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ABSTRACT
Introduction: Stroke is one of the largest socio medical problems of modern times. In addition 
to the third leading cause of death, it is the first cause of non-trauma disability. Numerous 
studies show a correlation of risk factors and arteriosclerotic lesions in the coronary arteries 
and carotid arteries. Patients and methods: Study was conducted at the Clinical Center Uni-
versity of Sarajevo, Clinic for Cardiology surgery, methodologically cross-sectional study and 
partly manipulative and clinical prevention study, conducted on a representative sample of 
100 patients. The subject was divided into 2 groups, coronary and non-coronary patients. 
Both groups of patients underwent color Doppler of carotid arteries, medical history and lab-
oratory analysis. Results: The results confirm the hypothesis that the critical carotid artery 
stenosis is more present in patients with coronary disease, while the association of risk factors 
has been demonstrated for diabetes, hypertension and dyslipidemia. Conclusion: Screening 
of carotid arteries in patients scheduled for coronary revascularization is essential. With the 
presence of critical stenosis of the carotid artery, surgery of carotid artery should be done be-
fore coronary revascularization. The implementation of aggressive education and prevention 
of risk factors for cardiovascular disease is needed.
Keywords: carotid artery stenosis, coronary/non coronary patients, diabetes mellitus, hyper-
tension, dyslipidemia.

1. INTRODUCTION
Now a days arteriosclerotic car-

diovascular disease are the leading 
cause of death in the World and rep-
resent the biggest problem in health 
systems in the developed World be-
cause of the cost, which is required 
for the purpose of prevention and 
treatment (1).

In Germany, it is the third most 
common cause of death, while cur-
rently in the United States there are 
about 4 million people who have 
had a stroke. Also, stroke is the most 
common cause of disability incurred. 
Only about 10% of patients fully re-
cover (2, 3).

According to the recommenda-
tions given by the “American Heart 
Association Guidelines” under as-
ymptomatic critical carotid artery 
indicated for surgical treatment, 
means the unilateral stenosis greater 
than 80% for patients with ulcerated 
plaque and patients who are sched-
uled for cardiac surgery (4).

In bilateral stenosis of carotid ar-
teries, there are different opinions 
what degree of stenosis is an indica-
tion for surgical treatment, but the 

largest number of surgeons consid-
ered that it is the presence of unilat-
eral stenosis of 65% and contralateral 
from 75-99%. These bilateral stenosis 
in most cases are with symptomatic 
character (5).

The highest percentage of patients 
who are scheduled for aortocoronary 
surgery are those with two vessel and 
three vessel coronary artery disease, 
and indications for surgical inter-
vention are stenotic changes of  the 
coronary blood vessels greater than 
70% (6, 7).

2. OBJECTIVES
The aim of this study was, that in 

patients selected for coronary angi-
ography, to determine the percentage 
of those in which critical asymptom-
atic carotid stenosis was present, and 
compare the number and correla-
tion of risk factors in coronary and 
non-coronary patients. Also on the 
basis of the results obtained and con-
sidering the problems, to set guide-
lines for the prevention of stroke and 
reducing risk factors.
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3. PATIENTS AND METHODS
The study was designed as across-sectional study, a 

part of the clinical and manipulative-prevention studies. 
The setting of the study was the Heart Center, Clinical 
Center University of  Sarajevo.

All patients who meet the requirements for inclusion 
in the study and who gave their written consent were in-
cluded in the study during the one calendar year. The pa-
tients were divided into two groups, the test group were 
patients with a positive coronary angiography finding 
and in whom surgery is indicated or cardiac interven-
tional treatment, and the other, a control group, patients 
with a negative coronary angiography and in whom con-
servative treatment is indicated.

All the patients beside the medical and family history 
and physical examination, had laboratory analysis with a 
special emphasis on the presence off at in the blood. 

