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Purpose: Renal artery stenosis leads to ischemic renal insufficiency, but methods for 
assessing renal perfusion are limited. This study aimed to evaluate the association between 
renal slow perfusion and impaired renal function in atherosclerotic renal artery stenosis 
(ARAS).
Patients and Methods: A total of 79 consecutive patients with uncontrolled hypertension 
who underwent renal angiography and renal dynamic scintigraphy for suspected ARAS were 
enrolled in the retrospective descriptive study. Based on the status of renal artery stenosis and 
renal perfusion, participants were divided into three groups: the control group (n=26), the 
unilateral ARAS with renal normal perfusion group (RNP, n=30), and the unilateral ARAS 
with renal slow perfusion group (RSP, n=23). RSP was defined as renal blush grade (RBG) 
≤1, while RBG>1 belonged to RNP. Split renal function (SRF) was achieved from 99mTc- 
DTPA renal scintigraphy. The value of the difference in split renal function (DSRF) is 
contralateral SRF minus impaired SRF of paired kidneys in ARAS. We compared the SRF 
and DSRF between different groups to identify the association between renal slow perfusion 
and renal impairment in ARAS.
Results: We analyzed SRF for paired kidneys and found the following: (1) The SRF of the 
paired kidney was similar in the RNP group (24.3 ± 10.2 mL/min vs 27.5 ± 8.4 mL/min; P = 
0.19); however, the impaired SRF was obviously decreased compared with the contralateral 
SRF in the RSP group (13.5 ± 8.6 mL/min vs 36.7 ± 16.9 mL/min; P < 0.001); and (2) The 
difference in SRF in the RSP group was significantly higher than that in the control and RNP 
groups (19.8 ± 11.9 mL/min vs 4.8 ± 8.1 mL/min; 19.8 ± 11.9 mL/min vs 4.6±3.7 mL/min; 
P < 0.05).
Conclusion: As an angiographic phenomenon, renal slow perfusion might be an indicator of 
severely impaired renal function.
Keywords: renal angiography, renal dynamic scintigraphy, renal dysfunction

Introduction
Atherosclerosis is the primary cause of renal artery stenosis (RAS), leading to 
structural obstruction in the renal artery that retards kidney perfusion and hampers 
renal function.1 The pathophysiological mechanisms of renal insufficiency in ather-
osclerotic renal artery stenosis (ARAS) involve multiple factors, including ische-
mia, essential hypertension, diabetes mellitus, and aging. Several randomized 
controlled studies demonstrated that revascularization provided no clear benefits 
for ARAS patients with preserved renal function.2–4 The assessment of anatomical 
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stenoses in the renal artery may not be sufficient to predict 
renal hypoperfusion, which leads to ischemia and excre-
tory dysfunction. In the past, the index of estimated glo-
merular filtration rate (eGFR) was widely adopted to 
assess renal function. However, eGFR was not appropriate 
for further evaluation of renal function change.5,6 In con-
trast, it has been reported that renal dynamic scintigraphy 
can be more sensitive than eGFR and is capable of mea-
suring split renal function in ARAS.7,8 Furthermore, simi-
lar to coronary slow flow phenomenon,9 renal slow 
perfusion (RSP), characterized by delayed opacification 
of the distal vasculature, may further specify insufficient 
blood perfusion to uncover severe hypoperfusion in ARAS 
patients. To explore the relationship between renal perfu-
sion and renal function, patients with only unilateral RAS 
may be excellent candidates for study because the contral-
ateral and nonstenotic kidney can be utilized as the com-
parative reference. In this study, we hypothesized that the 
phenomenon of RSP in ARAS is a type of hemodynamic 
response to impaired renal function. We further conducted 
a retrospective study to investigate the relationship 
between RSP and impaired renal function in unilateral 
ARAS.

