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A b s t r a c t

Introduction: The  interactions between atherosclerotic renal artery steno-
sis, independently of  severity, and cardiovascular risk, and mortality, are 
complex and have not been fully researched. The  aim of  this study was 
the assessment of the risk of cardiovascular events and mortality in patients 
with haemodynamically non-significant (NS-RAS) and significant renal ar-
tery stenosis (S-RAS) diagnosed with ultrasonography.
Material and methods: The  study group consisted of  all consecutive pa-
tients (n = 2059) who underwent Doppler ultrasound of  the  renal arteries 
during a  4-year period. The  patients were divided, according to the  renal 
aortic ratio (RAR), into the  following groups: S-RAS (RAR ≥ 3.5), NS-RAS 
(1 < RAR < 3.5), and normal RAR (control group; RAR ≤ 1). The risk of cardio-
vascular events and death was estimated using Cox’s proportional hazard 
model, including severity of RAS, age, and gender, based on the data from 
the National Health Fund on causes of hospitalization, deaths, and statistics 
on percutaneous coronary angioplasty procedures.
Results: Significant renal artery stenosis was found in 112 patients (5.4%), 
NS-RAS in 313 patients (15.2%), and 1634 patients (79.4%) were qualified to 
the control group. The NS-RAS group had an increased risk of stroke (7.0% vs. 
3.0%, HR = 1.77, p = 0.032); S-RAS patients were at increased risk of heart fail-
ure (16.1% vs. 5.2%, HR = 2.19, p = 0.002) and death (19.6% vs. 4.3%, HR = 3.08, 
p < 0.001).
Conclusions: The  presence of  haemodynamically non-significant renal ar-
tery stenosis is an indicator of systemic atherosclerotic changes in vital or-
gans and an important cardiovascular risk factor for stroke.

Key words: renal artery stenosis, cardiovascular risk, colour Doppler 
ultrasound, renovascular hypertension, atherosclerosis.

Introduction

Atherosclerotic renal artery stenosis (ARAS) is one of  the  most 
common causes of  secondary hypertension [1–5]. Atherosclerosis is 
a  systemic disease, and it usually develops in various organ systems. 
Atherosclerosis leading to ARAS, is the most common primary disease 
of  the  renal arteries [6]. In a  clinical setting, ARAS, hypertension, and 
ischaemic complications, are variously combined [7, 8]. The interactions 
between ARAS, cardiovascular risk, and mortality are complex and not 
fully researched [6]. The concomitant presence of hypertension and renal 
ischaemia constitutes high cardiovascular risk [7, 8]. Atherosclerotic renal 
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artery stenosis is also part of a significant finan-
cial burden on any healthcare system [9]. Signifi-
cant ARAS is recognized when there is over 60% 
narrowing of the arterial lumen [10]. However, 
despite optimal pharmacological management 
or invasive intervention, patients with significant 
ARAS have a  higher risk of  acute cardiovascular 
episodes than individuals without renal stenosis. 
This group is characterized by more frequent oc-
currence of heart failure (HF), myocardial infarction 
(MI), stroke and death for any reason [11–23]. How-
ever, so far, few studies have included patients with 
non-significant renal artery stenosis (NS-RAS), and 
none of the reviewed studies included NS-RAS di-
agnosed by ultrasound. Some authors concluded 
that NS-RAS may increase cardiovascular risk and 
mortality, but only a limited spectrum of cardiovas-
cular events was assessed [11, 24].

The main aim of  the  study was to assess ret-
rospectively the  cardiovascular events in patients 
with non-significant (NS-RAS) and significant 
(S-RAS) renal artery stenosis when compared to 
patients without renal artery stenosis. The  RAS 
narrowing was diagnosed by colour Doppler ultra-
sound (CDU). In the study, we analysed the signifi-
cance of diagnosing NS-RAS for cardiovascular risk.

Material and methods

All consecutive patients (n  =  2113) who under-
went CDU (from 3 January 2005 to 22 December 
2008) in a university hospital were initially qualified. 
The study included persons with CDU visualization 
of the renal arteries on both sides, or with an artery 
visible to one of the kidneys, as well as patients with 
renal artery visualized to the solitary kidney.

The exclusion criteria were as follows: kid-
ney transplantation, previous invasive treatment 
of abdominal aortic aneurysm and/or RAS. The pa-
tients who qualified for the  study were divided 
into 2 groups depending on the RAR result. During 
qualification, significant asymmetry of the kidney 
length (difference equal to or greater than 15 mm) 
and failure to visualize one of  the  renal arteries 
were taken into account. An artery that could not 
be visualized on the side of a significantly small-
er kidney was classified as an  occluded artery. 
The S-RAS group included patients with RAR great-
er than or equal to 3.5 in at least one renal artery 
and patients with ultrasound features of  an  oc-
cluded artery. Patients with RAR above 1 but less 
than 3.5, in at least one renal artery, were included 
in the NS-RAS group. The control group consisted 
of patients with RAR less than or equal to 1 in both 
renal arteries [25].

