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Objective The aim of our study was to examine the

association between the presence of atherosclerotic renal

artery stenosis (RAS) and coexisting cardiovascular risk

factors in hypertensive patients with coronary artery

disease (CAD).

Methods A total of 333 consecutive hypertensive patients

(239 men, 94 women) with CAD underwent clinically indicated

non-emergency coronary angiography, followed by renal

angiography. Before catheterization clinical examination was

performed to determine demographics, cardiac history,

known duration of hypertension, cardiovascular risk factors,

features of extracoronary vascular disease and related

comorbidities. Blood samples for all biochemical

evaluations – including highly sensitive C-reactive protein

(hsCRP), fibrinogen and homocysteine – were taken.

Ambulatory blood pressure monitoring (ABPM), echocardio-

graphy and carotid and femoral ultrasound followed by a

duplex colour Doppler examination were performed.

Results Significant RAS (> 50% lumen narrowing) was

identified in 40 patients (12%) and non-significant RAS

(< 50%) was found in 45 (13.5%) subjects. Patients with

significant RAS were older (59.8 versus 56.6 years, P < 0.05)

and were characterized by higher systolic ambulatory blood

pressure level. Patients with RAS had significantly higher

levels of creatinine, hsCRP, fibrinogen and homocysteine

and lower creatinine clearance than patients without RAS.

Multivessel coronary artery disease (MVD) was more

frequent in patients with significant RAS. Patients with

significant RAS had significantly higher left ventricular mass

index (LVMI) and lower ejection fraction (EF) as compared

with those without RAS. Patients with RAS were more often

characterized by the presence of carotid and femoral artery

atherosclerosis and significantly more pronounced increase

in carotid intima–media thickness (IMT) as compared with

non-RAS subjects. In a multivariate stepwise logistic

regression model carotid IMT [odds ratio (OR) 1.15; 95%
opyright © Lippincott Williams & Wilkins. Unauth
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confidence interval (CI) 1.03–1.29, P < 0.05], number of

coronary arteries stenosed (OR 1.61; 95% CI 1.01–2.56,

P < 0.05), creatinine concentration (for 10mmol/l increase,

OR 1.15; 95% CI 1.04–1.28, P < 0.01), body mass index (BMI)

(OR 0.86; 95% CI 0.75–0.97, P < 0.05) and number of

antihypertensive drugs (OR 1.76; 95% CI 1.18–2.62,

P < 0.05) were independently associated with RAS. The

areas under receiver operating characteristic curves for

carotid IMT, number of coronary arteries stenosed,

creatinine concentration, BMI and number of

antihypertensive drugs were 0.749, 0.633, 0.703, 0.350 and

0.677, respectively (P < 0.01 for all values).

Conclusions In conclusion, renal artery stenosis is prevalent

in a significant proportion of patients undergoing cardiac

catheterization. Renal angiography should be considered

particularly in hypertensive patients with multivessel

coronary disease coexisting with cardiovascular risk factors,

even moderately impaired renal function and increased

carotid IMT or vascular disease elsewhere. J Hypertens
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Introduction
It is generally accepted that atherosclerotic renal artery

stenosis (RAS) is a possibly curable cause of arterial

hypertension and of renal insufficiency [1–4].

Atherosclerotic RAS is a frequently overlooked clinical

entity and it is not established how often unrecognized
atherosclerotic RAS may be an important contributing

factor to the prevalence and severity of hypertension.

Some studies, including those performed in the

Glasgow Blood Pressure Clinic and Renfrew Blood

Pressure Clinic were focused on identifying patients

with unsuspected RAS in the general hypertensive

population [1–5].
orized reproduction of this article is prohibited.
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Several studies have emphasized the common association

of RAS with atherosclerotic diseases in other vascular

beds. The incidence of RAS in patients undergoing

routine cardiac catheterization has been estimated to

be in the range of 11–23% [1].

However it should be noted that the association

between the incidence of RAS and patients’ demo-

graphic and cardiovascular risk factors has not been

examined extensively. Therefore the aim of our study

was to examine the association between the presence of

atherosclerotic RAS and coexisting cardiovascular risk

factors in hypertensive patients.

