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INTRODUCTION
Atherosclerotic renal artery stenosis (RAS) is the main 
cause of secondary hypertension leading to renal insuf-
fi ciency, refractory hypertension and considerable car-
diovascular events1. RAS is encountered among 7% of 
adults over 65 years of age, 25% in dialyzed patients for 
end-stage renal failure and up to 50% in those presen-
ting generalized atherosclerosis (ATS)2,3.

Th e co-existence of RAS and ATS in other vascular 
beds has been well documented. In patients with co-

ronary artery disease, the prevalence of RAS increases 
with the extension and severity of coronary involve-
ment. Th is correlation was emphasized as leading to 
adverse cardiovascular events such as myocardial in-
farction (MI), stroke and cardiovascular death4-6. It also 
seems that patients with a history of stroke and/or ca-
rotid artery stenosis are more likely to have RAS when 
compared to those without this type of pathology7.

As the mortality increases with the higher severity 
of RAS lesions8, revascularization was expected to im-
prove the outcome in “high-risk” patients presenting 
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Abstract: Objectives – Bilateral atherosclerotic renal artery stenosis (RAS) implies a worse prognosis when compared to 
unilateral RAS concerning overall mortality and kidney function. Th e study aimed to compare the extension of atheroscle-
rotic (ATS) disease in consecutive patients with signifi cant uni- versus bilateral RAS. Methods – 58 patients referred to renal 
angiography for suspected RAS were prospectively enrolled and diagnosed with signifi cant (>60%) unilateral (n=31) and 
bilateral (n=28) stenosis. Th e evaluation protocol included cardiac history, known duration of hypertension, cardio-vascular 
risk factors, features of extracoronary vascular disease, related comorbidities and renal function. In all patients, coronary 
artery disease (CAD) was confi rmed by cardiac catheterization while signifi cant carotid artery disease (CAS) was assessed by 
carotidian angiography. Results – Th e renal function recorded in patients from the bilateral RAS group was signifi cantly lower 
when compared to the unilateral series, regardless of the used parameter (serum creatinine levels and estimated glomerular 
fi ltration rate – eGRF). Moreover, the prevalence of signifi cant CAS was higher in the bilateral RAS group. Conclusions – By 
combining the presence of bilateral signifi cant CAS with the eGFR reduction, there was determined an increase in the proba-
bility of correctly predicting the presence of bilateral RAS from 73.1% (bilateral CAS alone) and 76.9% (eGFR alone) to 78.8%.
Keywords: renal artery stenosis, atherosclerotic renal artery stenosis, renovascular hypertension, bilateral renal artery stenosis

Rezumat: Obiective – Stenoza bilaterală aterosclerotică de arteră renală (SAR) implică un prognostic rezervat în sensul 
creșterii mortalității și a disfuncției renale față de SAR unilaterală. Studiul actual și-a propus să compare extensia afectării 
aterosclerotice la pacienții cu SAR unilaterală comparativ cu cea bilaterală. Material și metodă – Au fost înrolați 58 de pacienți 
pentru suspiciune de hipertensiune renovasculară, diagnosticați ulterior cu SAR semnifi cativă unilaterală (n=31) respectiv bi-
laterală (n=27). Protocolul de evaluare a inclus istoricul afectării cardiace, durata hipertensiunii arteriale, factorii de risc cardi-
ovascular, semne și simptome ale afectării vasculare asociate și comorbidități. A fost evaluată funcția renală, boala coronariană 
a fost confi rmată coronarografi c iar prezenţa stenozei carotidiene semnifi cative a stabilit indicaţia de arteriografi e carotidiană. 
Rezultate – Disfuncția renală, estimată atât prin nivelul creatininei serice cât și prin rata fi ltrării glomerulare (eRFG) a fost 
mai pronunțată în lotul pacienților cu SAR bilaterală față de cei cu stenoză unilaterală. Mai mult decât atât, prevalența stenozei 
semnifi cative la nivelul arterelor carotide a fost semnifi cativ crescută la acești pacienți. Concluzii – Coroborarea prezenței 
stenozei carotidiene bilaterale semnifi cative cu reducerea marcată a eRFG determină o creștere a probabilității de predicție 
pentru SAR bilaterală de la 73,1% respectiv 76,9% (afectarea carotidiană și eRFG separat) la 78,8% folosind ambele corelații.
Cuvinte cheie: stenoza arterei renale, stenoza arterei renale aterosclerotică, hipertensiune arterială renovasculară, stenoză 
bilaterală a arterelor renale
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A vascular Doppler scan evaluation of carotid and 
lower extremity arteries was performed in all patients. 
Signifi cant carotid artery stenosis was confi rmed by 
carotid angiography subsequent to the initial Doppler 
scan evaluation. Furthermore, in cases of signifi cant 
lower extremity peripheral arterial disease (PAD) do-
cumented by Doppler scan, peripheral angiography 
was additionally applied. 

