
Predictors of major adverse events after stent 
implantation for atherosclerotic renal artery stenosis 
 
Fatih Koca , Ömer Furkan Demir  
 
Department of Cardiology, Bursa Yüksek Ihtisas Training and Research Hospital, Bursa, Türkiye 
 
 
ABSTRACT 
Objectives: Atherosclerotic renal artery stenosis (ARAS) is the most frequently seen cause of secondary hy-
pertension (HT). ARAS associated with adverse cardiovascular events independently of other traditional car-
diovascular risk factors, and increased mortality. Percutaneous transluminal renal arterial stenting (PTRS) is 
important methods in ARAS treatment. The aim of this study was to investigate major adverse events (MAE) 
and potential predictors in patients undergoing PTRS for ARAS by evaluating variables before and immediately 
after the procedure, including the SYNTAX score.  
Methods: One hundred and five consecutive patients who underwent PTRS over a period of approximately 
10 years were included in our study. Patients were divided into two groups, MAE negative (-) and MAE positive 
(+), according to the occurrence of MAE. After comparing both groups with difference tests, independent pre-
dictors were investigated with univariate and multivariate Cox regression analysis. Afterwards, Receiver Op-
erating Characteristics (ROC) analysis was performed on independent predictors.  
Results: The average age of the patients was 63.32±11.62 years (range: 30-83 years) and 52 (49.5%) of them 
were male. Sixty-two patients constituted the MAE (-) and 43 the MAE (+) groups. In multivariate Cox re-
gression analysis, chronic obstructive pulmonary disease (COPD), left ventricular ejection fraction (LVEF), 
and the total number of antihypertensives after the procedure were identified as independent predictors. As a 
result of the ROC analysis, a cutoff value of ≤55% for LVEF was determined to have area under the curve 
(AUC) 0.733, 69.8% sensitivity, and 77.42% specificity (P<0.001). The use of more than 3 antihypertensive 
drugs after the procedure was found to have AUC 0.624, 34.88% sensitivity, and 82.26% specificity (P=0.023).  
Conclusions: LVEF, COPD, and the postprocedural total number of antihypertensives were independent pre-
dictors for MAE seen after PTRS in ARAS patients. These predictors can be used to estimate the risk in these 
patients. To be able to prevent adverse events, it is important that patients with these markers are treated and 
followed up more closely.  
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 A therosclerotic renal artery stenosis (ARAS) is 

the most frequently seen cause of secondary 
hypertension (HT), and is responsible for ap-

proximately 90% of all renal artery stenosis (RAS) 

cases [1, 2]. RAS can result in adverse events such as 
resistant HT, progressive impairments in renal func-
tions and cardiac destabilisation syndromes [3, 4]. 
ARAS has also been associated with adverse cardio-
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vascular events independently of other traditional car-
diovascular risk factors, and increased mortality [5].  
      Percutaneous transluminal renal arterial angio-
plasty and stent procedures (PTRA and PTRS) are im-
portant methods in ARAS treatment [6]. Various 
studies have been conducted of the clinical outcomes 
of patients who have undergone PTRS procedure for 
ARAS [7, 8]. In studies that have been conducted to 
investigate predictors of adverse events and mortality 
in patients with ARAS, different variables have been 
investigated in different cohorts, and naturally differ-
ent results have been reported. This has led to a state 
of uncertainty. In a previous study of patients present-
ing with myocardial infarction (MI) with ST-elevation, 
a correlation was determined between the SYNTAX 
(Synergy Between Percutaneus Coronary Intervention 
with Taxus and Cardiac Surgery) score and RAS [9]. 
However, the potential relationship between coronary 
artery disease (CAD) complexity evaluated with the 
SYNTAX score, and long-term adverse events after 

PTRS procedure is unknown.  
      The aim of this study was to investigate major ad-
verse events and potential predictors in patients under-
going PTRS for ARAS by evaluating variables before 
and immediately after the procedure, including the 
SYNTAX score. It was thus aimed to contribute to the 
literature by determining high-risk patients in this pa-
tient group. 
 