After this analysis, color Duplex analysis of the carot-
id arteries with the same ultrasound machine, 
cardiovascular ultrasound Ocuson Siemens 
CV70, with linear probe of 7 MHz was done. 
Based on the committed color duplex scan of 
the carotid arteries the degree of stenosis is de-
termined, using the grading according to NA-
SCET study, which was graded so that the first 
degree of stenosis represented stenosis 0-29%, 
the second level of 30-69%, and third degree 
70-99%. 

Color Duplex scan of the carotid arteries 
was made   by the authors of the study, and con-
trolled by an independent certified ultrasound. 
Two examiners were doing the analysis inde-
pendently of one another and not know in other clinical 
and laboratory data of the patient tested.

Statistical analysis
Statistical processing are done in IBM SPSS Statis-

tics 20, Excel and STATS 2.0. We used the Kolmogor-
ov-Smirnov and Shapiro-Wilks test to examine the 
normality of distribution. Furthermore, to test the hy-
pothesis, we used the Mann-Whitney test, which tests 
the difference between the ranks and is used as an on 
parametric counter part of the t-test.

We used the t-test for measuring the difference be-
tween the two groups when it comes to parametric data. 
From the tests we have used, Chi square test to test the 
difference between the frequencies of the results, and the 
test of independent proportions, if the Chi Square test 
was not possible to implement. 

Together with the Chi square test, we used the Fish-
er’s exact test, which is quite accurate on smaller samples 
and it is high lighted in the processing of the results. 

4. RESULTS
To be able to determine what kind of tests we use 

for statistical processing for our hypothesis, we had to 
first of all examine the normality of the distribution of 
the data included in the calculation. We did the Kolm-
ogorov-Smirnov test (K-S) and Shapiro-Wilk test (S-H). 
They tested the differences between our distribution and 
mean values   of the distribution of data that have the same 

mean and certainly are arranged by the normal curve. 
If there is statistical significance, we conclude that our 
distribution results are significantly different from the 
normal distribution, and in this case we use non-para-
metric statistics. In the second case, we use parametric 
procedures.

Tests of Normality

cor. vs. noncor.
Kolmogorov-Smirnova Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

ACC 
dex. %

coronary .187 56 .000 .934 56 .004
noncoronary .269 44 .000 .814 44 .000

ACI dex. 
%

coronary .172 56 .000 .947 56 .015
noncoronary .189 44 .000 .899 44 .001

ACE 
dex. %

coronary .272 56 .000 .859 56 .000
noncoronary .270 44 .000 .843 44 .000

ACC 
sin. %

coronary .219 56 .000 .914 56 .001
noncoronary .317 44 .000 .817 44 .000

ACI sin. 
%

coronary .144 56 .006 .955 56 .034
noncoronary .154 44 .010 .926 44 .008

ACE 
sin. %

coronary .300 56 .000 .838 56 .000
noncoronary .336 44 .000 .717 44 .000

a. Lilliefors Significance Correction

Table 1. Tests of normality

Test Statisticsa

  ACC dex. 
%

ACI dex. 
%

ACE dex. 
% ACC sin. % ACI sin. % ACE sin. %

Mann-Whit-
ney U 357.500 865.000 893.500 247.000 688.000 822.500

Wilcoxon W 1347.500 1855.000 1883.500 1237.000 1678.000 1812.500
Z -6.201 -2.565 -2.486 -6.981 -3.803 -3.141

Asymp. Sig. 
(2-tailed)

.000
p<0.01

.010 
p<0.05

.013 
p<0.05

.000 
p<0.01

.000 
p<0.01

.002 
p<0.01

a. Grouping Variable: cor. vs. noncor.

