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ABSTRACT 
 

Background: Stroke is one of the most important causes of mortality and morbidity in the world and about 15% of 

strokes are due to large vessels involvements such as extracranial carotid artery disease. It is possible to decline 
the risk of stroke due to carotid artery stenosis by surgical or non-surgical investigations.  
Aim: To assess the extracranial carotid artery in patients with ischemic stroke by color Doppler ultrasonography 

(CDS). 
Materials: This cross-sectional study was done to determine the prevalence of carotid artery stenosis in the 

ischemic stroke patients. The data were gathered by completing data gathering sheets and review of the patient's 
charts. The demographic data and those obtained from carotid CDS were gathered and then analyzed using Chi-
square, and Logistic Regression test.  
Results: Among 200 evaluated ischemic stroke patients, 93(47%) were male and 107(53%) were female. The 

prevalence of severe stenosis (>70%), moderate stenosis (50%to70%) and mild stenosis (<50%) was 2.5%, 
23.9% and26%, respectively. The prevalence of stenosis was 23%, 21% and 27.4% in the age groups of <50 
years, 50-70 years, and >70 years, respectively. There was no significant relationship between stenosis and 
diabetes, ischemic heart disease, hyperlipidemia, or hypertension; however, there was a significant relationship 
between age and stenosis (P=0.02)  
Conclusion: The prevalence of extracranial carotid stenosis in Iran is higher than that of most Asian studies but it 

is close to western countries’ reports.  
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INTRODUCTION 
 

Ischemic stroke refers to central nervous infarction 
diagnosed with clinical evidence of neurological deficit 
attributed to a vascular cause1. Basically, ischemic stroke is 
a major cause of disability and death worldwide. While 
extracranial carotid diseases, such as carotid occlusion, 
constitute almost 15% of such causes2-6. Studies have 
demonstrated that the prevalence of extracranial carotid 
stenosis is more than 5% from age 65 onward, and 
ultrasonography of the carotid artery for predicting an 
impending stroke is generally the most important diagnostic 
technique7. B-mode ultrasound is a non-invasive method in 
evaluation of the peripheral arteries which indicates early 
presymptomatic disease (8). In view of the relationship 
between the stenosis of carotid vessels and occurrence of 
stroke, a number of studies have been conducted in recent 
years to find a suitable method of research on carotid 
vessels. As none of these investigations had the adequate 
standards, invasive and non-invasive methods are still 
being used depending on the patient's conditions and 
consultant's discretion9. Due to its sensitivity, specific 
features, lower cost, and accessibility, the ultrasonography 
of carotid vessels continues to be a suitable method for 
determining the stenosis10.  

Hypertension, diabetes, ischemic heart disease, 
hyperlipidemia and smoking are significant risk factors of 
carotid stenosis and screening carotid ultrasonography is 
needed in subjects with many risk factors6,11,12.  
Symptomatic carotid stenosis and plaque inflammation is 
associated with increased risk of stroke recurrence13.  

The use of non-interventional and interventional methods to 
prevent the occurrence of strokes among patients who had 
shown no specific symptoms is reported to have produced 
suitable results14. 

In this study, we investigated carotid vessels 
atherosclerotic changes based on the CDS findings and the 
relationship between stenosis and risk factors in stroke 
patients. The results obtained through the research, 
conducted in one of the country's largest university centers, 
helped to identify the treatable reasons behind stroke 
including stenosis of blood vessels as well as the risk 
factors. 
 

METHODS AND MATERIALS 
 

This was a hospital-based cross-sectional study conducted 
during a six-month period between August 2010 and 
January 2011 in Shiraz Namazee teaching hospital 
affiliated with Shiraz University of Medical Sciences 
(SUMS), Shiraz, Iran. Among all ischemic stroke patients 
admitted in emergency and neurology wards diagnosed on 
the basis of medical reports, clinical examinations and 
computed tomography (CT) scans since August 2010 till 
January 2011, 200 patients were included and underwent 
ultrasonography of carotid artery. Patients with diagnosis of 
transient ischemic attack and hemorrhagic stroke were 
excluded.  