 
METHODS 
 
Study Design and Population 
Approval for the study was granted by the Local 
Ethics Committee. This was a retrospective study con-
ducted at a single high-volume center. The study pop-
ulation was defined as patients who underwent a 
PTRS procedure between 1 January 2014 and 1 June 
2024. The data required were obtained from the elec-
tronic hospital information system, archived records, 
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telephone or face-to-face interviews with patients and 
their relatives, the national health system, and the 
death notification system records. From the initial in-
clusion of 117 consecutive patients who underwent 
PTRS, following the implementation of exclusion cri-
teria, 105 patients were included in the study for analy-
sis (Fig. 1. Study flow chart). The study inclusion 
criteria were defined as age >18 years, and having un-
dergone PTRS because of resistant HT, reduced renal 
function, or “flash” pulmonary oedema, associated 
with ARAS.  
      The study exclusion criteria were defined as: (i) 
PTRS performed for a RAS reason other than ARAS, 
(ii) PTRS performed following renal transplant, (iii) 
total renal artery occlusion, (iv) incomplete or unreli-
able data for the pre-procedure and follow-up periods, 
(v) kidney diameter <7 cm, target renal artery diameter 
<4 mm, (vi) estimated glomerular filtration rate 
(eGFR) <10 mL/min/1.73m2, (vii) previous target ves-
sel revascularisation (TVR), and (viii) receiving 
chronic renal replacement therapy.  
 
First Evaluation and Laboratory Analysis 
      Before the procedure, all the patients underwent 
detailed evaluations including anamnesis and physical 
examination, then fasting blood tests were performed 
for the necessary laboratory analyses. HT was defined 
as systolic blood presssure >140 mmHg and diastolic 
blood pressure >90 mmHg. Patients with high blood 
pressure measurements recorded despite the use of at 
least 3 anti-hypertensives, including one diuretic, were 
accepted as resistant HT patients. On discharge after 
the procedure, full cure was accepted as blood pres-
sure <140/90 mmHg without medication, and the pro-
cedure was accepted as beneficial when there was 
blood pressure <140/90 mmHg with a decrease or no 
change in the number of drugs, or a decrease in dias-
tolic pressure of ≥15 mmHg [10]. 
      Patients who were already receiving statin treat-
ment or had non-HDL cholesterol level >130 mg/dL 
were accepted as hyperlipidemia. The demographic 
and clinical data, and basal laboratory findings were 
recorded for all the patients. The eGFR in this study 
was calculated from the equation of Modification of 
the Diet in Renal Disease (MDRD) [11]. The diagnosis 
of contrast nephropathy (CN) was defined as an in-
crease of over 0.5 mg/dL or 25% in the creatinine 
value within 48-72 hours after contrast exposure [12]. 

The antihypertensive drugs used by patients before 
and after the procedure were recorded. 
 
Transthoracic Echocardiography and Electrocar-
diography 
      Before the procedure, two-dimensional (2D) 
transthoracic echocardiography (TTE) was performed 
on all patients by cardiologists who were experienced 
in the field of echocardiography and blinded to the pa-
tient data. The left ventricle ejection fraction (LVEF) 
and other parameters examined on the 2D echocardio-
graphy device (Epiq 7c Ultrasound System, Philips, 
Andover, MA, USA) before the procedure were 
recorded. The findings were evaluated according to 
the recommendations in the American Society of 
Echocardiography (ASE) guidelines [13]. All the 
echocardiographic data used in this study were 
recorded during the scanning by cardiologists blinded 
to the patient data.  
      Before the procedure, 12-derivation electrocardio-
grams (ECG) at 25mm/sec speed and 10mm/mV were 
obtained from all the patients. The Socolow-Lyon 
Index (V1S+V5/V6 longest R wave> 35 mm) was 
used as the criteria for left ventricle hypertrophy [14]. 
 