Table 2. The values   of M-W test

Ranks
cor. vs. noncor. N Mean Rank Sum of Ranks

ACC dex. %
coronary 56 66.12 3702.50
noncoronary 44 30.63 1347.50
Total 100

ACI dex. %
coronary 56 57.05 3195.00
noncoronary 44 42.16 1855.00
Total 100

ACE dex. %
coronary 56 56.54 3166.50
noncoronary 44 42.81 1883.50
Total 100

ACC sin. %
coronary 56 68.09 3813.00
noncoronary 44 28.11 1237.00
Total 100

ACI sin. %
coronary 56 60.21 3372.00
noncoronary 44 38.14 1678.00
Total 100  

ACE sin. %
coronary 56 57.81 3237.50
noncoronary 44 41.19 1812.50
Total 100  

Table 3. Mean values   of ranks for M-W  tests
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All KS tests show that in our case the distributions are 
significantly different from normal value at the level of p 
<0.01, so we use non-parametric procedures, if we talk 
about the scales variables.

To determine whether there are statistically significant 
differences between coronary and non coronary patients 
when it comes to the value of stenosis of ACC, ACI and 
ACE, we will use the Mann-Whitney test (M-W), which 
is the counter part of the t-test in parametric statistics, 
but is calculated with mean ranks instead of the classic 
mean values. The Table 2. shows the values of the M-W 
test. As can be seen all the values show a statistically 
significant difference between stenosis in coronary and 
non coronary patients on the level of p<0.01 or p<0.05. 
Differences in stenosis in the location of ACC dex., ACC 
sin., ACI sin. and ACE sin. Were at the level of p <0.01, 
and the other differences were at p <0.05. All significant 
differences go in favor of coronary patients, or in oth-
er words, the value of stenosis are significantly higher in 
coronary patients.

The data in Table 3. tells us that if any of the mean val-
ues   rank is higher in coronary patients, it means that the 
value of stenosis in that position is higher in coronary 
than in non coronary patients. For example, given that 
we have proved that there is a statistically significant 
difference in the location of ACC sin. at the level of p 
<0.01and have a mean value rank for coronary patients 
of MrangK=68.09 and MrangNK=28.11, it is clear that this po-
sition have higher values   of stenosis in coronary patients, 
because the mean rank value is more than double. The 
same goes for  other statistical differences.

The above table shows that we  divided the values   of 
stenosis in six positions and in the categories of normal 
findings, moderate stenosis, severe stenosis, critical ste-
nosis and occlusion. What interests us are the values   of 
critical stenosis, frequency of occurrence and the per-
centage reporting in relation to the coronary and non 
coronary patients.

In coronary patients at three positions a value was 0%, 
which means that at these positions sufficiently large val-
ues of stenosis were not measured. In the group of non 
coronary patients we had four such positions. In essence, 
we are able to measure whether there is a statistically 
significant difference between the number of patients 
with critical stenosis in the coronary and non coronary 
groups. Data gained from the independent test of pro-
portion, saying that only between the  number of critical 
stenosis on the position ACI sin. there is a statistically 
significant difference at the level of p <0.05 between cor-
onary and non coronary patients.

The table above shows the realized frequency factors 
among coronary and non coronary patients as well as the 
corresponding values   of Chi square test and Fisher. As 
can be see nonly a statistically significant difference was 
found among patients with diabetes, dyslipidemia, and 
those with hypertension (at the level of p <0.05). Spe-
cifically, among coronary patients, there are significantly 
fewer negative screening for hypertension than among 
non coronary patients and significantly fewer of those 
with a positive screening for diabetes. 

 
Normal Moderate 

stenosis
Severe 
stenosis

Critical 
stenosis

Occlu-
sion

Row % Row % Row % Row % Row %

co
ro

na
ry

ACC dex. 37.5% 57.1% 5.4% 0.0% 0.0%

ACI dex. 17.9% 41.1% 25.0% 16.1% 0.0%
ACE dex. 91.1% 8.9% 0.0% 0.0% 0.0%
ACC sin. 28.6% 58.9% 10.7% 1.8% 0.0%

ACI sin. 16.1% 37.5% 23.2% 23.2% 0.0%

ACE sin. 91.1% 8.9% 0.0% 0.0% 0.0%

no
nc

or
on

ar
y

ACC dex. 93.2% 6.8% 0.0% 0.0% 0.0%

ACI dex. 45.5% 25.0% 11.4% 15.9% 2.3%
ACE dex. 88.6% 9.1% 2.3% 0.0% 0.0%
ACC sin. 86.4% 13.6% 0.0% 0.0% 0.0%

