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Vascular Renal Disease

Frequency and Predictors of Renal Artery
Stenosis in Hypertensive Patients
Undergoing Coronary Angiography

Hikmet Yorgun, MD1, Giray Kabakçı, MD, FESC2,
Uğur Canpolat, MD2, Kudret Aytemir, MD, FESC2,
Görkem Fatihoğlu, MD2, Uğur Nadir Karakulak, MD2,
Ergün Barış Kaya, MD2, Levent Şahiner, MD2,
Lale Tokgözoğlu, MD, FESC, FACC2, and
Ali Oto, MD, FESC, FACC, FHRS2

Abstract
Renal artery stenosis (RAS) and coronary artery disease share common risk factors. We investigated the frequency and
predictors of RAS among hypertensive patients who underwent elective coronary angiography. A total of 832 hypertensive
patients underwent coronary and renal angiography at the same session. Renal artery stenosis was classified as mild, moderate, or
severe. The study population consisted of 4 groups; 71.1% with normal renal arteries, 12.5% with mild, 8.9% with moderate, and
7.5% with severe RAS. The prevalence of significant (�50%) RAS was 16.3%. The Gensini score showed a stepwise rise with
increasing severity of RAS. Age, duration of hypertension, estimated glomerular filtration rate, Gensini score, and multivessel
disease were independent predictors for the presence of RAS. Hypertensive patients with those risk factors might need detailed
investigation for RAS which may affect their prognosis.
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Introduction

Renal artery stenosis (RAS) is a common secondary cause of

systemic hypertension and chronic renal failure which worsens

the course of coronary artery disease (CAD).1-3 In addition to

other vascular beds, atherosclerotic lesions in the renal arteries

were commonly observed in patients with CAD.4-6 Significant

RAS (>50% stenosis) was reported as 11% to 23% among

patients undergoing cardiac catheterization during coronary

angiography.4,5,7 Although RAS does not always result in hyper-

tension, renal artery disease is frequently progressive in patients

who undergo cardiac catheterization for investigation of CAD.8

Several studies evaluated the prevalence and predictors of

RAS among patients undergoing coronary angiography. In

these studies, elevated serum creatinine level, CAD, peripheral

arterial disease, hypertension, cerebrovascular disease, older

age, female gender and family history of premature CAD, mul-

tivessel CAD, and previous coronary artery bypass graft were

identified as independent predictors of significant RAS.8-12

There has been controversy regarding which patient population

should be screened and the effect of screening for RAS during

angiography on survival. _Identification of patients with RAS

could be relevant since it may affect treatment decisions.

Renal artery stenosis is a potentially correctable condition

which may improve renal function as well as the prognosis

of CAD. In this study, we evaluate the frequency and predictors

of RAS among hypertensive patients who underwent coronary

angiography for suspected CAD.

Methods

Study Population

In this observational study, we enrolled a consecutive subset of

832 hypertensive patients who underwent coronary angiography

for the detection of CAD. Patients having acute coronary syn-

drome or hemodynamic instability were excluded from the study.
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University, Altındağ 06100, Ankara, Turkey.

Email: dru_canpolat@yahoo.com

Angiology
64(5) 385-390
ª The Author(s) 2012
Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/0003319712451900
ang.sagepub.com

 at Aston University - FAST on September 4, 2014ang.sagepub.comDownloaded from 

http://www.sagepub.com/journalsPermissions.nav
http://ang.sagepub.com
http://ang.sagepub.com/


All participants provided details of their demographics,

medical histories, and medication use at the time of clinical

consultation. Cardiovascular risk factors of each patient includ-

ing hypertension, diabetes mellitus (DM), family history of

premature CAD (CAD in male first-degree relative <55 years;

CAD in female first-degree relative <65 years), current medi-

cation, and smoking were recorded. Diabetes mellitus was

defined as a fasting plasma glucose level �126 mg/dL or cur-

rent diabetes treatment with dietary modification, oral glucose-

lowering agents, or insulin.13 Hypertension was defined by use

of antihypertensive medication or systolic blood pressure (BP)

�140 mm Hg or diastolic BP �90 mm Hg. Dyslipidemia was

defined as total cholesterol �200 mg/dL or treatment with a

lipid-lowering agent. Body weight, height, waist, and hip cir-

cumference were measured and recorded for all patients. The

body mass index (BMI) of patients was calculated.