We performed renal angiography in patients at risk

undergoing cardiac catheterization and being previously

unsuspected of having RAS. Subjects were required to

meet predefined selection criterion – hypertension and

coronary artery disease (CAD).

Methods
Patients
We performed renal angiography in 333 consecutive

hypertensive patients (239 men, 94 women) undergoing

clinically indicated non-emergency coronary angiography,

hospitalized in the 1st Department of Coronary Artery

Disease and Department of Hypertension of the Institute

of Cardiology in Warsaw, Poland. Before catheterization,

clinical examination was performed to determine demo-

graphics, cardiac history, known duration of hypertension,

cardiovascular risk factors, features of extracoronary vascu-

lar disease and related comorbidities. We recorded current

antihypertensive and cardiovascular drug therapy. In all

patients CAD was confirmed on cardiac catheterization.

Hypertension was diagnosed according to the WHO

criteria [blood pressure (BP) > 140/90 mmHg or current

antihypertensive treatment]. Hyperlipidaemia was

defined if the total cholesterol level was > 5.2 mmol/l

or low-density lipoprotein (LDL) cholesterol level was

> 3.4 mmol/l, or if the patient was taking a lipid-lowering

drug. Type 2 diabetes mellitus was diagnosed according

to the WHO criteria.

Patients were excluded for any of the following reasons:

haemodynamic instability, acute renal failure, history of

contrast nephropathy or refusal to provide informed

consent.

The study was approved by the Ethics Committee of the

National Institute of Cardiology, Warsaw, Poland and

informed written consent was obtained from each patient.

Laboratory methods
Blood samples for all biochemical evaluations were taken

after overnight fasting and after 60 min rest in the supine

position.
opyright © Lippincott Williams & Wilkins. Unautho
Baseline serum creatinine was measured before the pro-

cedure, estimated creatinine clearance (Cr-Cl) was cal-

culated using the Cockcroft–Gault formula. Slight

elevation of serum creatinine concentration [men (M):

115–133mmol/l, women (F): 107–124mmol/l] and renal

impairment (serum creatinine >133mmol/l in men; and

>124mmol/l in women) were defined according to Euro-

pean Society of Hypertension–European Society of

Cardiology (ESH/ESC) 2003 criteria [6].

Highly sensitive C-reactive protein (hsCRP) concen-

tration in serum was measured by ultrasensitive assay

using reagents kit from Randox (Crumlin, Co. Antrim,

UK), and standards and controls from Dade Behring

(Deerfield, Illinois, USA). The detection limit, which

represents the lowest level that can be distinguished from

zero, was 0.01 mg/l, within-run precision coefficient of

variation (CV)¼ 1.98%, and between-run precision

CV¼ 2.87%.

The plasma homocysteine level was measured using

high-pressure liquid chromatography (HPLC) (Bio-Rad

Laboratories, GmbH, Munich, Germany). Concen-

trations of lipids, creatinine and glucose were measured

using standard laboratory techniques.

In all patients 24-h ambulatory blood pressure measure-

ments (ABPM) were performed using SpaceLabs 90207

or 90217 monitors (SpaceLabs Inc., Redmond, Washing-

ton, USA). Readings were obtained every 15 min during

the day (0600–2200 h) and every 30 min during the night

(2200–0600 h).

All subjects underwent standard two-dimensional M-

mode echocardiograms on the same day or day after

ABPM. Left ventricular mass was calculated according

to the Devereux formula.

Carotid and femoral ultrasound followed by a duplex

colour Doppler examination was done in the supine

position, with a Philips ATL 5000 and a linear probe

7.5–12 MHz (Philips, Warsaw, Poland). Both left and

right common carotid arteries were analysed. Multiple

measurements on the distal wall from anterior, lateral and

posterior longitudinal views were recorded. Maximal

intima–media thickness (IMT) was measured in two

segments 1 cm from the flow divider caudally (carotid

bulb) and 1 cm caudally from the beginning of the com-

mon carotid bulb (common carotid). The IMT value was

calculated as an arithmetical mean from bulb and com-

mon carotid segments of both sides.