ACI sin. 50.0% 22.7% 20.5% 6.8% 0.0%

ACE sin. 97.7% 0.0% 2.3% 0.0% 0.0%

Table 4. Stenosis values   by categories-for coronary and non-coronary 
patients. ACC sin/dex – Artery Carotis Communis left/right;  ACI sin/dex 
-  Artery Carotis Interna left/right ;  ACE sin/dex – Artery Carotis Externa 
left/right

 

coron. vs. noncor. Tests of significance
Coro-
nary

Noncoro-
nary Hi kvadrat Fisher

Count Count Values  
(p) p

smoker

positive 
screening 35 30 1.590 

(p>0,05) p>0,05
negative 
screening 15 20

Genetic vasculi-
tis and arteritis

positive 
screening 0 0

n/a n/a
negative 
screening 50 50

hypertension

positive 
screening 42 34

4,414
(p<0,05) p<0,05negative 

screening 8 16

genetic 
stroke

positive 
screening 5 6

0,162 
(p>0,05) p>0,05negative 

screening 45 44

dyslipidemia

positive 
screening 32 24

5.239 
(p<0,05) p<0,05negative 

screening 18 26

other heart 
diseases

positive 
screening 2 3

0,547 
(p>0,05) p>0,05negative 

screening 48 47

obesity

positive 
screening 25 21

1,025
(p>0,05) p>0,05

negative 
screening 25 29

diabetes

positive 
screening 13 23

3.684
(p>0,05) p<0,05

negative 
screening 37 27

Table 5. The values   of χ2 (Chi) square and Fisher’s test with risk  factors
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None of the other factors did not show significant and 
in all other cases, we argue that there is no statistically 
significant difference between coronary and non coro-
nary patients.  

5. DISCUSSION
Coronary artery disease (CAD) is recognized as one 

of the possible causes of perioperative stroke. Age, oth-
er vascular disease, smoking, previous cerebrovascular 
events, female gender, diabetes, hypertension, carotid 
artery murmur are signals for screening. The presence 
of symptoms of carotid disease is alarming and certainly 
correlates with poor outcome, but the absence of symp-
toms is not a particular security for a good outcome. Un-
fortunately, the first symptom of carotid artery stenosis 
(CAS) in heart patients can be one of the most serious 
complications - stroke.

ACI stenosis has greater clinical significance than ACE 
stenosis. If the patient has only  ACE stenosis, endarter-
ectomy should not be done because there is no risk of 
brain infarction. Although ACI clinically is not signifi-
cant, ACE has great significance for the collateral circu-
lation as one of the most common collateral circulation is 
via branches of ACE. Large studies NASCET  and ECTS 
confirmed the great clinical significance of ACI stenosis 
that is greater than 70%. It was found that patients who 
have symptomatic ACI stenosis greater than 70%  must 
be exposed to carotid endarterectomy.

According to our results in 16 patients asymptomat-
ic critical stenosis, in which it was indicated for surgical 
intervention, was found. Ten patients from the coronary 
group and 6 patients from the non coronary group were 
operated.

In a study by Liapis and al. They showed that the in-
cidence of severe carotid stenosis in patients scheduled 
for CABG was in the range of 2.8 to 22%, depending on 
other comorbidity (8). 

The above studies confirm that our results obtained in 
whole, coincide with the published study results.

In a multicenter study, which was conducted in 1662 
patients with asymptomatic carotid artery disease, it 
was found that over 60% of asymptomatic carotid steno-
sis were indicated for surgical treatment, which in turn 
were divided into two groups, one for surgical treatment 
and the other for drug therapy. Length of follow-up was 
5 years. The results undoubtedly went in favor of surgical 
treatment of carotid stenosis because the rate of compli-
cations in terms of ICV and death in the surgical group 
was 4.1%, while in the group that was treated with medi-
cations, the complication rate was 11%, which represents 
the frequency of complications over 100% relative to the 
surgical  group (9).