Complete blood count, blood biochemistry, and lipid profile

were obtained for each patient. Blood samples were measured

for serum triglyceride, total, low-density lipoprotein and high-

density lipoprotein cholesterols, and fasting glucose levels

enzymatically with a commercially available assay kit (Hitachi

P800, Holliston, Massachusetts). Estimated glomerular filtra-

tion rate (eGFR) was calculated by the Gault and Cockcroft for-

mula.14 This study was approved by the local ethics committee

and informed consent was received from each participant.

Coronary and Renal Angiography

Selective coronary angiography was performed in multiple

orthogonal projections using Judkins technique after intrave-

nous bolus administration of 2000 U heparin. Single-vessel dis-

ease was defined as >70% diameter stenosis in only 1 major

coronary artery; 2- and 3-vessel disease was defined according

to the same criteria. In all the patients, selective renal angiogra-

phy was performed after coronary angiography using right Jud-

kins catheter with hand injection of contrast agent. The arteries

were classified according to the visually estimated diameter

stenosis severity (<50% [mild], 50%-70% [moderate], or

>70% [severe]). The stenosis of �50% was defined as signifi-

cant stenosis. The final decision regarding the severity of RAS

was made by the consensus of 2 independent experienced prac-

titioners who were blinded to the demographics and results of

coronary arteriography. The presence and total severity of

CAD were also assessed according to the Gensini scoring

system.15

Statistical Analysis

All data were entered into a database and subsequently ana-

lyzed using SPSS software version 17.0 for windows (SPSS

Inc, Chicago, Illinois). The relationship between RAS and

other variables was examined using Student t test for normal

continuous variables and chi-square test for categorical vari-

ables. Continuous variables that revealed significant relation-

ship with RAS in univariate analysis categorized according to

their distributions and entered into the multivariate model.

Numerical variables expressed as mean + standard deviation

and categorical variables as percentages. Independent predic-

tors of RAS were derived by multivariate stepwise logistic

regression analysis and expressed as odds ratios with 95% con-

fidence interval. A 2-sided P < .05 was considered significant.

Results

In the present study, we enrolled a consecutive subset of 832

(654 male, 78.6%) patients with a mean age of 61.2 + 8.2

years. Our study group consisted of 4 groups; 592 (71.1%)

patients with normal renal arteries, 104 (12.5%) patients with

mild (<50%), 74 (8.9%) patients with moderate (50%-70%),

and 62 (7.5%) patients with severe (>70%) RAS. The mean

systolic and diastolic BP were 153 + 24 and 90 + 14 mm

Hg, respectively, and the mean duration of hypertension was

6.4 + 3.5 years. There were no significant differences between

groups in terms of gender, BMI, systolic and diastolic BP, dys-

lipidemia, DM, history of premature CAD, left ventricular

ejection fraction, and serum creatinine levels. Patients with

severe RAS were older, had smoking habit, and longer duration

of hypertension. Although the history of peripheral artery dis-

ease was more prevalent in the patients with RAS compared

with normal renal vessels, prior stroke and prior coronary

artery bypass graft (CABG) percutaneous coronary interven-

tion were similar between groups. The baseline characteristics

of the entire study population are shown in Table 1.

When coronary angiographic characteristics of the study

population were evaluated, the prevalence of single-, 2-, or 3-

vessel disease was more prevalent in the groups with RAS

(Table 2). In our study, the prevalence of RAS is 28.8% and the

prevalence of significant RAS (�50% stenosis) was 16.3%.

Among patients with RAS, 1-, 2-, or 3-vessel disease was more

prevalent among patients with severe (>70% stenosis) RAS.

Additionally, the Gensini score showed a stepwise increase

with increasing severity of RAS (Gensini score 26.5 + 19.2

in normal renal arteries, 34 + 15.7 in mild renal stenosis,

58.4 + 21.2 in moderate renal stenosis, 74 + 25.1 in severe

renal stenosis). Also, the prevalence of RAS was increased with

the increased extent of CAD (Figure 1).

