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Abstract. We aimed to investigate the clinical curative effect 
of percutaneous renal artery stent implantation (PTRAS) in 
the treatment of atherosclerotic renal artery stenosis (ARAS), 
and to analyze the factors influencing the curative effect of 
PTRAS. A total of 230 patients with unilateral or bilateral renal 
artery stenosis were retrospectively analyzed. According to 
whether adverse cardiogenic or nephrogenic events occurred, 
230 patients were divided into two groups to analyze the risk 
factors of adverse cardiogenic or nephrogenic events. The 
blood pressure of patients at each time‑point after operation 
was decreased significantly compared with that before opera-
tion (P<0.01). The levels of serum creatinine (SCr) at 24 h and 
36 months after PTRAS were slightly increased compared 
with that before operation (P>0.05). The estimated glomerular 
filtration rate (eGFR) at each time‑point after operation was 
slightly decreased compared with that before operation, but 
the difference was not statistically significant (P>0.05). 
Renography showed that GFR on the side of stent implanta-
tion at 36 months after PTRAS had no significant change 
compared with that before operation (P>0.05), but GFR on the 
unaffected side without receiving PTRAS was significantly 
increased compared with that before operation (P=0.0014). 
During the 36‑month follow‑up, there were a total of 56 cases 
of adverse cardiogenic or nephrogenic events. Multivariate 
regression analysis results showed that adverse cardiogenic or 
nephrogenic events after PTRAS were obviously associated 
with age (≥65 years old), Charlson comorbidity index (CCI) 
score (≥2 points), diabetes mellitus, stroke and congestive heart 

failure (CHF) (P<0.05). In conclusion, PTRAS can effectively 
control the blood pressure and reduce the types of antihy-
pertensive drugs used by patients with ARAS, but it has no 
definitely protective effect on renal function. Age (≥65 years 
old), CCI score (≥2 points), diabetes mellitus, stroke and CHF 
are risk factors leading to adverse cardiogenic or nephrogenic 
events after PTRAS.

Introduction

With the changes in dietary structure and population aging 
in China, atherosclerosis has become the most common cause 
of renal artery stenosis. It is estimated that atherosclerosis 
accounts for about 70% in all causes of renal artery stenosis 
in China, and 90% in Europe and America (1,2). Studies have 
shown that the advanced age, hypertension, hyperlipidemia, 
diabetes mellitus, renal insufficiency and peripheral vascular 
disease are high‑risk factors of atherosclerotic renal artery 
stenosis (ARAS), and ARAS has a relatively high prevalence 
rate in cardiovascular diseases (3‑8). ARAS causes a decrease 
in renal blood flow, which activates the renin‑angiotensin 
system, leading to elevated blood pressure, whereas progres-
sive lumen stenosis may lead to renal ischemia, causing 
progressive renal parenchymal damage, decreased renal func-
tion and ultimately leading to renal failure (9,10).

Percutaneous renal artery stent implantation (PTRAS) can 
relieve the renal artery stenosis, restore the renal blood flow, block 
the activation of renin‑angiotensin‑aldosterone system (RAAS), 
treat the renal artery stenosis hypertension  (RASH), and 
retard the progression of nephropathy and renal insufficiency. 
Numerous studies have shown that PTRAS can be used in the 
treatment of ARAS‑induced hypertension, improving the renal 
function of patients with ARAS. Therefore, PTRAS has been 
used by many clinicians in clinical practice (11‑13). However, in 
many clinical randomized controlled trials evaluating the cura-
tive effects of simple drug therapy and intervention combined 
with drug therapy on ARAS in recent years, there are no signifi-
cant benefits for ARAS patients in the improvement of renal 
function, adverse cardiovascular events and long‑term survival 
rate after revascularization, and patients also need to bear the 
relevant surgical risk, so whether PTRAS can benefit ARAS 
patients clinically is still controversial (14‑17).
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In this study, the curative effect of PTRAS on 230 patients 
with ARAS and the factors influencing the prognosis of 
PTRAS were retrospectively analyzed, so as to provide a refer-
ence for selecting the therapeutic scheme of patients with renal 
artery stenosis.