Our results show that among the patients from the 
coronary group, those with moderate stenosis were 41%, 
with severe stenosis 23%, and those with critical stenosis 
16.1%, where as in the group of non coronary patients 
with moderate stenosis were 22.7%, with severe stenosis 
20.5%, and those with critical stenosis 6.8%. Most of them 
were critical stenosis in patients of middle age, while the 
representation of female was slightly ahead of the male 

population, 22% vs.17%, but not statistically significant 
differences. These correspond to the results of our study 
Cirilo et al. as well as in studies Rath et al. (10, 11).

Our results show that the degree of ACE stenosis in 
both groups was not significant, and the highest percent-
age of patients - coronary  91.1%  vs. non coronary  86.4% 
had a normal finding.

In a study by Yasaka et al., it was found that in the Jap-
anese population smoking, hypertension, low levels of 
high density lipoproteins, diabetes mellitus and hyper-
cholesterolemia are associated with atherosclerosis of 
the extracranial part of carotid arteries (12).

Smoking, as a risk factor, in our study did not differ 
than in studies mentioned before, and there are no sig-
nificant differences between the two observed groups.

As for hypertension, we found that it is significant-
ly higher in the patients with coronary heart disease 
(83.7%) compared with patients from non coronary 
group (16.3%).  Sandler et al.in their large study demon-
strated that daily variability and instability of systolic 
pressure are a most important predictor of early athero-
sclerosis on the location of common carotid artery bifur-
cation (13).

Diabetes has a negative impact on bran circulation, as 
well as on circulation of coronary and peripheral arter-
ies. Diabetic patients frequently suffer from arterioscle-
rotic changes in extracranial arteries in the neck (14). In 
patients who underwent ultrasound examination, dia-
betic patients had five times the present calcified plaques 
than patients without diabetes (15). The presence of di-
abetes in patients with a stroke is 3 times higher than in 
other patients (16), which is the risk of getting a stroke 
increased by 150% to 400% compared to patients without 
diabetes (17, 18, 19). 

Over production of triglyceride-rich lipoproteins and 
reduced clearance by lipoprotein lipase leads to hyper-
triglyceridemia, which is very common in diabetes (20). 

Interestingly, the low levels of HDL-and one of the 
characteristics for abnormalities in type 2 diabetes. Dia-
betic patients with CAD often have a combination of el-
evated triglycerides and low level of HDL than high-level 
of total LDL cholesterol (21).

Our results show that there is undoubtedly signifi-
cant correlation with association of 3 risk factors in both 
groups, hypertension, diabetes and dyslipidemia.

6. CONCLUSION
Based on the results of our work can be said that ca-

rotid disease is closely associated with coronary heart 
disease, so the early selection of patients with carotid 
artery stenosis, carotid endarterectomy treatment and 
modification of cardiovascular risk factors, is essential in 
primary and secondary prevention of a stroke. 

Asymptomatic carotid critical stenosis is present in a 
higher percentage in coronary patients. 

Evident is the presence of risk factors, but the greatest 
significance for coronary and carotid disease is complex 
of the three risk factors - high blood pressure, diabetes 
and dyslipidemia. 
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The constant control of smoking, hypertension, hy-
perlipidemia and use of antiplatelet therapy was shown 
to reduce the risk of the stroke in patients with carot-
id artery disease. Particular attention should be paid to 
screening of non coronary patients if some of the risk 
factors persist, especially if there are combined at least 3 
of the above mentioned risk factors. The focus should be 
on changing life style, but it is very important to treat hy-
pertension, increased lipids and diabetes in the preven-
tion of carotid disease. The introduction of preoperative 
carotid  arteries Colour Doppler in patients scheduled 
for operative treatment is  imperative.

• Conflict of interest: none declared.
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