To determine the independent predictors for the presence of

RAS, we performed multivariate logistic regression analysis

which revealed that age, duration of hypertension, eGFR,

Gensini score, and 2- and 3-vessel disease were independent

predictors for the presence of RAS (Table 3). We also analyzed

the independent predictors for �50% RAS which revealed

age, eGFR, duration of hypertension, smoking, Gensini score,

2-, and 3-vessel disease as independent predictors for signif-

icant RAS (Table 4).

Also there were no complications attributed to the renal and/

or coronary angiography.

Discussion

Our findings indicate that, among patients with the diagnosis of

hypertension, approximately one third of the study population

had RAS and the prevalence of RAS showed stepwise increase
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with increased extent of coronary atherosclerosis. Additionally,

multivariate logistic regression analysis illustrated that age,

duration of hypertension, eGFR, Gensini score, and multivessel

disease were independent predictors for the presence of RAS;

and age, duration of hypertension, eGFR, smoking, Gensini

score, and multivessel disease were independent predictors of

the severity of RAS in our study population.

Our study was different from previous ones in terms of the

study population selected for renal angiography.12,16 Several

previous reports included both normotensive and hypertensive

patients in contrast to our study where we aimed to evaluate the

prevalence of RAS in hypertensive patients at cardiac catheter-

ization. In our study, the prevalence of RAS is 28.8% and the

prevalence of significant RAS (�50% stenosis) was 16.3%.

Our findings were concordant with previous studies where

the reported prevalence of RAS varied between 11% and

47%4,5,7 depending on the inclusion criteria. In the previous

studies including hypertensive patients by Rihal et al4 and

Dzielinska et al,10 significant RAS (>50% stenosis) was

19.2% and 12%, respectively, whereas the prevalence of

Table 1. Demographics and Clinical Characteristics of the Study Population.

Parameters
Total

(n ¼ 832)
Normal Renal

Arteries (n ¼ 592)
RAS <50%
(n ¼ 104)

RAS 50%-70%
(n ¼ 74)

RAS >70%
(n ¼ 62)

P
Value

Age, years 61.2 + 8.2 59.1 + 9.2 61.7 + 8.4 63.4 + 9.3 67.5 + 11.2 .035
Male gender, n (%) 654 (78.6) 465 (78.5) 81 (77.8) 59 (79.7) 49 (79) NS
BMI (kg/m2) 25.4 + 6.3 24.7 + 5.4 25.2 + 5.1 26.1 + 7.2 26.4 + 6.3 NS
Smoking, n (%) 442 (53.1) 314 (53) 54 (51.9) 40 (54) 34 (54.8) .042
Duration of hypertension, years 6.4 + 3.5 6.1 + 3.1 6.5 + 2.9 7.1 + 3.4 8.4 + 3.1 .003
Systolic BP, mm Hg 153 + 24 153 + 22 154 + 24 155 + 21 158 + 24 NS
Diastolic BP, mm Hg 90 + 14 90 + 11 92 + 14 93 + 12 92 + 13 NS
Dyslipidemia, n (%) 534 (64.2) 380 (64.1) 67 (64.4) 48 (64.8) 39 (62.9) NS
Diabetes mellitus, n (%) 164 (19.7) 119 (20.1) 20 (19.2) 13 (17.5) 12 (19.4) NS
Family history of premature CAD, n (%) 80 (9.6) 58 (9.8) 10 (9.8) 8 (10.8) 6 (9.6) NS
Prior stroke, n (%) 24 (2.9) 15 (2.5) 4 (3.8) 3 (4) 2 (3.2) NS
Peripheral artery disease, n (%) 32 (3.8) 20 (3.3) 5 (4.8) 4 (5.4) 3 (4.8) .038
Prior CABG, n (%) 21 (2.5) 15 (2.5) 3 (2.8) 2 (2.7) 1 (1.6) NS
Prior PCI, n (%) 48 (5.8) 36 (6) 6 (5.7) 4 (5.4) 2 (3.2) NS
LVEF < 35% (%) 35 (4.2) 20 (3.3) 3 (2.9) 7 (9.4) 5 (8) NS
Total cholesterol (mg/dL) 205 + 43 204 + 42 207 + 51 212 + 53 213 + 54 NS
LDL-cholesterol (mg/dL) 129 + 39 127 + 35 131 + 31 128 + 29 130 + 33 NS
HDL-cholesterol (mg/dL) 46 + 15 46 + 16 47 + 13 46 + 15 44 + 16 NS
Triglyceride (mg/dL) 181 + 100 185 + 90 183 + 95 189 + 85 186 + 88 NS
Serum creatinine (mg/dL) 1.0 + 0.31 1.0 + 0.25 1.1 + 0.32 1.1 + 0.41 1.1 + 0.33 NS
GFR (mL/min) 89.8 + 24.7 90.1 + 32 87.3 + 26.4 81.9 + 20.5 79.6 + 21.5 .022
Beta-blockers, n (%) 624 (75) 442 (74.6) 80 (76.9) 54 (73) 48 (77.4) .45
Calcium channel blockers, n (%) 300 (36) 207 (34.9) 39 (37.5) 29 (39.1) 25 (40.3) .014
Diuretics, n (%) 785 (94.3) 558 (94.2) 96 (92.3) 71 (95.9) 60 (96.7) <.001
ACE inhibitors, n (%) 435 (52.2) 304 (51.3) 56 (53.8) 39 (52.7) 36 (58) .65
Angiotensin receptor blockers, n (%) 44 (5.3) 30 (5) 5 (4.8) 4 (5.4) 5 (8) .22
Aspirin, n (%) 765 (91.9) 546 (92.2) 94 (90.3) 67 (90.5) 58 (93.5) .44
Statins, n (%) 385 (46.2) 279 (47.1) 45 (43.2) 33 (44.5) 28 (45.1) .76