Carotid and femoral atherosclerotic lesions were defined

based on the presence of at least one atherosclerotic

plaque. According to ultrasound criteria, carotid athero-

sclerotic lesions in the left and right common carotid

arteries were defined as thickness exceeding 1.3 mm and
rized reproduction of this article is prohibited.



C

Renal artery stenosis in hypertensive patients Dzielińska et al. 665

Table 1 Results of renal angiography categorized by severity of
renal artery stenosis

Left renal artery

Normal <50% 50–70% >70–99% 100%

Right renal artery
Normal 248 17 3 6 2
<50% 17 11 2 1 2
50–70% 6 3 1 2 0
>70–99% 4 3 0 3 0
100% 0 0 0 2 0
focal character of the plaque 2 cm caudally from the flow

divider. A 1 cm segment of femoral artery cranially from

the femoral superficial and profound artery division was

also examined for the presence of atherosclerotic plaques.

Procedures
Participating patients underwent renal angiography

before completion of their cardiac catheterization pro-

cedure. After left ventriculography, the pigtail catheter

was withdrawn into the abdominal aorta and positioned a

few centimetres proximal to the renal arteries. In all but

seven patients, selective renal angiography was per-

formed with hand injection of contrast agent. Standard

coronary catheters (Judkins left or right) were used for

contrast injection into renal arterial ostia.

An angiographically significant RAS was defined by a

narrowing of the lumen > 50%, a high-grade RAS was

defined as a narrowing of > 70%. The arteries were then

categorized according to the visually estimated diameter

stenosis severity [< 50% (mild), 50–70% (significant)

and > 70% to 99% (severe) or 100% (totally occluded)].

The consensus of two experienced angiographers was

required.

Administration of periprocedural intravenous fluids or

N-acetyl cysteine was left to the discretion of the respon-

sible physician. Repeat serum creatinine was obtained

5–7 days after the procedure.

Statistical analysis
Statistical analysis was performed using SPSS v.13.0 soft-

ware for Windows (SPSS Inc., Chicago, Illinois, USA).

Detailed demographic and clinical characteristics as

described above were recorded for all patients. The study

population was split into groups with and without RAS.

Continuous variables are presented as mean� standard

deviation. For comparison of group means and medians

the t-test for independent samples and Mann–Whitney

test were employed. Discrete variables were expressed as

counts and comparison was performed using the chi-

squared test with Yates’s correction for continuity. Uni-

variate logistic regression analyses were performed to

determine clinical correlates of RAS. Significant univari-

ate predictors (P value< 0.01) were used to build a

multivariate logistic regression model. Only variables

associated with RAS at < 0.01 significance were included

into the model: carotid artery IMT, 24-h systolic blood

pressure; haemoglobin, creatinine, homocysteine, hsCRP

and fibrinogen concentrations; body mass index (BMI),

number of coronary arteries stenosed and number of

antihypertensive drugs. Multivariate analysis using a

forward stepwise logistic regression technique was

employed to determine the simultaneous effect of the

variables included in the model on the prevalence of

RAS. Ninety-five percent confidence intervals were cal-

culated for the odds ratios derived from univariate and
opyright © Lippincott Williams & Wilkins. Unauth
multiple logistic regression models. The area under the

receiver operating characteristic (ROC) curve was calcu-

lated. Positive predictive value (PPV) and negative

predictive value (NPV) were estimated according to

following equations:

PPV ¼ psenspprev=½psenspprev þ ð1 � pspecÞð1 � pprevÞ;

NPV ¼ pspecð1 � pprevÞ=½pspecð1 � pprevÞþ
ð1 � psensÞpprev�;

where pprev is prevalence, pspec, specificity and psens,

sensitivity. All hypothesis testing was two-tailed;

P< 0.05 was considered statistically significant.

Results
Prevalence of renal artery stenosis
In our study including 333 hypertensive patients with

CAD, significant RAS (>50% lumen narrowing) was

identified in 40 patients (12%, unilateral in 32 patients

and bilateral in 8 patients) and non-significant RAS

(<50%) was found in 45 subjects (13.5%). Twenty-five

patients with RAS had a high-grade (>70%) renal artery

lesion (unilateral and bilateral: 18 and 7 patients respect-

ively). Table 1 shows the results of renal angiography

categorized by the severity of RAS.