Patients and methods

Research subjects. Patients receiving renal arteriography in 
the Cardiovascular Intervention Center of the Catheterization 
Room, Department of Cardiology of Taizhou Hospital 
of Traditional Chinese Medicine  (Taizhou, China) from 
January 2010 to September 2014 were enrolled. They were 
diagnosed with ARAS via renal arteriography combined with 
clinical data according to the International Classification of 
Disease, Ninth Revision, Clinical Modification (ICD‑9‑CM), 
and received renal arterial stent implantation. Patients were 
followed up to detect the general conditions, blood pressure, 
types of antihypertensive drugs used, serum creatinine (SCr), 
renogram, and adverse cardiogenic and nephrogenic events; 
230  patients with complete data were followed up for 
36 months. This study was approved by the Ethics Committee 
of Taizhou Hospital of Traditional Chinese Medicine (Taizhou, 
China). Signed written informed consents were obtained from 
the patients and/or guardians.

Inclusion and exclusion criteria. Noninvasive and invasive 
examinations were initially performed to confirm that renal 
artery stenosis had hemodynamic significance. Renal artery 
stenosis diameter ≥70% usually indicates the hemodynamic 
significance, and the physiological significance of mild stenosis 
depends on the resistance of peripheral renal vessels or renal 
autoregulation system conditions. In order to accurately deter-
mine the degree of stenosis in patients with critical stenosis 
(renal artery stenosis, 50‑70%), the trans‑lesion pressure 
gradient can be measured; the peak systolic pressure differ-
ence >10% or the mean pressure difference >5% indicates the 
hemodynamic significance, which can be used as an indication 
of interventional therapy.

Inclusion criteria  (18,19): Renal artery stenosis patients 
with hemodynamic significance who had the following clinical 
manifestations and definite indications for percutaneous renal 
angioplasty may benefit from the intervention treatment: 
hypertension in patients aged <30  years old or late‑onset 
hypertension in patients aged >60 years old; hypertension 
remains uncontrollable after combined application of at least 
three different types of antihypertensive drugs (one of which 
is diuretics); abnormal changes in blood pressure, including 
malignant, refractory or resistant hypertension (malignant 
hypertension refers to hypertension complicated by acute target 
organ damage, such as acute renal failure, acute decompensated 
heart failure, hypopsia, and progression into grades Ⅲ and Ⅳ 
retinopathy); inability to tolerate antihypertensive drugs; recent 
azotemia or further deterioration of renal function after taking 
angiotensin‑converting enzyme inhibitors (ACEI) or adrenergic 
receptor‑binding (ARB) antihypertensive drugs; renal atrophy 
or different sizes in both kidneys (with a difference of >1.5 cm); 
patients with unexplained deterioration of renal function; cardiac 
disorder syndrome: recurrent transient pulmonary edema and 
unstable angina secondary to left ventricular dysfunction.

Exclusion criteria: elderly patients with weak constitution; 
patients whose disease was difficult to be controlled; patients 
who could not tolerate the interventional surgery; patients who 
were in the active stage of arterial inflammation; patients with 
the long diameter of renal atrophy <7 cm or intrarenal arterial 
resistance index >0.8; patients with a serious allergic history of 
contrast agent or cholesterol embolism; patients receiving renal 
artery anatomy thus not suitable for interventional therapy or 
interventional therapy affected by subsequent treatments.

Preoperative preparation. After admission, patients were 
asked about their medical history and received physical exami-
nations, blood routine examination, biochemistry, coagulation, 
echocardiography, renal color ultrasound and renal imaging 
before operation to clear the condition of disease. Patients and 
their families were informed of the purpose, methods and risks 
of operation, and signed the informed consent. The meridian 
approach was established, antihypertensive and anti‑platelet 
drugs were used routinely, and water and electrolyte balance 
was maintained. At 1 day before operation and on the day of 
operation, patients took orally 300 mg aspirin and 300 mg 
clopidogrel hydrogen sulfate, and 1 ml/min normal saline was 
given for hydration at 24 h before operation.

Renal artery stent implantation method. The femoral or radial 
artery was punctured to send the catheter to the renal artery 
lesions for arteriography, and then the degree of lesion (lumen 
diameter and lesion length) was assessed. The guide wire was 
pushed through the lesion vessel, and the balloon was sent to the 
lesion along the guide wire and expanded. The stent was sent 
along the guide wire to the renal vascular stenosis, followed by 
positioning, dilation of the balloon and release of the stent, so 
that the stent was fully adherent to the vessel. Arteriography 
was performed again to observe the effect of stent implanta-
tion. If there was no residual stenosis, thrombosis, vascular tear, 
vascular dissection and other complications, the guide catheter 
could be withdrawn under the guidance of guide wire. After 
the hemostasis of arterial puncture site by compression, the 
operation was finished. Postoperative residual stenosis <30% 
indicated the successful operation, and stent diameter ≥50% 
indicated the in‑stent restenosis.