Abbreviations: ACE, angiotensin converting enzyme; BMI, body mass index; BP, blood pressure; CABG, coronary artery bypass graft; CAD, coronary artery dis-
ease; GFR, glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; LVEF, left ventricle ejection fraction; NS, nonsignificant; PCI,
percutaneous coronary intervention.

Table 2. Coronary Angiographic Characteristics of the Entire Study Population With Renal Artery Stenosis (RAS).

Parameters
Total

(n ¼ 832)
Normal Renal

Arteries (n ¼ 592)
RAS <50%
(n ¼ 104)

RAS 50%-70%
(n ¼ 74)

RAS >70%
(n ¼ 62)

P
Value

Normal coronary arteries 254 (30.5%) 188 (31.7%) 29 (27.8%) 20 (27%) 17 (27.4%) NS
LMCA disease 8 (0.96%) 2 (0.34%) 1 (0.96%) 2 (2.7%) 3 (4.8%) .022
Single-vessel disease 215 (25.8%) 150 (25.3%) 26 (25%) 20 (27%) 19 (30.6%) .034
2-Vessel disease 122 (14.6%) 76 (12.8%) 17 (16.3%) 13 (17.5%) 16 (25.8%) .001
3-Vessel disease 85 (10.2%) 50 (8.4%) 9 (8.6%) 13 (17.5%) 13 (20.9%) <.0001
Gensini score 32.2 + 17.5 26.5 + 19.2 34 + 15.7 58.4 + 21.2 74 + 25.1 <.0001

Abbreviations: LMCA, left main coronary artery; NS, nonsignificant; RAS, renal artery stenosis.
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�50% stenosis was 16.3%, and >70% stenosis was 7.5% in

our study population.

In line with previous studies, the extent of coronary athero-

sclerosis was associated with both the presence and severity of

RAS in our study group and multivariate logistic regression

analysis revealed that multivessel disease was an independent

predictor of RAS. Additionally, eGFR was inversely associated

with the presence and severity of RAS. Although patients with

RAS tend to have higher creatinine levels compared with

patients with normal renal arteries, eGFR was significantly

lowered with increasing severity of RAS. Furthermore, lower

eGFR was an independent predictor of the presence and sever-

ity of RAS. Those findings were also in agreement with previ-

ous studies by Weber-Mzell et al17 and Dzielinska et al.10

Although serum creatinine levels were not significantly differ-

ent between the groups, eGFR is a better method for the estima-

tion of renal function in this group indicating the importance of

decreased eGFR as an independent risk factor for RAS. There-

fore, RAS could be considered in hypertensive patients with

decreased eGFR and multivessel CAD.