Materials and Methods
Study Population
From June 2016 to December 2019, 128 inpatients with 
uncontrolled hypertension who underwent renal angiogra-
phy and renal dynamic scintigraphy for suspected ARAS 
at the Chinese National Center of Gerontology were retro-
spectively enrolled in this study. Patients with renal par-
enchymal diseases, dialysis or bilateral ARAS were 
excluded. Uncontrolled hypertension was identified if the 
average SBP was ≥130 mm Hg, or the average DBP was 
≥80 mm Hg, regardless of medication use.10 In total, 
seventy-nine patients (61.7%) were enrolled in the retro-
spective descriptive study. The control group consisted of 
26 consecutive patients with a normal renal artery or 
stenosis in the renal artery with a diameter < 50%. 
According to the status of renal perfusion, all unilateral 
ARAS patients were categorized into the RNP (n=30) and 
RSP (n=23) groups (Figure 1). ARAS was defined as 
a diameter reduction of ≥ 50% by renal angiography and 
had to meet the following two criteria as previously 
described:11 (1) at least one risk factor for atherosclerosis 
(diabetes, hyperlipidemia, age > 40 years old, or long-term 
smoking) and (2) at least two imaging findings for 

atherosclerosis (tapered stenosis or occlusion of the renal 
artery, eccentric stenosis, irregular plaque, calcification, 
primary involvement of the proximal portion or ostium 
of the renal artery, atherosclerosis present in other abdom-
inal vasculature). Based on renal dynamic scintigraphy, 
split renal function (SRF) and total glomerular filtration 
rate (GFR) were evaluated. The difference in split renal 
function (DSRF) was defined as the difference in split 
GFR between the two kidneys. Baseline clinical data 
included age, sex, body mass index (BMI), creatinine 
(Cr), fasting blood glucose (FBG), cholesterol and serum 
low-density lipoprotein cholesterol (LDL-C). Histories of 
disease (hypertension duration, diabetes mellitus, hyperli-
pidemia, coronary heart disease, peripheral artery disease) 
were recorded as comorbid conditions. The category of the 
antihypertensive agent was collected during the process of 
admission.

Classification of Renal Perfusion Based on 
Renal Blush Grade
Selective renal angiography was performed with the solder-
ing technique through the femoral artery or radial artery 
using a 6F JR4 angiographic catheter near the first lumbar 
vertebra body post injection of contrast agent. The angio-
graphy film was recorded at 15 frames/s. Renal blush grade 
(RBG) measurement was adapted from the method 
described by Ehtisham Mahmud et al12 as follows: Grade 
0: no parenchymal blush/contrast opacification of cortical 
vessels or inability of contrast clearance from renal parench-
yma after initial opacification; Grade 1: minimal parenchy-
mal blush/contrast opacification of cortical vessels; Grade 2: 
complete parenchymal blush/contrast opacification of corti-
cal vessels; and Grade 3: hyperemic parenchymal blush/ 
brisk clearance of contrast from cortical vessels. By referring 

Figure 1 Study flow diagram.
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to the criteria for coronary slow flow,13 RSP was defined as 
RBG ≤ 1, and RNP was defined as RBG > 1. Individual 
angiography was evaluated by two cardiologists blinded to 
the results of the renal dynamic scintigraphy (Figure 2).

SPF Measurement by Renal Dynamic 
Scintigraphy
Renal dynamic scintigraphy was performed on hydrated 
patients. Single-photon emission computed tomography 
(SPECT, GE Millennium TM VG5) was employed to com-
plete the test. Diethylenetriamine pentaacetate acid (DTPA) 
was provided by the isotope department of the China Institute 
of Atomic Energy. Tc-99m DTPA (370 MBq) was injected 
into the cubital vein, followed by rapid acquisition in perfu-
sion mode (3 s/frame, total 20 frames). Dynamic images for 
functional assessment were acquired with imaging para-
meters of 256×256 matrix, 30 s/frame and a total 38 frames. 
The region of interest, extrarenal background and outer renal 
margin were drawn manually for correcting renography. 
After the patient’s weight and height were typed into an 
online computer, the SRF and GFR were automatically cal-
culated by the system according to Gate’s algorithm.

Statistical Analysis
Statistical analyses were conducted using SPSS software 
(Version 24.0) (IBM Corp., Armonk, NY). Categorical 
data are presented as counts and percentages, and contin-
uous data are summarized as the mean with standard 
deviation (SD). Student’s t-test and Chi-square test were 
employed to compare group differences for continuous and 
categorical variables, respectively. All P values were two- 
sided, and the significance level was set at < 0.05.