The collected demographic data included information 
about their age, gender, and risk factors such as 
hypertension (history of hypertension or systolic blood 
pressure >140 mmHg and/or diastolic pressure >90 mmHg, 
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out of the acute phase, treated or not), diabetes (history of 
diabetes or fasting blood sugar above 126 mg/dL), 
hyperlipidemia (history of hypercholesterolemia and/or 
fasting total cholesterol level >200 mg/dL or LDL >130 
mg/dL), smoking, and any records of coronary artery 
diseases. Ultrasonography of the carotid vessels was done 
by an expert radiologist using B-mode method to examine 
the anatomy. Also, blood circulation was studied by color 
Doppler sonography. Worthy of mention is that using B-
mode and color Doppler sonography together makes an 
increase in the accuracy of study.  

All data pertaining to carotid vessels ultrasonography 
were collected including the level of stenosis and its 
position as well as type of plaque in under 50, 50 to 60-
year-old and over 60 patients in both sexes and based on 
the affected area. The cases in whom the stenosis was 
lower than 50% with no effect on blood circulation were 
labeled as mild, while between 50% to 70% and over 70% 
stenosis considered as moderate and severe, respectively.   
Statistical analysis: The acquired data were assessed 

and analyzed in SPSS version16 made in USA, using Chi-
square test and Logistic Regression model. The level of 
significance was set at p<0.05. We also used descriptive 
statistics including frequency, percentage, mean and 
standard deviation. Age considered as concomitant and the 
other risk factors as discrete variables.  
 

RESULTS 
 

From total 200 studied patients, 93(47.0%) were male and 
107 (53.0%) female. The mean age of the patients was 
68±13; 68±12 for men and 68±14 for women. With regard 
to risk factors, 124 (62.0%) had hypertension, 58 (29.0%) 
had ischemic heart disease, 40 individuals (20.0%) had 
hyperlipidemia, 35 (17.5%) suffered from diabetes, 34 
(17.0%) were cigarette smokers, and 11 (5.5%) used 
hookah.   
Table 1 shows the prevalence of stenosis in patients with 
and without risk factors. Any degree of carotid artery 
stenosis was associated with the presence of hypertension, 
diabetes, hyperlipidemia and smoking. Table 2 displays the 
relationship between stenosis and risk factors. There was 
no significant relationship between stenosis and 
hyperlipidemia (p=0.91), diabetes (p=0.83), ischemic heart 
disease (p=0.30), smoking (p=0.46) or hypertension 
(p=0.17). 

Figure 1 shows the level of extracranial carotid artery 
stenosis on the basis of gender. In 43.0% of men and 
50.5% of women, no stenosis of carotid arteries was 
witnessed, and severe stenosis was seen amongst only 
2.2% of men and 2.8% of women.  

Figure 2 shows the level of extracranial carotid artery 
stenosis on the basis of age.  56.8% of people aged 60 or 

over, 46.7% of those aged between 50 and 60, and 37.5% 
of individuals less than 50 years of age had stenosis of 
carotid vessels to some degree. The results also showed 
that 37 (25.3%) of over 60 year-old patients had 50% to 
70% stenosis while for under 60s it was 10 (19.0%). 

Generally, stenosis of more than 70% was observed 
among 2.5% of the patients, while 23.9% had 50% to 70% 
stenosis and 27.0% had less than 50. Prevalence of carotid 
artery stenosis in different portion of carotid arteries is 
illustrated in figure 3. Comparison of the percentage of 
carotid artery stenosis between patients that have more 
than 50% stenosis with patients that have less than 50% 
stenosis, based on the affected site, showed no significant 
relationship in the left and right sides. (Internal carotid 
artery p=0.28, carotid bulb p=0.96, common carotid artery 
p=0.2) 

The echolucency of each plaque was determined on 
the basis of CDS findings, and hyperechoic plaques were 
seen to be higher in number on the right side in 57% of 
individuals with vessel stenosis of more than 50%, while 
hypoechoic plaques were present in 25% of such patients. 
On the left side, 60% of individuals with vessel stenosis of 
more than 50% had hyperechoic plaques and 18% of those 
patients had hypoechoic plaques. 
 