In a study evaluating the predictors of RAS in patients with

normal renal function by Rigatelli et al,18 3-vessel CAD, hyper-

tension, and hypercholesterolemia were independent predictors

of RAS after multivariate logistic regression analysis. Addi-

tionally, other studies revealed that older age, higher creatinine

levels, peripheral arterial disease, number of cardiovascular

drugs, hypertension, female sex, family history of CAD and

3-vessel CAD, or previous CABG were independent predictors

for significant RAS among patients undergoing renal angiogra-

phy after cardiac catheterization.8,19 However, our study popu-

lation consisted of patients with a previous diagnosis of

hypertension or uncontrollable hypertension despite medical

treatment. In a similar study population consisting of 333

hypertensive patients undergoing elective coronary angiogra-

phy, Dzielinska and colleagues10 found that carotid intima–

media thickness, number of coronary arteries stenosed, creati-

nine concentration, BMI, and number of antihypertensive drugs

were independently associated with RAS. In a similar study

population, Rihal and colleagues4 reported that systolic BP,

history of stroke or transient ischemic attack, and cancer were

independently correlated with significant RAS. In our study

group, we found that age, duration of hypertension, Gensini

Figure 1. Prevalence of renal artery stenosis (RAS) according to the
lesion extent assesed by conventional coronary angiography.

Table 4. Multivariate Logistic Regression Analysis Illustrating the
Independent Predictors of Renal Artery Stenosis �50%.

Parameters b-Coefficient
Odds Ratio
(95% CI)

P
Value

Age >65 years 1.5 4.6 (2.4-10.2) <.0001
Male gender �0.105 �0.1 (�0.01-3.7) NS
BMI >30 kg/m2 0.8 0.88 (0.12-2.1) NS
GFR <90 mL/min �0.14 4.1 (2.2-8.5) <.0001
Smoking 1.4 3.1 (1.9-6.5) .001
Duration of hypertension

>6.8 years
1.9 5.4 (2.9-9.4) .0001

Dyslipidemia �0.09 0.72 (0.5-4.1) NS
Diabetes mellitus �0.58 1.2 (0.6-2.7) NS
Family history of

premature CAD
�0.1 0.55 (0.1-1.5) NS

Prior stroke 0.8 0.2 (0.08-1.1) NS
Prior PCI 0.01 0.7 (0.02-3.1) NS
Gensini score >52 2.4 10.6 (3.6-15.2) <.0001
Single-vessel disease 1.3 1.9 (0.7-3.1) NS
2-Vessel disease 2.1 4.9 (3.4-9.2) .0001
3-Vessel disease 3.8 15.1 (3.8-23.8) <.0001
LMCA disease 0.04 0.76 (0.01-1.8) NS

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CI, con-
fidence interval; GFR, glomerular filtration rate; LMCA, left main coronary
artery; PCI, percutaneous coronary intervention.

Table 3. Multivariate Logistic Regression Analysis Illustrating the
Impact of Several Variables on the Presence of Renal Artery Stenosis.

Parameters b-Coefficient
Odds Ratio
(95% CI)

P
Value

Age > 65 years 1.1 3.5 (2.1-8.6) .001
Male gender �0.3 �0.11 (�0.04-3.2) NS
BMI >30 kg/m2 �0.05 1.1 (0.2-3.4) NS
GFR <90 mL/min �0.12 3.9 (1.8-6.7) <.001
Smoking �0.06 1.08 (0.3-3.1) NS
Duration of hypertension