A complete echocardiographic evaluation and elec-
trocardiogram was performed in all patients in order to 
select those who underwent a clinically indicated angi-
ography. Coronary artery disease was documented by 
cardiac catheterization.

Th e renal function was estimated based on the serum 
creatinine level and glomerular fi ltration rate (eGFR) 
using both the Modifi cation of Diet in Renal Disease 
(MDRD) formula as well as the Chronic Kidney Disease 
Epidemiology Collaboration (CKD-EPI) equation.

Th e statistical analysis was performed using the IBM 
Statistical Package for Social Sciences (SPSS) 20.0 sta-
tistics soft ware at a signifi cance level of p ≤0.05. Th e 
independent sample t test and the Mann-Whitney U 
test were applied in order to analyze diff erences betwe-
en means of 2 independent study subgroups (depen-
ding on the normality of continuous data distribution 
assessed by Kolmogorov-Smirnov test). Th e Chi-squa-
re test was used for analyzing diff erences between cate-
gorical data. Moreover, binary logistic regression was 
performed in order to assess the association between 
the presence of bilateral RAS and target variables. Table 
values were presented as mean ± s.d. (standard deviati-
on) for continuous data and absolute number (percen-
tage) for categorical data.

RESULTS

General characteristics of the two study groups
Among the 58 patients included in the study group, sig-
nifi cant unilateral RAS was found in 31 cases (group 1) 
and bilateral RAS in 27 cases (group 2). 

with symptomatic chronic heart failure (CHF), angina 
or fl ash pulmonary edema9,10.

Th e recent CORAL (Cardiovascular Outcomes in Re-
nal Atherosclerotic Lesions) study failed to demonstrate 
the benefi t of revascularization in addition to medical 
treatment by comparison to medical therapy alone in 
RAS patients11. Still, the clinical phenotype should be 
considered in order to determine the revascularization 
outcome. Beyond the actual controversies, high-risk 
patients presenting bilateral signifi cant RAS, episodes 
of acute pulmonary edema, angina as well as the asso-
ciation between progressive renal deterioration and re-
fractory hypertension may be expected to benefi t the 
most from revascularization12.

Th e bilateral involvement of signifi cant RAS was 
shown to imply a worse prognosis when compared to 
cases of unilateral stenosis while referring to the ove-
rall mortality and kidney function (38% mortality at 2 
years in medically treated bilateral RAS)6,13. Moreover, 
a higher prevalence of symptomatic CHF, increased left  
ventricle mass index and left  ventricle dilation were ob-
served for this category of patients14.

Based on all of the above, it may be stated that the 
diff erentiation between bilateral and unilateral RAS 
holds a certain degree of importance. Screening models 
for the prediction of high-risk cases may be required 
in order to obtain the best outcomes regarding renal 
function preservation and mortality rate subsequent to 
revascularization.

Th e main objective of the present study was to com-
pare the prevalence of risk factors and the extension of 
ATS involvement in consecutive patients with signifi -
cant unilateral versus bilateral RAS. Also, it was aimed 
to identify the predictors for these specifi c pathological 
entities.