During the qualification for individual groups, 
basic demographic data were collected from 
the CDU reports. From the National Health Fund 
(NHF), statistics related to the reasons for hospi-

talization and percutaneous coronary angioplasty 
(PTCA) were obtained (available information about 
events until 31 December 2013). The  data gath-
ered included the  following: dates of  hospital-
ization and the number of the Diagnosis-Related 
Group (DRG) to which the patient was qualified, 
as well as a  list of medical procedures in the  In-
ternational Classification of  Procedures (ICD-9). 
The  data received from the  NHF also included 
mortality reports. The  analysis of  NHF data pro-
vided details about the  following reasons for 
hospitalization: heart failure (HF), acute coronary 
syndrome (ACS), and stroke. The  first reported 
hospitalization for each reason was analysed for 
every patient. In addition, medical procedures 
such as PTCA were included. Cardiovascular 
events were classified based on the  reasons for 
hospitalization. Heart failure was identified by 
DRG codes: E52, E53, and E54, ACS: E10, E11, E12, 
E13, E14, E16, E17 and E18, stroke: A48, A49, and 
A50. PTCA procedures were classified according 
to the ICD 9 and were characterized by the codes 
36.091, 00.661, and 00.66.

Statistical analysis

All results were evaluated for normality of 
distributions with the  Shapiro-Wilk test. The 
mean age and parameters from the  Doppler 
study were compared by the  Kruskal-Wallis 
test, and post-hoc analysis was carried out with 
the Mann-Whitney test due to abnormal distri-
bution. Quantitative variables were analysed 
using the chi-square test for all groups, followed 
by pairs analysis using the Bonferroni correction. 
The survival function for individual endpoints in 
the  subgroups was determined using the  Ka-
plan and Meyer method. The  Cox proportional 
hazard analysis was conducted in individual 
RAS subgroups, corrected for age and gender. 
Mortality analysis was censored right-sided at 
the end of the study, the remaining endpoints at 
the end of the study or at the death of the pa-
tient. The significance level was assumed to be 
p < 0.05. Statistical calculations were performed 
using the R package (version 3.0.2, R-core Team, 
R Foundation for Statistical Computing, Vienna, 
Austria, https://www.r-project.org).

The Bioethics Committee at the  Medical Uni-
versity of Warsaw issued a statement on 18 Oc-
tober 2011, number KBO/40/11, and approved the 
study.

Results

A total of 2059 patients qualified for the study 
(Figure 1); 1016 women and 1043 men, median 
age was 54 years (IQR 37–66). Significant steno-
sis or obstruction of the renal artery (S-RAS) was 
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found in 112 people (5.4%), while in 313 patients 
(15.2%) renal artery stenosis was estimated as 
NS-RAS, and in 1634 patients (79.4%) there was 
no evidence of stenosis of the renal artery (control 
group). The detailed characteristics of the groups 
are presented in Table I.

The NHF data on the causes of hospitalization 
recorded 351 hospitalizations due to cardiovascu-
lar events, such as HF (133 events), ACS (111), and 
stroke (80).

Patients with NS-RAS, compared with the con-
trol group, were characterized by more frequent 
hospitalizations due to stroke. In the NS-RAS group 
hospitalizations because of stroke were found in 
22 patients, and in the control group there were 
49 hospitalizations (7.0 % vs. 3.0 %; HR  =  1.77; 
95% CI: 1.05–2.97; p = 0.032) (Figure 2). 

Analysis of the remaining causes of hospitaliza-
tion showed no statistically significant differences 
between the NS-RAS group and the control group 
for HF 25 vs. 85 hospitalizations (8.0% vs. 5.2%; 
HR = 0.92; 95% CI: 0.59–1.46; NS), and for ACS 24 
vs. 74 hospitalizations (7.7% vs. 4.5%; HR = 1.24; 
95% CI: 0.78–2.00; NS) (Figure 2).

In the  group of  patients with S-RAS, a  higher 
risk of hospitalizations due to HF was found when 
compared to the control group. In the S-RAS group 
18 hospitalizations were secondary to HF, and in 
the  control group there were 85 hospitalizations 
because of  HF (16.1% vs. 5.2%; HR  =  2.19; and 
95% CI: 1.32–3.65; p = 0.002) (Figure 2). 