> 6.8 years
1.8 4.2 (2.1-8.6) .002

Dyslipidemia �0.06 0.87 (0.4-4.8) NS
Diabetes mellitus �0.07 1.5 (0.9-4.2) NS
Family history of

premature CAD
�0.4 0.88 (0.3-3.1) NS

Prior stroke 1.1 0.5 (0.1-1.8) NS
Prior PCI 0.05 1.3 (0.05-4.5) NS
Gensini score >52 2.1 12.4 (4.2-18.5) <.0001
Single-vessel disease 1.1 2.5 (0.9-4.5) NS
2-Vessel disease 1.8 4.5 (3.2-8.5) .002
3-Vessel disease 3.6 14.5 (3.4-24.2) <.0001
LMCA disease 0.01 0.8 (0.05-2.1) NS

Abbreviations: BMI, body mass index; CAD, coronary artery disease; CI, con-
fidence interval; GFR, glomerular filtration rate; LMCA, left main coronary
artery; PCI, percutaneous coronary intervention.
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score, smoking, eGFR, and multivessel disease were the pre-

dictors of the severity of RAS. Despite the similarities between

risk factors associated with RAS, clinical and basal demo-

graphic characteristics of the study populations might have a

role causing differences between risk factors.

In the American Heart Association scientific advisory state-

ment published in 2006, onset of hypertension at <30 years of

age or severe hypertension at >55 years of age, accelerated,

resistant or malignant hypertension, unexplained atrophic kid-

ney or size discrepancy >1.5 cm between kidneys, sudden,

unexplained pulmonary edema or renal dysfunction and devel-

opment of new azotemia or worsening renal function after

administration of an ACE inhibitor, or ARB agent were class

I indications for renal angiography during coronary angiogra-

phy, and multivessel CAD or peripheral arterial disease, and

unexplained congestive heart failure or refractory angina were

class II indications.20 However, the approach regarding the

beneficial effects of screening for RAS during coronary angio-

graphy was challenged for several reasons. Although the results

of revascularisation for RAS are not promising as assessed by

recent studies, a prior knowledge for RAS may allow for a

more close follow-up to diagnose renal dysfunction earlier.21,22

Although, previous recommendations regarding RAS

screening were mainly based on clinical events, several ana-

tomic characteristics of coronary stenosis were also associated

with RAS beyond clinical and other cardiovascular risk factors.

According to our study results, multivessel disease was associ-

ated with both the presence and severity of RAS. Therefore,

screening for RAS during invasive coronary angiography may

be beneficial in the follow-up of those patients regarding both

disease progression and clinical events associated with RAS

requiring revascularization. In addition, the presence of ather-

osclerotic RAS also predicts future cardiovascular events in

terms of a higher incidence of hospitalization for angina and

myocardial infarction.23

The natural history of RAS was evaluated by Crowley et al8

which revealed that female gender, age, CAD at baseline, and

time between baseline and follow-up were independent predic-

tors of disease progression. Furthermore, progression of RAS

was observed in previous studies using serial renal angiogra-

phy.24 Additionally, chronic renal failure requiring renal

replacement therapy may also be required in those patients due

to renal atrophy.7 In conclusion, those findings indicate that

patients with RAS should be noninvasively screened for disease

progression. Although the approach solely based on the ana-

tomic characteristics of RAS may provoke unnecessary interven-

tions and the clinical significance and therapeutic implications of

RAS detected incidentally during coronary angiography are still

under debate, the main aim of screening is to detect patients who

might benefit from revascularization on clinical grounds.

Our study should be evaluated in the light of some limita-

tions. First, this was a single-center study and limited to a

predefined population of patients in whom coronary angiogra-

phy was planned. Therefore, those results cannot be general-

ized to entire population. Additionally, because of the nature

of study design as observational study, we only document the

association between several risk factors and RAS but not the

clinical value of RAS on the prognosis.

In conclusion, RAS is a common finding among hyperten-

sive patients undergoing cardiac catheterization and our study

findings indicate that age, duration of hypertension, GFR, and

the extent of CAD assessed both by single-, 2-, and 3-vessel

disease or Gensini score were independent predictors of RAS.

Our findings indicate that hypertensive patients with those risk

factors might necessiate deep investigation for RAS which may

affect the prognosis of those patients. Large scale prospective

studies are needed to clearly elucidate the clinical significance

of RAs determined during coronary angiography and prognos-

tic role of this finding in those patients.
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