MATERIALS & METHODS
A total of 58 patients referred to renal angiography for 
suspected renovascular hypertension were prospecti-
vely enrolled in the study. Signifi cant RAS was defi ned 
as angiographic stenosis of at least 60% diameter by vi-
sual estimation.

Th e evaluation protocol was based on the following 
parameters: demographics, cardiac history, cardiovas-
cular risk factors (hypertension, smoking, diabetes, 
serum lipid levels, dyslipidemia), known duration of 
hypertension, objective evidence of ATS located at 
other vascular sites (coronary, carotid and lower extre-
mity arteries), related comorbidities and associated 
cardiovascular drug therapy.

Table 1. General characteristics of the two study groups

Unilateral RAS
N = 31

Bilateral RAS
N = 27 p

Age (years) 62.32±14.11 64.41±7.06 NS*
Gender
 Females
 Males

11 (35.4 %)
20 (64.5 %)

10 (37.1 %)
17 (62.9 %)

NS**
NS**

* independent sample t test;
** chi-square test; 
NS: non-statistically significant differences (p≥0.05);
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both study groups (Table 3). Th e mean value of total 
cholesterol levels recorded in the bilateral RAS series 
(range 106-292 mg/dL), was similar to that determi-
ned in the unilateral RAS study arm (197.54±69.21 
vs. 174.38±46.47 mg/dL, p=0.249). Additionally, the 
mean value of total plasma lipids found in the bilate-
ral and unilateral RAS series were statistically similar 
(627.50±131.3 versus 683.54±180.85 mg/dL, p=0.752).

Concomitant atherosclerotic involvement
Th e majority of cases with signifi cant carotid athe-
rosclerotic stenosis were found in the bilateral RAS 
group (63.89%). Moreover, the frequency of bilateral 
carotid stenosis was also signifi cantly higher in bilate-
ral RAS series.

Th ere were no statistically signifi cant diff erences 
between the bilateral and unilateral RAS groups regar-
ding concomitant coronary artery disease or lower ex-
tremity artery disease (Table 4).

While analyzing patients with concomitant signifi -
cant atherosclerotic stenosis in more than one vascu-
lar territory, it was noticed that the concomitant athe-
rosclerotic involvement in 2 or more arterial territories 
was more frequent in the bilateral RAS by comparison 
to the unilateral RAS study arm (Figure 2). Th e preva-
lence of carotid artery stenosis was 62.06% in all RAS 
patients included in the present analysis.

Th ere were no statistically signifi cant diff erences 
between the two groups regarding the mean age as well 
as gender distribution (Table 1).

The severity of renal artery stenosis 
Stenosis of the right renal artery was encountered in 17 
patients (54.84%) in the unilateral RAS group with a 
mean value of stenosis’ degree of 75.88±11.21% (range 
between 60% and 90%). Th e left  renal artery was aff ec-
ted in the remaining 14 patients (45.16%) characteri-
zed by a mean value of 78.57%±11.41% stenosis degree 
(range 60-90%).

Th e mean value of right artery stenosis in bilateral 
RAS series was 81.67±10% (range 60-95%), while the 
degree of left  renal artery stenosis displayed a mean 
value of 78.52±17.03% (range 60-90%). Overall, pati-
ents from the bilateral RAS group emphasized a signi-
fi cantly higher degree of both right as well as left  renal 
artery stenosis by comparison to the unilateral RAS 
study arm (Figure 1).

Blood pressure and renal function in the study 
groups
Th e maximum systolic blood pressure recorded in the 
unilateral RAS group had a mean value of 214.68±27.59 
mmHg (range 170-280 mmHg), thus being statisti-
cally similar to that recorded in the bilateral RAS se-
ries (mean value of 224.33±32. mmHg, range 180-280 
mmHg). Th e renal function determined in bilateral 
RAS patients was signifi cantly lower when compared 
to unilateral RAS cases regardless of the used parame-
ter (serum creatinine levels, eGFR estimated by MDRD 
or by CKD-EPI) (Table 2).