Postoperative management. Electrocardiogram and blood 
pressure continued to be monitored, and 1 ml/min normal 
saline was given for hydration. Vasopressor was withdrawn 
after operation for 24 h, and the changes in the blood pressure 
of patients were observed. Patients took 75 mg/day clopidogrel 
hydrogen sulfate orally for at least 3 months, and 100 mg/day 
aspirin orally for at least 36 months. The blood lipid and blood 
pressure management was also provided every month.

Observation indexes. Patients enrolled were followed up for 
36 months after operation, and the following indexes were 
collected. The peripheral arterial pressure in left upper limb 
of patients was measured under a quiet state before and after 
renal artery stent implantation 3  times, and the averages 
were taken. The changes in the types of antihypertensive 
drugs used by the patients were recorded. SCr and renogram 
results of patients were monitored and recorded before and 
after renal artery stent implantation. Estimated glomerular 
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filtration rate  (eGFR) was calculated: in males eGFR 
(ml/min/1.73 m2) = [175 x SCr (mg/dl) ‑ 1.234 x age (years 
old) ‑ 0.179]; in females eGFR (ml/min/1.73 m2) = [175 x SCr 
(mg/dl) ‑ 1.234 x age (years old) ‑ 0.179] x 0.79. Hypertension, 
diabetes mellitus, hyperlipemia, stroke and other complica-
tions in patients were recorded, and Charlson comorbidity 
index (CCI) (20) was scored for patients, and the comorbidities 
considered included diabetes mellitus, hyperlipemia, stroke, 
smoking history, and congestive heart failure (CHF). Whether 
adverse cardiogenic and nephrogenic events occurred 
within 36 months after renal artery stent implantation was 
detected (17), including death, myocardial infarction, stroke, 
hospitalization due to CHF, deterioration of renal function 
(excluding other reasons, decrease of eGFR by ≥30% over the 
initial value for ≥60 days), and permanent replacement therapy 
of renal function required.

Analyses of risk factors of adverse cardiogenic and nephro-
genic events. Patients were divided into adverse event group 
and control group according to whether adverse cardiogenic 
and nephrogenic events occurred in patients. Multivariate 
regression analyses were performed with relevant factors of 
adverse events (including age, sex, smoking history, stroke, 
diabetes mellitus, hyperlipemia, congestive heart failure and 
CCI score) as variables.

Statistical analysis. Statistical Product and Service Solutions 
(SPSS) 19.0 software (IBM Corp., Armonk, NY, USA) was used 
for the analysis. Chi‑square test was used for the comparison 
of OR values and t‑test for the comparison of SCr and eGFR. 
Data are presented as mean ± standard deviation to evaluate 
the curative effect of PTRAS. Logistic regression analyses 
were used to analyze the risk factors related to adverse cardio-
genic and nephrogenic events after PTRAS. P<0.05 suggested 
that the difference was statistically significant.

Results

Baseline data of patients. Among a total of 230 cases enrolled, 
there were 128 males and 102 females aged 63.5±14.1 years old 
with a course of hypertension of 15.3±11.8 years. Preprocedure, 
2.8±1.2 types of antihypertensive drugs were used, and there 
were 123 cases with a smoking history, 143 cases of hyperli-
pemia, 183 cases of coronary heart disease, 78 cases of diabetes 
mellitus, and 36 cases of stroke. A total of 286 stenotic renal 
arteries were treated, among which 56 cases received bilateral 
renal artery stent implantation, and 174 cases received unilat-
eral renal artery stent implantation. The success rate of renal 
artery stent implantation was 100%, and no serious complica-
tions related to operation occurred (Table I).

Changes in blood pressure before and after PTRAS. Before 
operation, the mean systolic blood pressure of patients was 
158.7±20.5 mmHg, and the mean diastolic blood pressure was 
92.6±10.1 mmHg. At 24 h after operation, the mean systolic 
blood pressure of patients was decreased to 131.4±13.8 mmHg, 
and the mean diastolic blood pressure was decreased to 
71.7±8.5  mmHg. At 36  months after operation, the mean 
systolic blood pressure was 135.2±10.4 mmHg, and the mean 
diastolic blood pressure was 72.7±7.9 mmHg (P<0.01). The 

blood pressure of patients at each time‑point after operation 
was significantly decreased compared with that before opera-
tion (P<0.05). The number of types of antihypertensive drugs 
used was decreased from 2.8±1.2 before operation to 2.0±0.9 
36 months after operation (P<0.01) (Table Ⅱ).