Comparison of the non-RAS and RAS groups
The clinical characteristics of the RAS and the non-RAS

groups are shown in Table 2; patients with significant RAS

were older (59.8 versus 56.6 years, P< 0.05). Systolic

ABPM (during the day, night and 24-h) was higher in

the RAS group. No difference was found in ambulatory

diastolic BP or in clinic systolic and diastolic BP (Table 3).

Normal, slightly increased and increased plasma creati-

nine levels were found in 199 patients (mean age:

55.9� 9.4 years), 82 patients (mean age: 58.0� 8.8 years)

and 52 patients (mean age: 59.3� 10.7 years), respect-

ively (P¼ 0.03 for age difference). RAS was observed in

14, 13 and 13 patients with normal (7.0%), slightly

increased (16%) and increased (25%) serum creatinine

levels. Patients with RAS had significantly higher levels

of creatinine than patients without RAS. The RAS group
orized reproduction of this article is prohibited.
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Table 2 Clinical characteristics of patients with and without renal
artery stenosis (RAS)

Without RAS With RAS P value

Number 293 40
Age (years) 56.6�9.5 59.8�9.6 <0.05
Female gender (%) 29.0 22.5
Diabetes (%) 15.5 20.0
Hyperlipidaemia (%) 73.7 87.2 0.067
Multivessel disease (%) 48.1 72.5 <0.01
Atherosclerosis of carotid

arteries (%)
76.2 94.4 <0.01

Atherosclerosis of femoral
arteries (%)

76.0 97.0 <0.01

Slightly increased creatinine
level (%)

23.5 32.5 <0.001

Increased creatinine
level (%)

13.3 32.5 <0.001

Former or current
smokers (%)

64.2 65.0

Nitrates (%) 62.5 72.5
Diuretics (%) 19.5 45.0 0.001
b-blockers (%) 82.9 92.5
ACEI or ARB (%) 75.8 60.0 0.053
CCB (%) 53.2 80.0 <0.001
Statins (%) 54.9 72.5 <0.05
Number of

antihypertensive drugsa
2 3 <0.001

CCS classa 2 2
BMI (kg/m2) 28.78�3.80 26.84�3.23 <0.01

a Data are shown as median. ACEI, angiotensin-converting enzyme inhibitor; ARB,
angiotensin II receptor blocker; CCB, calcium-channel blocker; CCS, Canadian
Cardiovascular Society; BMI, body mass index.

Table 3 Comparison of the groups without and with renal artery
stenosis (RAS)

Without RAS With RAS P value

Number 293 40
ABPM 24-h systolic

BP (mmHg)
118�13 128�15 <0.0001

ABPM 24-h diastolic
BP (mmHg)

72�8 74�10 0.10

ABPM daytime systolic
BP (mmHg)

120�13 130�15 <0.0001

ABPM daytime diastolic
BP (mmHg)

74�9 76�11 0.13

ABPM night-time systolic
BP (mmHg)

112�15 121�17 <0.001

ABPM night-time diastolic
BP (mmHg)

66�9 68�9

Clinic systolic BP (mmHg) 136�22 141�21
Clinical diastolic BP (mmHg) 84�14 84�18
Heart rate (beats/min) 69�8 69�6
EF echocardiography (%) 62.0�10.0 55.5�11.6 <0.001
Creatinine (mmol/l) 110.1�26.8 140.0�54.9 <0.01
Creatinine clearance (ml/min) 80.2�23.6 61.5�20.0 <0.0001
Uric acid (mmol/l) 5.1�1.4 5.8�1.9 0.073
Leukocytes (1000/ml) 7.0�1.9 7.3�1.8
Haemoglobin (g/dl) 14.5�2.8 13.4�1.7 <0.05
Platelets (1000/ml) 218.2�63.5 215.2�80.3
Fibrinogen (mg/dl) 354.0�104.8 402.5�122.7 <0.01
Serum Na (mmol/l) 141.3�3.1 141.1�3.0
Serum K (mmol/l) 4.4�0.4 4.5�0.4
hsCRP (g/l) 5.57�3.86 7.87�4.81 <0.05
Serum cholesterol (mg/dl) 190.4�37.8 191.4�43.4
Serum triglyceride (mg/dl) 162.3�85.4 158.1�75.5
HDL (mmol/l) 45.3�10.9 42.1�11.9 0.083
LDL (mmol/l) 113.6�34.0 119.4�38.7
Fasting blood glucose (mmol/l) 5.8�1.4 5.7�1.0
Homocysteine (mmol/l) 11.5�4.2 14.6�7.0 <0.05
IMT (mm) 1.163�0.362 1.542�0.434 <0.0001
LVMI (g/m2) 120.5�29.9 131.7�26.0 <0.05