Atherosclerotic risk factors 
Th e presence of all traditional atherosclerotic risk 
factors (smoking, obesity, dyslipidemia and diabetes 
mellitus) presented statistically equivalent frequency in 

Figure 1. Severity of renal artery stenosis.
RRAS: right renal artery stenosis LRAS: left  renal artery stenosis.
Independent sample t test: *p = 0.024 **p = 0.045.

Table 2. Renal function in study groups

Unilateral RAS
N = 31

Bilateral RAS
N = 27      p

Serum creatinine (mg/
dL)

1.37±0.87 1.86±0.56 0.013

eGFRMDRD (ml/
min/1.73 m2)

61.64±18.92 44.44±15.01 <0.0001

eGFRCKD-EPI (ml/
min/1.73 m2)

69.78±30.03 41.79±14.99 <0.0001

Table 3. Atherosclerotic risk factors

ATS risk factor
(N, %)

Unilateral RAS
N = 31

Bilateral RAS
N = 27    p

Smoking 21 (51.2) 20 (48.8) NS*
Obesity 17 (51.5) 16 (48.5) NS*
DM 8 (44.4) 10 (55.6) NS*
Dyslipidemia 28 (54.9) 23 (45.1) NS*
Total serum cholesterol 187.52 ±67.84 168.63±55.58 NS**
Total serum lipids 659.77 ±175.98 646.61±139.54 NS**
* chi-square test; 
** independent sample t test; 
NS: non-statistically significant differences (p≥0.05);
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DISCUSSION
Renal artery stenosis is the most common cause of se-
condary hypertension, with atherosclerosis being the 
substrate in over 90% of cases. Th e condition leads to 
refractory hypertension, renal insuffi  ciency and car-
diovascular diseases. Th e real prevalence of RAS was 
generally reported between 5-10% of the hypertensive 
population, although much higher rates were described 
in elderly patients with atherosclerotic profi le (conco-
mitant coronary artery disease, carotid artery stenosis 
and lower extremity peripheral artery disease)15.

Arterial hypertension due to RAS may cause pro-
gressive renal damage16. Unilateral RAS leads to eleva-
ted renin and aldosteron levels that promote vasocon-
striction and increase peripheral vascular resistance. 
On the other hand, in bilateral RAS, renin secretion is 
elevated in both kidneys, diuresis is secondarily aff ec-
ted and hypertension is maintained due to the aldost-
eron eff ect on water and sodium retention resulting in 
volume expansion17,18.

As completely diff erent activation patterns are in-
volved for the renin-angiotensin-aldosteron system 
(RAAS) depending on whether RAS is unilateral or 
bilateral, the present study aimed to compare the pre-
valence of risk factors as well as the extension of the 
atherosclerotic disease aff ecting other territories in 

Predictors of bilateral renal artery stenosis
Th e probability of bilateral renal artery stenosis in pa-
tients with bilateral signifi cant carotid stenosis from 
our study group was 9.5 times higher (95% CI of OR: 
2.41-37.47) than the one of a patient with or without 
unilateral carotid stenosis (Table 5).

For every 1 mL/min/1.73 m2 of decrease in eGFR 
(assessed by CKD-EPI) below the median value of 49 
mL/min/1.73 m2, the probability of bilateral RAS incre-
ased with 0.952 (95% of OR: 0.925-0.980). 

By combining the presence of bilateral signifi cant 
carotid stenosis with the decrease in eGFR (estimated 
by CKD-EPI), there was determined an increase in the 
probability of correctly predicting the presence of bila-
teral RAS in our study group from 73.1% (by bilateral 
carotid stenosis alone) and 76.9% (by eGFR CKD-EPI 
alone) to 78.8% (Figure 3).