Analysis of  the  remaining causes of hospitali
zation showed no significant differences between 
the S-RAS group and the control group, including 
stroke 5 vs. 49 (4.5% vs. 3.0%; HR = 1.09; 95% CI: 
0.43–2.74; NS) and ACS 8 vs. 74 (7.1% vs. 4.5%; 
HR = 1.17; 95% CI: 0.56–2.44; NS) (Figure 2).

Among the studied patients, PTCA procedures 
were performed in 79 individuals. There were no 
significant differences when comparing the  fre-
quency of  PTCA in the  S-RAS group (4 proce-
dures) and the NS-RAS group (20 procedures) to 
52 procedures in the control group (3.6% vs. 3.2%; 
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Table I. Renal artery stenosis in the study groups

Patients Male/Female,  
n (%)

Median age 
[years] (IQR)

Unilateral stenosis,  
n (%)

Bilateral stenosis,  
n (%)

One kidney, 
n (%)

Occlusion,  
n (%)

S-RAS 45/67** (40/60) 60.5* (51–70) 68 (60.7) 15 (13.4) 2 (1.8) 27 (24.1)

NS-RAS 111/202* (35/65) 62.5* (52–72) 146 (46.6) 157 (50.2) 10 (3.2) 0

Control 887/747 (54/46) 51 (33–63) 0 0 45 (2.8) 0

*P < 0.0001, **p < 0.05 – compared to the control group. NS-RAS – non-significant renal artery stenosis, S-RAS – significant renal artery 
stenosis.

Figure 1. Qualification for the study

Figure 2. Comparison of reasons for hospitalization 
in the group with non-significant renal artery ste-
nosis (NS-RAS) and significant renal artery stenosis 
(S-RAS). CG – control group. *P < 0.01, **p < 0.05
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HR = 0.84; 95% CI: 0.30–2.35; NS; 6.4% vs. 3.2%; 
HR = 1.62; 95% CI: 0.95–2.77; p = 0.07).

The data from the NHF showed the occurrence 
of  120 deaths among the  studied patients. Of 
these, 71 deaths occurred in the  control group, 
22 deaths occurred in the  S-RAS group, and 27 
deaths occurred in the NS-RAS group. The compar-
ison with the control group, adjusted for age and 
gender, showed a statistically significantly higher 
death rate in the S-RAS group when compared to 
the control group (19.6% vs. 4.3%; HR = 3.08; 95% 
CI: 1.91–4.98; p < 0.001). However, no significant 
difference was found between the NS-RAS group 
and the control group (8.6% vs. 4.3%; HR = 1.18; 
95% CI: 0.75–1.86; NS) (Figure 3). Over the study 
period, survival analysis showed significantly 
higher mortality in the S-RAS group compared to 
the control group and no significant difference in 
the NS-RAS group (Figure 4).

Discussion

In this study nearly 20% of  patients showed 
abnormal renal artery Doppler parameters. Sig-
nificant RAS was diagnosed in 5.4% of  patients, 
and non-significant RAS was identified in 15.2% 
of patients. To date, the frequency of RAS based 
on CDU has not been estimated in such a  large 
group of patients in the local population. In the 2 
largest studies reviewed for this discussion the in-
cidence of  RAS differed significantly. In the  De 
Mast and Beutler meta-analysis, based on 40 pa-
pers (n = 15,879), the authors found the presence 
of stenosis in 15.4% of patients [26], and Crowley 
et al. found RAS in 6.3% among 14,172 subjects 
[27]. The  incidence of  NS-RAS in this study was 
estimated at 15.1% (n  =  313) based on an  RAR 
over 1 and below 3.5. In the  available literature, 
we found no other study that estimated the inci-
dence of NS-RAS in a  large patient group based 
on CDU. Studies evaluating renal artery stenosis 
diagnosed with arteriography have shown the oc-

currence of NS-RAS at a similar frequency as in our 
study [15, 28]. 

In our study, the  incidence of  cardiovascular 
events was assessed based on data on the causes 
of hospitalization obtained from the NHF. Heart fail-
ure was the most common cause of hospitalization 
among all patients qualified for the study and was 
diagnosed in 133 people (6.5%). The more frequent 
occurrence of heart failure in patients with RAS has 
been confirmed in previous studies [17, 24].

In our study, there was a  statistically signifi-
cantly higher risk of hospitalizations due to stroke 
among NS-RAS patients compared to the  con-
trol group; such a  relationship was not found in 
the S-RAS group. Kawarada et al. assessed the fre-
quency of a history of stroke, new stroke, or tran-
sient ischaemic attack (TIA) episodes in a  group 
with RAS diagnosed based on CDU [16]. Cere-
brovascular accidents (CVA) were more common 
in the  RAS group (23.7% vs. 11.3%). Kalra et al. 
in their study presented the  incidence of CVA in 
36.9% of  people with RAS vs. 12% without ste-
nosis [17]. This discrepancy is most likely due to 
the fact that the study included not only the new 
incidents, but also a history of stroke or TIA.