Results
Study Population
Patients with ARAS had higher serum creatinine and lower 
GFR than control subjects (108.8 ± 37.7 μmol/L vs 81.8 ± 
16.4 μmol/L; 49.6 ± 15.8 mL/min vs 62.6 ± 15.1 mL/min; 
P < 0.05), and there was no significant difference between 
the RNP and RSP groups (105.8 ± 39.1 μmol/L vs 112.7 ± 
36.3 μmol/L, P = 0.78; 51.7 ± 16.4 mL/min vs 46.7 ± 
14.9 mL/min, P = 0.48). The levels of FBG among the 
control, RNP and RSP groups were significantly different 
(5.6 ± 1.2 mmol/L vs 6.5 ± 1.7 mmol/L vs 6.9 ± 2.5 mmol/L, 
P < 0.05). The angiographic stenoses in the renal artery for 
the RSP group were more severe than those of the control or 
RNP group (13.5 ± 13.0 vs 72.5 ± 11.5 vs 88.8 ± 9.9, P < 
0.05). No significant differences in age, BMI, smoking, 
long-term hypertension, diabetes, dyslipidemia, peripheral 
artery disease, or other clinical characteristics were observed 
for the three groups. The detailed features of the enrolled 
patients are shown in Table 1.

Renal Slow Perfusion in Impaired SRF
We compared the impaired SRF with contralateral SRF in 53 
unilateral ARAS patients (Figure 3). There were slight differ-
ences in SRF in the RNP group (24.3 ± 10.2 vs 27.5 ± 8.4, P = 
0.19), but the value of impaired SRF was obviously decreased 
compared with that of contralateral SRF in the RSP group 
(13.5 ± 8.6 vs 36.7 ± 16.9, P < 0.001). The impaired SRF of 
the RSP group was significantly lower than that of the RNP 
group (13.5 ± 8.6 vs 24.3 ± 10.2, P < 0.05). In contrast, the 
contralateral SRF in the RSP group was much higher than that 
in the RNP group (36.7 ± 16.9 vs 27.5 ± 8.4, P < 0.05). The 
DSRF in the RSP group was significantly higher than that of 

Figure 2 Example of renal slow/normal perfusion.Images were obtained from renal angiography of 4 subjects in the study. (A) Renal blush grade 0: no contrast opacification 
of cortical vessels, for ostium of the renal artery close to occlusion; (B) Renal blush grade 1: minimal contrast opacification of cortical vessels, for ostium of the renal artery 
with severe stenosis; (C) Renal blush grade 2: complete contrast opacification of cortical vessels from a patient with normal renal artery; (D) Renal blush grade 3: hyperemic 
contrast opacification of cortical vessels when renal hyperperfusion occurred. RSP: RBG 0+1; RNP: RBG 2+3. RSP: Renal Slow Perfusion. RNP: Renal normal perfusion. RBG: 
Renal Blush Grade.
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the control group or RNP group (19.8 ± 11.9 mL/min vs 4.8 ± 
8.1 mL/min, 19.8 ± 11.9 mL/min vs 4.6 ± 3.7 mL/min, P < 
0.001), and there was no significant difference in DSRF 
between the control and RNP groups (4.6 ± 3.7 mL/min vs 
4.8 ± 8.1 mL/min, P = 0.92) (Figure 4).

Discussion
In this study, the major findings included the following: ⑴ 

ARAS can be divided into two categories, normal renal 
perfusion and slow renal perfusion, for evaluating 
restricted blood flow. ⑵ At the time of ARAS diagnosis, 
most patients presented impaired renal function. ⑶ Renal 
slow perfusion, shown by angiography, might be con-
nected to severely impaired renal function.

All seventy-nine study subjects were suspected to have 
ARAS due to uncontrolled hypertension with multiple 
atherosclerosis risk factors, which gave consistent clinical 
characteristics for each group. However, with the elevation 
of serum creatinine and GFR, renal function deteriorated 
significantly in ARAS patients. Clinically, the progression 

of renal impairment in patients with ARAS is chronic and 
usually asymptomatic. In addition to obstruction of the 
renal artery, there are other risk factors that can continu-
ously affect kidney function, such as aging, hypertension, 
and diabetes mellitus. Therefore, at the time of diagnosis 
of ARAS, kidney function had already experienced long- 
term silent damage and was aggravated by renal ischemia. 
There were similar representations in several major rando-
mized controlled trials: the average serum creatinine level 
of each subject was above 140 µmol/l, and the mean eGFR 
was lower than 50 mL/min in the STAR study.2 These 
values were more than 170 µmol/l and less than 42 mL/ 
min, respectively, in ASTRAL research.3 The average 
eGFR of the population was under 60 mL/min in three 
other clinical studies.4,14,15