Interventional Angiography and Renal Stent Pro-
cedure 
      The final decision for PTRS was made without ex-
ception by evaluating the invasive coronary angiogra-
phy and renal angiography as they are often used 
together for the definitive diagnosis of ARAS patients 
who have initially been diagnosed using other imaging 
methods (renal duplex ultrasonography, computed to-
mography, magnetic resonance imaging angiography). 
Patients who had previously experienced acute coro-
nary syndrome were accepted as previous MI. The 
Syntax scores of the patients were obtained by two ex-
perienced invasive cardiologists, blinded to the clinical 
characteristics of the patients, using a web-based on-
line calculator (www.syntaxscore.com, versiyon 2.1). 
      The PTRS decision was made by at least two ex-
perienced interventional cardiologists with the detec-
tion of ≥70% unilateral or bilateral ARAS as a result 
of visual and quantitative angiographic evaluation. Pa-
tients were administered 100 mg acetyl saliycylic acid 
(ASA) and 300 mg clopidogrel on the day before the 
procedure, or 300 mg ASA and 600 mg clopidogrel 
loading on the day of the procedure. Dual antiplatelet 
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therapy has been recommended for at least 6 months 
and ASA indefinitely. The procedure was performed 
by an experienced interventional cardiologist via the 
femoral arteries in almost all cases, and in a very small 
proportion via the left radial artery. Heparin at a dose 
of 5000-10000 IU bolus was administered to the pa-
tients before the procedure. PTRS was performed 
using standard techniques.  
      After the placement of a suitable guide catheter to 
the renal artery, the lesion has passed with 0.014 or 
0.018 guidewires. Then, if necessary, first PTRA was 
performed, then a self-expanding, bare metal renal 
stent was implanted with a balloon of diameter and 
length appropriate to the lesion. When PTRA was not 
required, the renal stent was applied directly. If there 
was seen to be a geographical mismatch or dissection 
on the images obtained after the procedure, a second 
renal stent was implanted. In patients with bilateral 
ARAS, the procedure was performed on the other 
renal artery in the same session. The procedure was 
accepted as technically successful if there was <20% 
residual narrowing remaining after the intervention. 
All the patients were followed up under the best per-
sonalised medical treatment. 
 
Major Adverse Events 
      The patients were hospitalised for at least 48 hours 
after the procedure then followed up in the polyclinic 
at regular intervals. Major adverse events (MAE) dur-
ing the follow-up period were defined as all-cause 
mortality, acute coronary syndrome, stroke, hospitali-
sation because of heart failure, the requirement for 
renal replacement therapy or permanent renal replace-
ment therapy, renal transplant treatments because of 
progressive renal dysfunction, and target vessel revas-
cularisation (TVR). The total follow-up period and the 
time to the development of MAE were recorded. 
 
Statistical Analysis  
      All the analyses of the study data were performed 
using MedCalc 20.0.4 software (MedCalc Software 
Ltd, Ostend, Belgium). The patients were separated 
into two groups as those who developed and did not 
develop MAE, and these groups were compared. Con-
formity of continuous variables to normal distribution 
was assessed with the Kolmogorov-Smirnov test. De-
scriptive statistics were stated as mean±standard de-
viation (SD) values for data showing normal 

distribution and as median (25th-75th percentile) values 
for those not showing normal distribution. Categorical 
variables were stated as number (n) and percentage 
(%). The two groups (MAE positive and negative) 
were then compared using the Independent Samples 
t-test for normally distributed continuous variables, 
and the Mann Whitney U-test when distribution was 
not normal. In the comparisons of categorical vari-
ables, the Chi-square test or Fisher Exact test was 
used, as appropriate. For the variables found to be sig-
nificant in the difference tests, univariate Cox regres-
sion analysis was performed. Then, variables with 
significant p values in the univariate analysis were in-
cluded in the multivariate analysis. Receiver Operat-
ing Characteristics (ROC) analyzes were performed 
on continuous variables for independent predictors 
identified in multivariate Cox regression analysis. A 
value of P<0.05 was accepted as statistically signifi-
cant in all the statistical analyses.  
 