ABPM, ambulatory blood pressure monitoring; BP, blood pressure; EF, ejection
fraction; hsCRP, highly sensitive C-reactive protein; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; IMT, intima–media thickness; LVMI, left ventricular
mass index.

Table 4 Prevalence and severity of renal artery stenosis (RAS)
according to cardiac catheterization findings

Prevalence and severity of RAS

Normal <50% 50–70% 70–100% P value

CAD extent
All non-significant

stenosis
65 (89.0%) 6 (8.2%) 2 (2.7%) 0.010

Single-vessel 68 (75.6%) 13 (14.4%) 2 (2.2%) 7 (7.8%)
Two-vessel 54 (71.1%) 10 (13.2%) 7 (9.2%) 5 (6.6%)
Three-vessel 61 (64.9%) 16 (17.0%) 4 (4.3%) 13 (13.8%)

CAD, coronary artery disease.
was also characterized by lower Cr-Cl as compared with

the non-RAS group (Table 3). None of the patients

developed acute renal failure after the procedure; serum

creatinine concentrations before intervention and after-

wards (peak values) did not differ.

In the RAS group, diuretics, calcium channel blockers

and statins were used more frequently. In the RAS group

angiotensin-converting enzyme inhibitors or angiotensin

II receptor blockers were used less frequently as com-

pared with the non-RAS group.

The two groups did not differ with respect to cardiovas-

cular risk factors such as smoking status, lipids,

parameters of glucose metabolism and incidence of dia-

betes mellitus (Table 3).

Patients with significant RAS had significantly higher left

ventricular mass index (LVMI) and lower ejection frac-

tion (EF) as compared with those without RAS.

Patients with RAS were more often characterized by the

presence of carotid and femoral artery atherosclerosis

(Table 2) and a significantly more pronounced increase

in carotid IMT as compared with non-RAS subjects

(Table 3).

Multivessel coronary artery disease (MVD), defined as

two or three coronary arteries with significant lesions, was

more frequent in patients with significant RAS (72.5
opyright © Lippincott Williams & Wilkins. Unautho
versus 48.1%; P< 0.01). The frequency of RAS increased

with the number of stenotic coronary arteries and RAS

was more frequent in patients with MVD (Table 4).

In our studied group, patients with significant RAS were

characterized by statistically higher plasma hsCRP, fibri-

nogen and homocysteine concentrations (Table 3).

Variables associated with renal artery stenosis
Variables discriminating patients with RAS were tested

in a univariate logistic regression for association with
rized reproduction of this article is prohibited.
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Table 5 Variables associated with renal artery stenosis: univariate and multivariate logistic regression models

Univariate model Multivariate model

Variable Exp (B) 95% CI P Exp (B) 95% CI P

Variables included in the multivariate model
IMT carotid arteries 1.250 1.144 1.366 <0.001 1.152 1.032 1.286 0.012
24-h Systolic blood pressure (10 mmHg increase) 1.598 1.247 2.047 <0.001
Haemoglobin 0.625 0.492 0.794 <0.001
Creatinine (10mmol/l increase) 1.219 1.107 1.342 <0.001 1.152 1.037 1.280 0.009
Homocysteine 1.106 1.043 1.174 0.001
Number of coronary arteries stenosed 1.671 1.206 2.317 0.002 1.611 1.014 2.559 0.043
Number of antihypertensive drugs 1.498 1.146 1.959 0.003 1.757 1.179 2.616 0.006
BMI 0.857 0.775 0.948 0.003 0.855 0.751 0.973 0.017
hsCRP 1.137 1.040 1.243 0.005
Fibrinogen (10 mg/dl increase) 1.036 1.008 1.065 0.010