Although RAS leads to renal dysfunction, the exact 
level of reduced renal perfusion can lead to hemodynamic 
changes. Visual assessment is widely used in diagnosing 
vascular diseases, but it is not accurate alone in evaluating 
the stenotic degree of lesions. There was only 41% to 59% 

Table 1 Patient Characteristics

Control Group (n=26) ARAS (n=53) P value

RNP Group (n=30) RSP Group (n=23)

Sex, male (%) 20 (76.9) 20 (66.7) 15 (65.2) 0.61

Age (years) 67.0 ± 7.4 69.0 ± 8.9 67.9 ± 11.3 0.72
BMI (kg/m2) 28.4 ± 3.8 24.8 ± 2.8 25.0 ± 3.1 0.78

Smoking (%) 10 (38.5) 16 (53.3) 13 (56.5) 0.39

Long-term hypertension (%) 17 (65.4) 20 (66.7) 18 (78.3) 0.56
IGT or DM (%) 10 (38.5) 15 (50.0) 11 (47.8) 0.66

Dyslipidemia (%) 15 (57.7) 16 (53.3) 16 (69.6) 0.48

CHD (%) 15 (57.7) 19 (63.3) 17 (73.9) 0.49
PAD (%) 8 (30.8) 12 (40.0) 10 (43.5) 0.63

SBP (mmHg) 152.6 ± 19.8 152.7 ± 23.4 156.0 ± 19.7 0.83

DBP (mmHg) 79.1 ± 12.7 77.6 ± 15.3 82.9 ± 14.3 0.51
Creatinine (μmol/L) 81.8 ± 16.4 105.8 ± 39.1 112.7 ± 36.3 0.00

FBG (mmol/L) 5.6 ± 1.2 6.5 ± 1.7 6.9 ± 2.5 0.03

Cholesterol (mmol/L) 4.4 ± 0.7 4.4 ± 1.1 4.6 ± 1.1 0.97
LDL-C (mmol/L) 2.5 ± 0.6 2.6 ± 0.8 2.6 ± 1.0 0.84

Proteinuria (%) 3 (11.5) 9 (30.0) 6 (26.1) 0.24

ACEI inhibitor (%) 10 (38.5) 8 (26.7) 6 (26.1) 0.55
ARB (%) 10 (38.5) 6 (20.0) 5 (21.7) 0.24

CCB (%) 16 (61.5) 22 (73.3) 18 (78.3) 0.41

β-Blockers (%) 15 (57.7) 20 (66.7) 19 (82.6) 0.17
Diuretics (%) 5 (19.2) 3 (10.0) 6 (26.1) 0.31

GFR (mL/min) 62.6 ± 15.1 51.7 ± 16.4 46.7 ± 14.9 0.00

Diameter stenosis (%) 13.5 ± 13.0 72.5 ± 11.5 88.8 ± 9.9 0.00

Abbreviations: M, male; BMI, body mass index; long-term hypertension, hypertension duration >10 years; IGT, impaired glucose tolerance; DM, diabetes mellitus; CHD, 
coronary heart disease; PAD, peripheral artery disease; SBP, systolic blood pressure; DBP, diastolic BP; FBG, fasting blood glucose; LDL-C, low-density lipoprotein 
cholesterol; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II type 1 receptor blocker; CCB, calcium channel blocker; GFR, glomerular filtration rate.
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agreement on the severity of the lesion in the left main 
coronary artery,16 and visual assessment tends to overesti-
mate the stenotic severity in coronary lesions.17 It was 
confirmed that angiographic lesions determined by visual 
evaluation could not accurately discriminate hemodynamic 
significance from nonsignificant RAS.18,19 The renal blush 
grade was first proposed in 2008 and used as a quantitative 

index of renal perfusion as a complement to angiographic 
visual assessment.12 Based on the renal blush grade, we 
first present the renal slow perfusion phenomenon. RSP 
indicates insufficient blood supply to the kidney due to 
arterial lumen obstruction in the study.

