
https://pubmed.ncbi.nlm.nih.gov/30628960
https://doi.org/10.1097/CM9.0000000000000002
https://doi.org/10.1097/CM9.0000000000000002
https://pubmed.ncbi.nlm.nih.gov/28786860
https://doi.org/10.1097/HJH.0000000000001499
https://pubmed.ncbi.nlm.nih.gov/19939607
https://doi.org/10.1016/j.jvs.2009.08.088
https://doi.org/10.1016/j.jvs.2009.08.088
https://pubmed.ncbi.nlm.nih.gov/23457117
https://doi.org/10.1161/CIR.0b013e31828b82aa
https://doi.org/10.1161/CIR.0b013e31828b82aa
https://doi.org/10.1148/radiol.2211001558
https://pubmed.ncbi.nlm.nih.gov/30186475
https://doi.org/10.3892/etm.2018.6440
https://pubmed.ncbi.nlm.nih.gov/32712185
https://doi.org/10.1053/j.ajkd.2020.04.017
https://pubmed.ncbi.nlm.nih.gov/33408509
https://doi.org/10.2147/IJGM.S293316
https://pubmed.ncbi.nlm.nih.gov/32451193
https://doi.org/10.1016/j.ultrasmedbio.2020.04.006
https://doi.org/10.1016/j.ultrasmedbio.2020.04.006
https://pubmed.ncbi.nlm.nih.gov/31253465
https://doi.org/10.1016/j.ultrasmedbio.2019.05.030
https://pubmed.ncbi.nlm.nih.gov/33184930
https://doi.org/10.1002/jum.15557
https://pubmed.ncbi.nlm.nih.gov/30537946
https://doi.org/10.1186/s12882-018-1158-0
https://doi.org/10.1186/s12882-018-1158-0
https://pubmed.ncbi.nlm.nih.gov/28583646
https://doi.org/10.1016/j.ejrad.2017.02.031


60  Yan Li et al.: DOI: 10.15212/bioi-2021-0027

[25] Schäberle W, Leyerer L, Schierling W, Pfister K. Ultrasound 
diagnostics of renal artery stenosis: Stenosis criteria, CEUS and 
recurrent in-stent stenosis. Gefasschirurgie 2016;21:4-13. [PMID: 
27034579 DOI: 10.1007/s00772-015-0060-3]

[26] Ren JH, Ma N, Wang SY, Sun YJ, Zhang YW, et al. [Diagnos-
tic value of contrast-enhanced sonography and digital subtrac-
tion angiography for renal artery stenosis]. Zhonghua Yi Xue Za 
Zhi. 2019;99:209-11. [PMID: 30669765 DOI: 10.3760/cma.j.i
ssn.0376-2491.2019.03.011]

[27] Ma N, Sun YJ, Ren JH, Wang SY, Zhang YW, et al. [Characteristics 
of renal cortical perfusion and its association with renal function 
among elderly patients with renal artery stenosis]. Zhonghua Xin 

Xue Guan Bing Za Zhi 2019;47:628-33. [PMID: 31434434 DOI: 
10.3760/cma.j.issn.0253-3758.2019.08.007]

[28] Ma N, Wang SY, Sun YJ, Ren JH, Guo FJ. [Diagnostic value of 
contrast-enhanced ultrasound for accessory renal artery among 
patients suspected of renal artery stenosis]. Zhonghua Yi Xue Za 
Zhi 2019;99:838-40. [PMID: 30893727 DOI: 10.3760/cma.j.i
ssn.0376-2491.2019.11.008]

[29] Mueller-Peltzer K, Rübenthaler J, Fischereder M, Habicht A, Reiser M, 
et al. The diagnostic value of contrast-enhanced ultrasound (CEUS) as a 
new technique for imaging of vascular complications in renal transplants 
compared to standard imaging modalities. Clin Hemorheol Microcirc 
2017;67:407-13. [PMID: 28885208 DOI: 10.3233/CH-179221].

BIOI  2022
O

ri
g

in
al

 A
rt

ic
le

https://pubmed.ncbi.nlm.nih.gov/27034579
https://doi.org/10.1007/s00772-015-0060-3
https://pubmed.ncbi.nlm.nih.gov/30669765
https://doi.org/10.3760/cma.j.issn.0376-2491.2019.03.011
https://doi.org/10.3760/cma.j.issn.0376-2491.2019.03.011
https://pubmed.ncbi.nlm.nih.gov/31434434
https://doi.org/10.3760/cma.j.issn.0253-3758.2019.08.007
https://pubmed.ncbi.nlm.nih.gov/30893727
https://doi.org/10.3760/cma.j.issn.0376-2491.2019.11.008
https://doi.org/10.3760/cma.j.issn.0376-2491.2019.11.008
https://pubmed.ncbi.nlm.nih.gov/28885208
https://doi.org/10.3233/CH-179221