Table 4. Concomitant atherosclerotic involvement

Unilateral RAS
N = 31

Bilateral RAS
N = 27 p*

Signifi cant CAS
 Absent
 Unilateral
 Bilateral

18 (81.8)
3 (50)

10 (33.3)

4 (18.2)
3 (50)

20 (66.7)

0,002
NS

0,001
Signifi cant CAD
 Absent
 Uni-vascular
 Bi-vascular
 Tri-vascular

17 (54.8)
1 (33.3)
7 (70)

6 (42.9)

14 (45.2)
2 (66.7)
3 (30)

8 (57.1)

NS
NS
NS
NS

Signifi cant lower extremity 
PAD
 Absent
 Present

18 (56.2)
13 (50)

14 (43.8)
13 (50)

NS
NS

Concomitant signifi cant 
arterial stenosis
 Absent
 1 arterial territory
 ≥2 arterial territories

8 (72.7)
11 (57.9)
12 (42.8)

3 (27.3)
8 (42.1)

16 (57.2)

0.023
0.023
0.023

* chi-square test; 
CAS: carotid artery stenosis; CAD: coronary artery disease; PAD: peripheral artery disease;
NS: non-statistically significant differences (p≥0.05);

Figure 2. Concomitant signifi cant arterial stenosis.

Figure 3. Bilateral renal artery stenosis’ prediction models ROC curves.
ROC curve: receiver operating characteristic (the lines indicate prediction probability);
Model 1: includes only the presence of signifi cant bilateral carotid artery stenosis as 
independent variable; 
Model 2: includes only the values of the eGRF estimated by CKD-EPI equation as in-
dependent variable; 
Model 3: includes both the presence of signifi cant bilateral carotid artery and eGFR 
assessed by CDK-EPI equation.
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(66.7% versus 33.3%). Th is fi nding supported a proba-
bility of bilateral RAS in a patient with bilateral signi-
fi cant carotid artery stenosis of 9.5 times higher than 
in one with unilateral signifi cant carotid artery stenosis 
or none. Th e overall trend for all included patients was 
represented by an increasing degree of carotid artery 
stenosis along with a higher RAS severity. 

While considering the number of associated signi-
fi cant ATS lesions in diff erent arterial territories (co-
ronary, carotid, lower extremity), it was noticed that 
concomitant ATS involvement in 2 or 3 territories was 
recorded more frequently in the bilateral RAS group 
when compared to the unilateral one. Th e present data 
may refl ect a larger total body plaque burden in pati-
ents with bilateral RAS, thus possibly emphasizing a ca-
usal relationship between the specifi c RAAS activation 
pattern and an advanced generalized ATS process.

As a marker of progressive renal insuffi  ciency indu-
ced by renal ischemia, an increased creatinine serum 
level was found to constitute an independent predictive 
factor for the presence of RAS25. Additionally, prior to 
revascularization, there was documented a correlation 
between the stenosis severity and eGFR (regardless of 
the estimation method)26. While evaluating the serum 
creatinine levels and the eGFR in the present series, it 
was found that renal impairment was signifi cantly hi-
gher in the bilateral RAS group, regardless of the used 
parameter. During the course of the present analysis, 
the predictive performance of the risk model was 
assessed “through the looking glass” of the ROC curve. 
Consequently, the presence of bilateral RAS was pre-
dicted by the association of bilateral signifi cant carotid 
artery stenosis with a decreased eGFR of up to 78.8%.

Limitations
Th e number of cases included in the present study was 
restricted by the inclusion criteria of hypertensive pa-
tients presenting a high clinical suspicion of RAS. Pati-
ents who had asymptomatic RAS and incidentally dis-
covered RAS (<50% stenosis) were not considered for 
this particular study. 

Th e contribution of concomitant ATS in other vas-
cular areas as well as the presence of cardiovascular risk 
factors (dyslipidemia, hypertension, diabetes and smo-
king) could at some point interfere with the indication 
for renal arteriography in certain patients, thus poten-
tially infl uencing the study results.