 
RESULTS 
 
Evaluation was made of 105 patients comprising 52 
(49.5%) males and 53 (50.5%) females with a mean 
age of 63.32±11.62 years (range: 30-83 years). MAE 
developed in 43 (41%) patients (MAE + group) and 
did not develop in 62 (59%) (MAE - group). The pro-
cedure was performed because of resistant HT in 98 
(93.3%) patients, decreasing renal functions in 4 
(3.8%), and recurrent “flash” pulmonary oedema in 3 
(2.9%). 
      The demographic characteristics of the patients, 
blood pressure values before the procedure, and drugs 
used are shown in Table 1. 
      The total follow-up period was mean 39 months 
(range: 22-72 months) and the mean time to the devel-
opment of MAE was 35 months (range:13-56.5 
months). Of the 43 events that occurred in the MAE + 
group, 29 were all-cause mortality. The other 14 MAE 
were 6 (13.9%) acute coronary syndrome, 4 (9.3%) 
stroke, 2 (4.6%) patients started hemodialysis, 1 
(2.3%) had renal artery stent thrombosis, and 1 (2.3%) 
TVR because of renal artery in-stent restenosis. When 
the causes of death were examined, the causes of the 
29 deaths were determined to be multiple organ failure 
developing due to chronic renal failure in 8 (27.5%) 
cases, acute coronary syndrome in 5 (17%), COVID-
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19 infection in 5 (17%), stroke in 3 (10%), major 
bleeding developing after the procedure in 1 (3.4%), 
acute kidney failure developing after the procedure in 
1 (3.4%), abdominal aorta rupture in 1 (3.4%), pul-
monary emboli in 1 (3.4%), intracranial hemorrhage 
in 1 (3.4%), chronic obstructive pulmonary disease 
(COPD) in 1 (3.4%), lung cancer in 1 (3.4%), and sep-
tic shock due to bacterial infection in 1 (3.4%). Of 
these 29 deaths, mortality was due to cardiovascular 

reasons in 12 (41.3%).  
      As 2 of the whole patient group were lost due to 
complications developing after the procedure, the 
mortality rate associated with the procedure was ac-
cepted as 1.9%. One-month mortality was seen in 3 
(2.8%) patients, 6-month mortality in 5 (4.7%), 1-year 
mortality in 7 (6.6%), and mortality throughout the 
mean follow-up period (median 39 months) in 29 
(27.6%).  
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      The laboratory, TTE and ECG parameters of the 
patients are shown in Table 2, and the procedural and 
the post-procedural variables are shown in Table 3. 
The PTRS procedure was performed via the left radial 
artery in 2 (1.9%) patients. With the exception of 2 pa-
tients where >20% residual narrowness remained be-
cause of calcific renal arteries; the procedure was 
accepted as technically successful with a technical 
success rate of 98%. After the procedure, contrast 
nephropathy developed in 14 (13.3%) patients, which 
was treated with intravenous hydration, pseudoa-
neurysm in the femoral artery developed in 3 (2.9%), 
and femoral hematoma developed in 6 (5.7%), which 
recovered with medical treatment and rest. PTRS was 
determined to be beneficial in respect of blood pres-
sure treatment in 81 (77.1%) patients. 
      Variables accepted as statistically significant as a 

result of the comparisons of the two groups were ap-
plied first with univariate then multivariate Cox re-
gression analysis. The data of the Cox regression 
analyses are presented in Table 4.  
      In the Cox multivariate regression analysis, the 
LVEF, COPD, and number of antihypertensive drugs 
used after the procedure were determined to be inde-
pendent predictors for MAE. ROC analysis was per-
formed on the continuous variables of LVEF, and 
number of antihypertensive drugs after the procedure 
(Fig. 2). As a result of the ROC analysis, a cutoff value 
of ≤55% for LVEF was determined to have area under 
the curve (AUC) 0.733, 69.8% sensitivity, and 77.42% 
specificity (P<0.001). The use of more than 3 antihy-
pertensive drugs after the procedure was found to have 
AUC 0.624, 34.88% sensitivity, and 82.26% speci-
ficity (P=0.023). 
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DISCUSSION 
 
The aim of this study was to investigate adverse events 
and the predictors of these observed in patients who 
underwent a PTRS procedure because of ARAS. Al-
though the SYNTAX score seemed to be significant 
in the univariate Cox regression analysis, it was not 
found to be an independent predictor. LVEF, COPD 
and the number of antihypertensive drugs used after 
the procedure were determined to be independent pre-
dictors for MAE.  
      In a previous study, the peri-procedural mortality 
rate was found to be 2.7%, which was close to the rate 
of the current study (1.9%). The mortality rate was de-
termined to be 27.6% throughout the period of the cur-
rent study (median 39 months), and when the mean 
follow-up period is taken into consideration, this rate 
was seen to be higher than the 24.2% (median 63 
months) reported in the study by Wallace et al. [15]. 
However, the results obtained were seen to be similar 
to the 25.6% mortality rate of the ASTRAL study and 
the 24% mortality rate of the STAR study in literature 
[16, 17]. The median follow-up period (42 months) of 
the CORAL study [1] was very close to that of the cur-
rent study, and the mortality rate of 13.7% was seen 
to be much lower than that of this and the above-men-
tioned studies [16, 17]. It was thought that the higher 
mortality rate in the current study compared to the 
CORAL [1] and Wallace et al. [15] studies could be 
attributed to the current study population having much 
more advanced atherosclerotic disease, especially 
compared with the CORAL study [1], and that this 
study was conducted during the COVID-19 pandemic. 
Another difference of the current study findings from 
the results of Wallace et al. [15] and the CORAL study 
[1] was that less than half (41.3%) of all the deaths 
were due to cardiovascular reasons. 
      In another study that was very similar to the cur-
rent study in terms of design and results, age, COPD, 
heart failure, a history of treated subclavian artery 
stenosis, and advanced chronic renal failure were 
found to be independent predictors for mortality [18]. 
In the current study, COPD, LVEF, and the number of 
antihypertensive drugs after the procedure were deter-
mined to be independent predictors for MAE formed 
from combined end-points, rather than mortality. The 
current study results support the findings of the previ-