The cause of high prevalence of CVA among pa-
tients with RAS is the coexistence of atheroscle-
rotic plaques in many arterial locations, including 
carotid arteries. However, no studies have yet 
been identified to assess the occurrence of stroke 
in patients with haemodynamically non-signifi-
cant RAS. Demonstration of more frequent stroke 
episodes in the  NS-RAS population in this study 
have practical clinical significance. It is worth 
discussing the use in this group of  clinical man-
agement similar to that used in patients with as-
ymptomatic carotid stenosis, including a statin to 
achieve LDL levels below 70 mg/dl and an earlier 
start of antiplatelet therapy [10].

In our group, 111 hospitalizations due to ACS 
were recorded, which occurred in 5.4% of the pa-

Figure 3. Percentage of deaths in the study groups. 
CG – control group, NS-RAS – non-significant renal 
artery stenosis, S-RAS – significant renal artery ste-
nosis. *P < 0.05

Figure 4. Risk of death depending on the degree 
of renal artery stenosis according to survival func-
tion analysis using Kaplan-Maier estimator. NS-RAS 
– non-significant renal artery stenosis, S-RAS – sig-
nificant renal artery stenosis. *P < 0.05
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tients. Despite more frequent hospitalizations for 
ACS, in patients with NS-RAS and S-RAS the differ-
ence was not statistically significant. In contrast 
to this finding, previous studies have shown a sig-
nificantly higher incidence of ACS in RAS patients 
[29]. In our study, 79 PTCA procedures were per-
formed. There was a  tendency to perform more 
PTCA in the NS-RAS group compared to the con-
trol group. However, the difference was not statis-
tically significant. The results of older studies are 
not conclusive for assessment of the risk of MI or 
the need for PTCA for patients with RAS [29–31].

In the whole observation period of the 5 years 
of  follow-up, a  total of  125 deaths (6.1%) were 
recorded in the entire study group. A statistically 
higher risk of  death was found in patients with 
S-RAS, and in the NS-RAS group there was a trend 
towards higher mortality compared to the control 
group, but this was not statistically significant. 
The results of our study confirm the high mortali-
ty of patients with RAS. According to the Medicare 
registry, an analysis of 5% of random data gath-
ered in a 2-year period showed a higher mortality 
rate in patients with RAS [17]. Also, the latest ran-
domized studies showed similar mortality in both 
pharmacologically and invasively treated groups: 
in STAR within 2 years 8%, in ASTRAL within  
5 years 25.9%, in CORAL within 3.5 years 14.9% 
[32–34]. In the  cited studies, despite the  treat-
ment, the mortality was high, similarly to previous 
observations. Unfortunately, to date, there have 
been few studies assessing the  risk of  death in 
patients with haemodynamically insignificant 
RAS. In a  study by Zanoli et al., the  authors in 
a 4.5-year follow-up showed greater cardiovascu-
lar mortality in patients with RAS 10–70% com-
pared to RAS < 10% (12.7% vs. 5.6%) [24]. In oth-
er study, Safak et al. showed that mortality was 
significantly higher in patients with N-RAS below 
50% than in the  control group, similarly to that 
in the  group with RAS [11]. Although our study 
did not show significantly increased mortality in 
the NS-RAS group, there is a probability that, due 
to the tendency for higher mortality in this group, 
statistical significance could be expected in a lon-
ger follow-up.

Our study presents some typical limitations 
of  a  retrospective analysis of  health care reim-
bursement data. Information about the  cardiac 
episodes and the procedures came from the NHF 
database and corresponded to the codes of proce-
dures performed by healthcare providers, as well 
as the DRG data. Due to the limitations of the da-
tabase, the authors did not have access to the list-
ed medical data, such as medical history and 
pharmacological treatment. Another limitation 
is the  inability to differentiate RAS aetiology in 
the CDU study. There is a risk of potential bias and 

errors in the reporting of some diagnoses or pro-
cedures. The  non-randomized design is another 
limitation. 

In conclusion, patients with Doppler ultrasound 
features of haemodynamically insignificant renal 
artery stenosis had an  increased risk of  stroke.  
Patients with significant stenosis of  the  renal  
artery, confirmed by ultrasound, had higher mor-
tality and higher risk of worsening heart failure, 
compared to patients without stenosis. There 
were no significant differences in the frequency of 
hospitalization due to acute coronary syndrome 
and percutaneous coronary interventional proce-
dures, in comparison with patients without renal 
artery stenosis.

The presence of haemodynamically non-signifi
cant renal artery stenosis is an  indicator of  sys-
temic atherosclerotic changes in vital organs and 
an important cardiovascular risk factor for stroke.
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