Clinical signifi cance
Th e present study emphasized the high prevalence of 
atherosclerotic risk factors and the generalized natu-
re of the ATS process in RAS patients (both unilateral 

consecutive patients with unilateral by comparison to 
bilateral RAS.

With regard to the co-existence of cardiovascular 
risk factors and their infl uence in developing athe-
rosclerotic RAS, a prospective study reported that 30% 
of patients referred for coronary angiography were di-
agnosed with RAS, 15% of which represented cases of 
signifi cant stenosis (11% unilateral and 4% bilateral 
RAS). Also, more than 30% of patients with sympto-
matic coronary artery disease were demonstrated to 
have RAS, a condition susceptible to worsening the 
prognostic in these patients19.

Certain important markers for signifi cant RAS were 
reported: age >60 years, associated coronary artery di-
sease (RAS prevalence increases with extension and se-
verity of the number of aff ected coronary vessels) and 
symptomatic congestive heart failure19,20. It was also 
emphasized that RAS is present in 20-50% of the pa-
tients with peripheral artery disease and, according to 
a recent study, in more than 31% of patients with caro-
tid artery stenosis21. Moreover, RAS seemed to incre-
ase the incidence of carotid artery stenosis and lower 
extremity peripheral artery disease by 24% and 37%, 
respectively22,23. Th e previously determined prevalence 
of carotid artery stenosis in RAS patients in particular 
was 46% when compared to 12% in non-RAS cases24. 
However, there are no reports that diff erentiate unilate-
ral from bilateral RAS with regard to the perspective of 
associated ATS lesions.

Th e present study supports a strong association 
between coronary, lower extremity peripheral and ca-
rotid artery disease in RAS patients regardless of the 
unilateral or bilateral renal artery involvement. Th e hi-
gher rates of concomitant ATS found in both groups 
by comparison to those previously reported could be 
the result of diff erent study design as well as the limi-
ted number of enrolled patients. Furthermore from 
this perspective, it may be useful to mention that the 
present analysis involved symptomatic, hypertensive 
patients undergoing renal arteriography for high clini-
cal suspicion of reno-vascular disease. Similar studies 
solely took into consideration patients undergoing 
coronary angiography and described the frequency of 
incidentally found RAS in asymptomatic, generalized 
ATS cases.

Further along this line, the study also showed that 
the majority of patients with signifi cant carotid ar-
tery stenosis were recorded in the bilateral RAS group 
(85.18%) when compared to unilateral RAS (41.93%). 
Moreover, the frequency of bilateral carotid artery ste-
nosis was signifi cantly higher in the bilateral RAS series 
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and bilateral). While aiming to assess the probability 
of signifi cant bilateral RAS, the results of this analysis 
suggest that a thorough evaluation of the renal function 
and carotid artery disease in hypertensive patients pre-
senting a high clinical suspicion of RAS should be con-
sidered. A carotid artery Doppler scan in hypertensive 
patients associating high serum creatinine levels and 
decreased eGRF could be susceptible to helping clini-
cians in the screening process for high-risk bilateral 
RAS (which is the main correctable cause of secondary 
hypertension with tremendous prognostic implications 
if left  untreated).

CONCLUSIONS
In light of the above mentioned fi ndings, it may be 
stated that signifi cant bilateral RAS is more frequently 
associated with signifi cant ATS involvement of other 
vascular territories than unilateral RAS. Moreover, in 
our study signifi cant bilateral carotid artery stenosis 
was more prevalent in the group of patients with bila-
teral RAS.

Th e presence of a signifi cant bilateral RAS condition 
results in a more severe renal function impairment, re-
gardless of the assessment method (serum creatinine, 
eGFR by MDRD or by CKD-EPI formula).

Th e screening for bilateral signifi cant carotid artery 
stenosis by Doppler ultrasound and for renal impair-
ment by eGFR (according to CKD-EPI) could identify 
hypertensive patients at risk for bilateral RAS, thus 
making them proper candidates for angiographic eva-
luation.
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