Changes in renal functions before and after PTRAS. SCr was 
increased in 123 cases (53.5%) and decreased in 107 cases 
(46.5%). The levels of SCr at 24  h (140.5±60.1  µmol/l) 
and at 36 months (133.2±55.6 µmol/l) after PTRAS were 
slightly increased compared with that before operation 
(130.3±51.4 µmol/l), and there were no statistically signifi-
cant differences (P>0.05). eGFR at each time‑point after 
operation was slightly decreased compared with that before 
operation, but the difference was not statistically significant 
(P>0.05) (Table Ⅲ). A total of 90 patients underwent renog-
raphy at 1 year before and after operation to evaluate the renal 
functions. A total of 90 cases of renal artery stenosis (>70%) 
were treated with stent implantation, including 54 cases of 
unilateral renal artery stenosis and 36 cases of bilateral renal 
artery stenosis. GFR on the side of receiving PTRAS had 
no significant change compared with that before operation 
(P>0.05), but GFR on the unaffected side without receiving 
PTRAS was significantly increased compared with that before 
operation (P=0.0014) (Fig. 1).

Analyses of risk factors of adverse cardiogenic or nephro-
genic events after PTRAS. During the follow‑up period, there 
were a total of 56 cases of adverse cardiogenic or nephrogenic 
events (24.3%), including 5 cases of all‑cause death, 10 cases 
of myocardial infarction, 5  cases of stroke, 10  cases of 
hospitalization due to heart failure, 23 cases of deterioration 
of renal function, and 3 cases of permanent dialysis treat-
ment  (Table Ⅳ). Patients were divided into adverse event 
group and control group according to whether adverse cardio-
genic and nephrogenic events occurred during the follow‑up. 

Table I. Baseline characteristics of ARAS patients.

Parameters	 Patients

Sex
  Male, n (%)	 128 (55.7)
  Female, n (%)	 102 (44.3)
Age (years)	 63.5±14.1
Systolic pressure (mmHg)	 158.7±20.5
Diastolic pressure (mmHg)	 92.6±10.1
Number of antihypertensive medications	 2.8±1.2
SCr (µmol/l)	 130.3±51.4
Smoking history, n (%)	 123 (53.5)
Hyperlipidemia, n (%)	 143 (62.2)
Coronary heart disease, n (%)	 183 (79.6)
Diabetes mellitus, n (%)	 78 (33.9)
Stroke, n (%)	 36 (15.7)

ARAS, atherosclerotic renal artery stenosis; SCr, serum creatinine.
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Multivariate regression analyses of adverse cardiogenic or 
nephrogenic events after PTRAS showed that the occurrence 
of adverse events was obviously associated with advanced 
age (≥65 years old), higher CCI score (≥2 points), diabetes 
mellitus, stroke and CHF (P<0.05) (Table V).

Discussion

With the development of interventional therapy, renal artery 
stent implantation has become one of the main methods for the 
treatment of ARAS. PTRAS can restore the renal blood supply, 
block the damage of ischemia to the kidney and improve the 

renal function (21). Improvement in blood pressure control, 
promotion of cardiac function and renal blood supply are favor-
able factors for the prognosis of patients. The results of this 
study showed that PTRAS could effectively control the blood 
pressure, and block the progressive deterioration of renal func-
tion of patients, but it did not significantly improve the renal 
function of patients. Large‑scale multi‑center randomized 
controlled clinical trials have shown that the effect of renal 
artery intervention on the body is mainly manifested in blood 
pressure, and it has no significant effects on the protection of 
renal function and mortality rate (15,17), which are similar to 
the results in this study. There may be several following reasons 
for this outcome brought by interventional therapy: i) in the 
absence of distal protection, interventional procedure may 
cause micro‑thrombosis, cholesterol crystal embolism and 
contrast agent‑induced renal damage, lead to impaired renal 
function and offset the benefit from interventional therapy; 
ii)  renal artery stenosis is a long‑term slow‑onset lesion 
accompanied by long‑term renal ischemia during the course, 
which can lead to irreversible changes, such as renal fibrosis 
and glomerular sclerosis; and iii) after interventional therapy, 
stenotic arterial blood flow is improved, and the renal perfusion 
pressure is increased; the high pressure and high perfusion can 
further accelerate the renal parenchymal damage. In this study, 
patients were followed up for 36 months, and the incidence 
rate of adverse cardiogenic or nephrogenic events was 24.3%, 

Figure 1. Comparison of GFR examined by ECT before and after PTRAS. 
There was no significant difference in the GFR of kidney on the side of 
implantation (PTRAS) before and after surgery (P>0.05), whereas the GFR 
of the kidney that did not receive PTRAS was significantly increased after 
surgery (*P=0.0014). GFR, glomerular filtration rate; PTRAS, percutaneous 
renal artery stent implantation.