ous study in respect of COPD and heart failure. As 
COPD and ARAS share similar risk factors such as 
smoking, this may be related to the increased risk of 
adverse event. COPD has been proven to be an inde-
pendent risk factor for mortality after coronary artery 
bypass grafting and percutaneous coronary interven-
tion for CAD [19, 20]. Ledermen et al. [21] demon-
strated that the risk of mortality increased with an 
increase in the severity of CAD in ARAS patients. 
However, it was interesting that in the current study 
results no independent association was seen between 
MAE and the SYNTAX score, which is a current score 
showing the severity of CAD.  
      It has been shown in previous studies that a history 
of MI, low LVEF and/or renal dysfunction are markers 
of poor prognosis in patients applied with renal arterial 
stent [7]. With the exception of LVEF, the other factors 
were not determined to be independent predictors in 
the current study. A low LVEF is known to be associ-
ated with increased mortality in many clinical condi-
tions [22, 23]. However, there are limited data on the 
subject of the importance and cutoff value of LVEF in 
studies conducted on ARAS patients. The current 
study results showed that a cutoff value of ≤55 for 
LVEF was a significant predictor.  
      From a scan of the relevant literature, no evidence 
could be found that the total number of antihyperten-
sive drugs used after the procedure could be a predic-
tor of an adverse event. Therefore, the number of 
antihypertensive drugs after the procedure has been 
shown as a new predictor for this patient group. The 
fact of having to take more antihypertensive drugs 
after the procedure indicates that the patient has higher 
blood pressure values and has more difficulty in con-
trolling this. A greater number of drugs may be asso-
ciated with adverse events because of a more 
unwanted effect and greater drug interactions. This has 
been previously shown in studies of polypharmacy 
[24, 25]. This finding also demonstrates that blood 
pressure control is very important in these patients. 
Therefore, renal denervation could be considered in 
patients who cannot obtain blood pressure control de-
spite a renal stenting procedure.  
      When the efficacy of the renal stent procedure was 
examined in respect of HT treatment, the procedure 
was found to be beneficial for 77.1% of the study 
group within the whole patient group. This rate was 
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close to the rate of 69.2% reported in a study by Dre-
goesc et al. [26]. The results of a meta-analysis 
showed that a stented or stentless PTRA procedure 
was not successful in respect of blood pressure control 
or improving renal functions in approximately 20-40% 
of patients [27]. The current study results were con-
sistent with those of this meta-analysis.  
 
Limitations 
      The main limitations of this study were that it was 
retrospective in design and was conducted with a lim-
ited number of patients in a single centre. Due to the 
retrospective nature of the study, there may not have 
been standardization in the TTE and PTRS procedures 
among different cardiologists as can be ensured in 
prospective studies. A further limitation could be said 
to be the lack of a control group treated conservatively.  
 
 
CONCLUSION 
 
The results of this study demonstrated that LVEF, the 
presence of COPD, and the total number of antihyper-
tensive drugs used after the procedure were independ-
ent predictors for MAE seen after a PTRS procedure 
in ARAS patients. These predictors can be used to es-
timate the risk in these patients. To be able to prevent 
adverse events, it is important that patients with these 
markers are treated and followed up more closely. As 
these results were obtained from a limited number of 
patients there is a need for further, large-scale, multi-
centre studies to support these findings.  
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