Variables not included in the multivariate model
EF 0.964 0.935 0.995 0.023
Femoral artery atherosclerosis 10.071 1.352 75.033 0.024
Carotid artery atherosclerosis 5.296 1.237 22.674 0.025
Uric acid 1.319 1.034 1.685 0.026
Age 1.037 1.000 1.075 0.047
LVMI 1.000 1.000 1.001 0.047

Exp (B), estimated odds ratio; CI, confidence interval; IMT, intima–media thickness; BMI, body mass index; hsCRP, highly sensitive C-reactive protein; EF, ejection fraction;
LVMI, left ventricular mass index.

Table 6 Sensitivity, specificity, predictive values for the detection of
renal artery stenosis in relation to extent of coronary artery disease,
number of antihypertensive drugs and creatinine concentration

Sensitivity Specificity
Positive

predictive value
Negative

predictive value

Number of coronary arteries with significant lesions
	1 95 24.2 0.96 0.20
	2 72.5 51.9 0.80 0.42
	3 42.5 73.7 0.54 0.63

Number of antihypertensive drugs
	2 100 11.9 1 –
	3 65 58.4 0.74 0.47
	4 32.5 85 0.51 0.72
	5 10 98.3 0.40 0.91

Serum creatinine concentration
Slightly increased 65 63.2 0.77 0.50
Increased 32.5 86.5 0.54 0.73
RAS. Age, carotid IMT, 24-h systolic BP, haemoglobin,

creatinine, homocysteine, fibrinogen, uric acid and

hsCRP concentrations, number of coronary arteries ste-

nosed, number of antihypertensive drugs, BMI, ejection

fraction, LVMI and prevalence of carotid or femoral

atherosclerosis were significantly associated with RAS

(Table 5).

In a multivariate stepwise logistic regression model that

included all variables associated with an univariate

logistic regression at significance of 0.01 or less, carotid

IMT, number of coronary arteries stenosed, creatinine

concentration, BMI and number of antihyperten-

sive drugs were independently associated with RAS

(Table 5).

Additional analysis was performed to determine the

predictive value of the variables independently associ-

ated with RAS in a multivariate logistic regression model.

The areas under ROC curves for carotid IMT, number of

coronary arteries stenosed, creatinine concentration,

BMI and number of antihypertensive drugs were

0.749, 0.633, 0.703, 0.350 and 0.677, respectively

(P< 0.01 for all values). Sensitivity, specificity, positive

predictive value and negative predictive value for the

diagnosis of RAS for number of coronary artery stenosed,

number of antihypertensive drugs and slightly increased

and increased creatinine concentration are shown in

Table 6.

Discussion
In the present study of 333 hypertensive patients under-

going cardiac catheterization the prevalence of significant

RAS (> 50%) was 12%, which is in agreement with other

previous reports. In the studies of Harding et al. [7] and

Weber-Mzell et al. [8], performed in the cohorts of
opyright © Lippincott Williams & Wilkins. Unauth
patients undergoing cardiac catheterization for suspected

CAD, RAS (defined as a stenosis > 50%) was found in

11 and 10.7%, respectively.

In a study by Rihal et al. [9] including 297 patients

undergoing coronary angiography, 19.2% of subjects

had renal stenoses of 50% or more. Furthermore, other

authors, in their reports based on small series of clinically

selected groups, observed the prevalence of RAS to be in

the range 11–18% [9].

It should also be noted that several studies focused

mainly on the common association between CAD and

RAS prevalence, and the patient’s demographic and

cardiovascular risk factors have not been examined

extensively. Our study, representing a cohort hospital-

ized in a single medical institution, differs in some ways

from the previous reports. We performed renal angio-

graphy in patients at risk undergoing cardiac catheter-

ization, in whom RAS was previously unsuspected.
orized reproduction of this article is prohibited.
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Subjects were required to meet a predefined selection

criterion – hypertension and coronary artery disease

(CAD).