Renal blood supply is a very complicated process, as the 
total blood volume to the kidney per minute is highest in 
relation to weight.20 Adapted to such an abundant blood 
supply, the regulation mechanism of the kidney’s blood 
flow is powerful. It was confirmed that the kidney’s self- 
regulatory mechanisms can still avoid renal parenchymal 
hypoxia, even if RAS reduces blood flow.21,22 When the 
renal blood perfusion is partially restricted, renal function 
can still remain stable due to compensatory effects. 
Nevertheless, the compensation is insufficient for seriously 
reduced renal blood perfusion, which will result in renal 
dysfunction for cortical hypoxia.23 Like coronary slow flow, 
renal slow perfusion represents a sign of severe kidney hypo-
perfusion. When renal slow perfusion occurs, ischemia may 
be the leading cause of impaired renal function, and SRF will 
be mismatched in unilateral RAS. As a result of decompensa-
tion, the function of the affected kidney deteriorated more 
seriously than the contralateral kidney in the RSP group, but 
the SRF of the paired kidney remained stable for compensa-
tion in the RNP group (Figure 3). In patients with renal slow 
perfusion, the stenotic kidney had a lower SRF for hypofiltra-
tion, while the contralateral (nonstenotic) kidney had a higher 
SRF for compensatory hyperfiltration. Consequently, the dif-
ference in SRF in the renal slow perfusion group increased 
significantly for inconsistent renal perfusion of the paired 
kidney (Figure 4). The inconsistency of split renal function 
in ARAS can be corrected by revascularization.8

Despite the fact that revascularization for ARAS was 
considered overtreatment,24 several clinical studies have 
demonstrated that only appropriate patients would benefit 
from this procedure.25–27 The patients with the serious man-
ifestations would be more likely to benefit from revascular-
ization, the current challenge is to adopt an accurate 
technique for distinguishing the hemodynamic significance 
of ARAS and identify which lesions are suitable for inter-
ventional treatment.28,29 Patients with insufficient perfusion 
are more likely to experience a drop in blood pressure after 
renal artery stenting.12,30 As a marker of renal hypoperfu-
sion, RSP represents deterioration in renal function due to 
hemodynamic lesions in the renal artery. If validated in 
future research, the implementation of RSP may be useful 
for screening appropriate patients for revascularization.

Figure 3 Comparison of split renal function between impaired and contralateral 
kidneys in unilateral ARAS. The value of impaired SRF was obviously decreased 
compared with that of contralateral SRF in the RSP group (13.5 ± 8.6 vs 36.7 ± 16.9, 
P < 0.001). The impaired SRF of the RSP group was significantly lower than that of 
the RNP group (13.5 ± 8.6 vs 24.3 ± 10.2, P < 0.05). In contrast, the contralateral 
SRF was much higher than that in the RNP group (36.7 ± 16.9 vs 27.5 ± 8.4, P < 
0.05), and there were slight differences in SRF in the RNP group (24.3 ± 10.2 vs 27.5 
± 8.4, P = 0.19).

Figure 4 The difference in SRF in the control, RNP and RSP groups. The difference 
in SRF in the RSP group was significantly higher than that of the control group and 
RNP group (19.8 ± 11.9 mL/min vs 4.8 ± 8.1 mL/min, 19.8 ± 11.9 mL/min vs 4.6 ± 
3.7 mL/min, P < 0.001). Between the control group and RNP group, there was no 
significant difference in DSRF (4.6±3.7 vs 4.8±8.1, P = 0.92).
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The present research is limited by the retrospective study 
design in a single center, with a relatively small sample size. 
RBG is a semiquantitative assessment for renal perfusion, 
and no other quantitative assessments were performed 
simultaneously in the study, such as translesional pressure 
gradients or renal fractional flow reserve. Microcirculation 
dysfunction in the kidney is another major factor responsible 
for renal slow perfusion, which is not covered in this study 
and needs to be explored in future studies. Finally, the 
subjects were not followed up, and we did not evaluate the 
long-term effect of RSP on the prognosis of patients.

Conclusion
This retrospective study shows that most patients had renal 
impairment when ARAS was diagnosed; therefore, the 
prevention of atherosclerotic diseases and the control of 
risk factors should be considered the focused treatment. 
RBG can be used as a semiquantitative assessment of renal 
perfusion, and it is more reproducible. Renal slow perfu-
sion is a type of invasive imaging procedure to specify the 
severe reduction in renal flow that can be simply per-
formed in the catheter intervention center. Furthermore, 
the observed phenomenon provides a hint of impaired 
renal function and may help identify clinical cohorts who 
are most likely to benefit from renal revascularization.
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