Table III. Comparison of renal function before and after 
PTRAS.

Time	 SCr (µmol/l)	 eGFR (ml/min/1.73 m2)

Preprocedure	 130.3±51.4	 70.1±17.7
Postprocedure
  24 h	 140.5±60.1	 67.3±15.2
  12 months	 139.8±55.7	 68.4±17.5
  24 months	 136.1±52.4	 69.3±18.9
  36 months	 133.2±55.6	 68.8±19.1

PTRAS, percutaneous renal artery stent implantation; SCr, serum 
creatinine; eGFR, estimated glomerular filtration rate.

Table IV. The occurrence of cardiovascular or renal adverse 
events after PTRAS.

Cardiovascular or renal adverse events	 Patients, n (%)

All-cause deaths	 5 (8.9)
Myocardial infarction	 10 (17.9)
Stroke	 5 (8.9)
Heart failure	 10 (17.9)
Deterioration of renal function	 23 (41.1)
Permanent dialysis treatment	 3 (5.4)

PTRAS, percutaneous renal artery stent implantation.

Table II. Comparison of blood pressure before and after PTRAS.

Time	 Systolic pressure (mmHg)	 Diastolic pressure (mmHg)	 No. of antihypertensive medications

Preprocedure	 158.7±20.5	 92.6±10.1	 2.8±1.2
Postprocedure
  24 h	 131.4±13.8	 71.7±8.5	 2.1±1.1
  12 months	 132.3±14.4	 72.9±8.7	 2.2±1.0
  24 months	 133.9±12.6	 74.5±8.8	 2.1±1.2
  36 months	 135.2±10.4	 72.7±7.9	 2.0±0.9

PTRAS, percutaneous renal artery stent implantation.
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which was lower than that in CORAL stent treatment group 
(35.1%) (17). In addition, ARAS patients received renography 
in this study and results showed that GFR on the unaffected 
side, namely the kidney without receiving PTRAS, of patients 
with unilateral ARAS after PTRAS has no significant change, 
but GFR on the side receiving stent implantation was increased 
compared with that before PTRAS, which can be explained 
by the disappearance of a compensatory mechanism, but such 
reasons as progression of atherosclerosis or other accompa-
nying diseases are not excluded.

Studies have shown that ARAS is often complicated with 
other atherosclerotic diseases, such as coronary heart disease, 
CHF and stroke, and these diseases jointly promote the progres-
sion of atherosclerosis  (22,23). In this study, multivariate 
regression analyses of adverse cardiogenic and nephrogenic 
events after PTRAS showed that the CCI score (≥2 points), 
advanced age (≥65 years old), diabetes mellitus, stroke and 
CHF are risk factors related to adverse cardiogenic and neph-
rogenic events in ARAS patients after PTRAS. Elderly patients 
with ARAS suffer from systemic function degradation, so its 
predictive value in adverse events after PTRAS is not unique. 
Among the various risk factors, CCI score ≥4 points has the 
highest predictive value. In addition to correcting the renal 
artery stenosis, the optimal treatment of hypertension, diabetes 
mellitus, cerebrovascular diseases and other accompanying 
diseases can really improve the prognosis of patients; before 
the therapeutic regimen is developed for ARAS patients, the 
comorbidity of patients must be taken into full account, and the 
individualized therapeutic regimen should be developed (24‑26).

A limitation for the current study is that this was a 
single‑center retrospective analysis with limited number of 
patients enrolled, thus leading to a certain bias in the results. 

In the future, the experimental design can be improved, the 
sample size can be expanded, and randomized controlled 
clinical trials can be performed, increasing the reliability of 
results.

In conclusion, PTRAS can effectively control the blood 
pressure, reduce the types of antihypertensive drugs used and 
prevent the deterioration of renal function of patients with 
ARAS, but it cannot improve the renal function of patients 
obviously. Age (≥65 years old), CCI score (≥2 points), diabetes 
mellitus, stroke and CHF are risk factors leading to adverse 
cardiogenic or nephrogenic events after PTRAS.
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