Many other investigators who described unexpected RAS

in patients undergoing cardiac catheterization did not

employ hypertension as a pre-specified criterion to select

individuals, and their studied groups included both

hypertensive and normotensive patients [1–4,10–12].

Buller et al. [13] examined the prevalence and severity of

RAS in unsuspected patients undergoing cardiac cathe-

terization who had to exhibit at least one of four pre-

defined selection criteria – severe hypertension,

unexplained renal dysfunction, acute pulmonary oedema

or severe atherosclerosis. It should be noticed that in

Buller et al. and in our studies the incidence of RAS of

50% or more was 14.3 and 12%, respectively.

In our study patients with significant RAS were charac-

terized by older age and significantly higher systolic

ABPM during the day, night and over 24 h. Patients with

significant and non-significant RAS were characterized by

well-controlled hypertension as documented by ABPM

and clinical BP measurements. In our study patients

with significant RAS were taking a significantly higher

median number of antihypertensive agents as compared

with those of the non-RAS group (three versus two;

P< 0.001); this may result from more advanced hyper-

tension. In the RAS group diuretics and calcium-channel

blockers were used more frequently as compared with

non-RAS group. Suspicion of renovascular disease or

impaired renal function may explain differences in the

spectrum of antihypertensive drugs used in patients with

atherosclerotic RAS.

In contrast, Rihal et al. [9] reported that patients with

significant RAS were taking a mean of 1.9 antihyperten-

sive agents, the same as patients without angiographically

significant RAS. Furthermore, the distribution of anti-

hypertensive medications taken was no different

between patients with and those without RAS, except

that a higher percentage of those with stenosis took

calcium-channel blockers. Our data and that of Rihal

et al. [9] also showed that good blood pressure control

during antihypertensive therapy does not exclude high-

grade renal artery stenosis.

In contrast to the study of Buller et al. [13], coronary

disease burden was found to have an important associ-

ation with RAS in our patients. We found that the

frequency of RAS increased with the number of stenotic

coronary arteries. Patients with single-vessel, two-vessel

and three-vessel coronary disease were characterized by a

prevalence of significant and severe RAS equal to 10, 15.8

and 18.1%, respectively. In patients with one, two

or three significantly narrowed coronary arteries, the
opyright © Lippincott Williams & Wilkins. Unautho
sensitivity and specificity of diagnosing significant RAS

were 95, 72.5, 42.5 and 24.2, 51.9 and 73.7%, respectively.

In the studied group MVD was also more frequent in

patients with significant RAS as compared with those of

the non-RAS group. In a multivariate analysis, number of

coronary arteries stenosed as well as carotid IMT, BMI,

creatinine concentration and number of antihypertensive

drugs were independently associated with RAS.

It has been reported that the presence of RAS discovered

incidentially at coronary angiography was a strong inde-

pendent predictor of mortality [14]. Furthermore, in the

classic study performed in the Glasgow and Renfrew

Blood Pressure Clinics, secondary hypertension includ-

ing renovascular hypertension, history of myocardial

infarction, angina or stroke were associated with

increased mortality [5].

Our study indicates the relationship between RAS and

the extrarenal atherosclerotic burden. We showed that

patients with significant RAS were characterized by more

advanced atherosclerosis in carotid and peripheral

arteries. However, the association between RAS and

carotid or peripheral vascular disease may simply reflect

a large total body plaque burden and may partly reflect a

casual relationship between RAS and advanced general-

ized atherosclerosis.

Carotid IMT was significantly greater in patients with

significant RAS as compared with those of the non-RAS

group. Using this variable in the multivariate analysis,

carotid IMT was one of the significant predictors of renal

artery stenosis.

Limited data are available concerning the evaluation of

IMT in patients with atherosclerotic RAS. The study of

Horita et al. [15], performed in hypertensive patients with

type 2 diabetes, showed that carotid IMT was significantly

greater inpatientswithatheroscleroticRASthaninsubjects

without renal artery stenosis, confirming our results.

Our study showed that in the whole group 25 and 16% of

patients were characterized by slightly increased and

increased plasma creatinine levels, respectively. Patients

with RAS had significantly higher levels of serum crea-

tinine than non-RAS subjects and significantly lower

creatinine clearance. RAS was observed in 7, 16 and

25% of patients with normal, slightly increased and

increased serum creatinine levels, respectively. It should

also be noted that in a multivariate analysis serum crea-

tinine concentration was one of the variables indepen-

dently associated with RAS. Our study also indicated that

the Cr-Cl rate was lower in the RAS group.

In the study of Weber-Mzell et al. [8] it was found that,

in patients with significant RAS, serum creatinine and
rized reproduction of this article is prohibited.
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estimated glomerular filtration rate were significantly

lower compared with those of the non-RAS group. The

authors observed that the likelihood of having significant

renal artery stenosis is increased in subjects with reduced

glomerular filtration rate.

Buller et al. [13] also showed that calculated Cr-Cl

demonstrated an independent and continuous relation

with the likelihood of detecting RAS. The authors con-

cluded that RAS should be considered particularly when

renal dysfunction coexists with CAD.

We found that hypertensive subjects with CAD and

significant RAS had significantly higher hsCRP plasma

levels as compared with non-RAS subjects. In a univari-

ate analysis, plasma hsCRP level was associated with

RAS. The study of Hommels et al. [16] also indicated

that hsCRP concentrations were significantly associated

with the presence of atherosclerosis of renal arteries and/

or other vascular territories. In contrast, Weber-Mzell

et al. [8] observed no difference in plasma hsCRP

concentration between patients with significant RAS

and non-RAS undergoing cardiac catheterization for

suspected CAD.

In our study hypertensive patients with CAD and RAS

>50% and more had significantly higher plasma fibrino-

gen level as compared with non-RAS subjects. In

addition, by univariate analysis fibrinogen plasma level

was associated with RAS. Weber-Mzell et al. [8] did not

find a significant difference in fibrinogen plasma level

between patients with significant RAS as compared with

non-RAS subjects. Our data are in agreement with the

results of Park et al. [17] who reported a significantly

higher fibrinogen level in patients with atherosclerotic

renal artery stenosis as compared to those without RAS.

The authors showed, by univariate and multivariate

logistic regression analysis, that fibrinogen level was

associated with the presence of renal artery stenosis.

Our results indicate that hypertensive patients with CAD

and significant RAS had higher plasma homocysteine

levels as compared with those without RAS. In two

studies in hypertensive patients with renovascular dis-

ease, increased plasma homocysteine levels were also

observed [18,19]. It may be hypothesized that increased

plasma homocysteine concentration can be explained by

lower creatinine clearance in RAS patients. However, it

should be noted that in the study of Minuz et al. [19] no

change in plasma homocysteine concentration was noted

6 months after successful angioplasty.

A limitation of our study is that our results apply pre-

dominantly to patients suspected of having CAD under-

going cardiac catheterization, who met only one of the

predefined selection criteria for the detection of RAS –

hypertension stage 1–3. It is difficult to ascertain to what
opyright © Lippincott Williams & Wilkins. Unauth
extent our results may be generalized to the whole

population of hypertensive patients. It should also be

borne in mind that the associations we observed between

RAS and coronary, carotid and peripheral vascular dis-

ease, as well as other risk factors (including hsCRP,

fibrinogen and homocysteine), may simply reflect

generalized atherosclerosis.

In conclusion, renal artery stenosis is prevalent in a

significant proportion of patients undergoing cardiac

catheterization for suspected CAD. Our data indicate

that the number of coronary arteries stenosed, as well

as carotid IMT, BMI, creatinine concentration and the

number of antihypertensive drugs, were independently

associated with RAS.

The number of coronary arteries with stenotic lesions and

serum creatinine are two predictors of significant RAS.

Therefore renal angiography should be considered

particularly in hypertensive subjects with > 2 signifi-

cantly narrowed coronary segments and with even moder-

ately impaired renal function. Our data also showed that

good blood pressure control during antihypertensive

therapy does not exclude high-grade renal artery stenosis.

Our results showed that hypertensive patients under-

going diagnostic coronary angiography should be

screened for RAS to better define the cardiovascular risk

factors for the individual patient. Patients, particularly

those with non-significant RAS, should be followed-up

and a periodic evaluation of vascular disease progression

should be mandatory.
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