Table 1: Prevalence of carotid artery stenosis in the patients with 
and without risk factors 

Risk factor Stenosis 
(n=115) 

No stenosis 
(n=85) 

Hypertension 78(62.9%) 46(37.1%) 

No hypertension 37(48.7%) 39(51.3%) 

Hyperlipidemia 21(52.5%) 19(47.5%) 

No hyperlipidemia 94(58.8%) 66(41.3%) 

Ischemic heart disease 32(55.2%) 26(44.8%) 

No ischemic heart disease 83(58.5%) 59(41.5%) 

Diabetes 19(54.3%) 16(45.7%) 

No diabetes 96(58.2%) 69(41.8%) 

Hookah 5(54.5%) 5(45.5%) 

No hookah 109(57.7%) 80(42.3%) 

Cigarette 21 (61.8%) 13(38.2%) 

No cigarette 94(56.6%) 72(43.4%) 

Table 2: relationship between carotid artery stenosis and risk 
factors in the ischemic stroke patients 

Risk Factors P value OR*(95%CI) 
Hypertension 0.17 1.55(0.82-2.92) 

Hyperlipidemia 0.91 0.95(0.44-2.05) 

Ischemic heart disease 0.30 0.70(0.36-1.36) 

Diabetes 0.83 1.08(0.49-2.38) 

Cigarette 0.15 1.78(0.80-3.94) 

Hookah 0.21 0.41(0.10-1.68 

Age 0.02 1.02(1.03-1.04) 

Sex 0.46 0.79(0.43-1.46 

*OR: Odes Ratio, CI: Confidence Interval 
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Fig.1:  Prevalence of carotid artery stenosis by gender in the ischemic stroke patients 
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Fig.  2: Prevalence of carotid artery stenosis by age in the ischemic stroke patients  
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Fig. 3: Prevalence of carotid artery stenosis in the different portions of carotid arteries in the ischemic stroke patients  
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DISCUSSION 
 

In this study, 93 men and 107 women were included while 
57.0% of men and 49.5% of women suffered from different 
degrees of stenosis in their blood vessels. The moderate-
to-severe stenosis among men was 31.2% and it was 
21.3% for women. Serena et al, in their research in Spain, 
showed that 28% of ischemic stroke cases were related to 
carotid arteries15.  

In a research done by Ghaffarpur et al, stenosis of 
internal carotid arteries was studied and severe stenosis 
was reported in 20% of cases, while 36% suffered from 
mild stenosis and 44% had moderate stenosis16.  

In another study conducted in Taiwan, the moderate-
to-severe stenosis of internal carotid artery was reported to 
be only 8% of stroke patients, whereas the figure in 
Western countries is about 20%. In this study, the impact of 
race on the vessels' affected area was researched. They 
reported that atherosclerotic engagement of the intracranial 
vessels among Asian and Black populations was higher 
than that of extracranial ones, whereas among the 
country's white population, the engagement of extracranial 
vessels was higher17. 

In this study, the level of extracranial carotid vessels 
involvement, as compared with that of other studies 
conducted in Asia, was higher and the figures obtained 
about stenosis of the carotid vessels are closer to those in 
Western countries. This can be due to westernization of 
lifestyle in Iran in recent years. On the one hand, in view of 
the fact that to treat severe stenosis of vessels (over 70%), 
there is a need for interventions in the form of stenting or 
endarterectomy, only 2.5% of patients suffered from severe 
stenosis; if they have other criteria, one of the above 
methods of intervention ought to be adopted in order to 
treat the stenosis and reduce the likelihood of stroke in 
them.  

Furthermore, 22.5% of patients suffered from 
moderate stenosis of the carotid vessels which the chance 
of stroke recurring in them is high; thus, in addition to 
medical treatment, they should be monitored periodically 
through ultrasonography so that in case of a rise in vessel 
stenosis, some form of vessel intervention may be adopted. 

In a research carried out by Grønholdt et al, it was 
shown that there were higher risks of stroke with 
hypoechoic plaques as compared to hyperechoic ones in 
patients with more than 50% vessel stenosis18. Also, Wang 
et al showed that 55.2% of stroke patients had 
atherosclerotic plaque in their carotid blood vessels while 
37% of those plaques were unstable and could lead to 
embolic stroke without creating considerable stenosis in 
vessels19. Additionally, the research conducted by 
Espagnoli et al indicated that the stenosis level in carotid 
vessels is not by itself sufficient to identify patients with 
high risk of stroke; rather the type of plaque and its stability 
level should also be taken into account20.  
In our present research, the plaques identified on both right 
and left sides were mostly of hyperechoic type rather than 
hypoechoic. Since the formation of blood clot and 
thrombosis on the hypoechoic plaque is more likely and it is 
a predictor of recurrence of stroke11, treatment by 
antiplatelet and Statins reduced the likelihood of blood clot 
formation and subsequently the occurrence of stroke.   

In line with other studies, the prevalence of carotid 
vessels stenosis increases with advanced age5,12,21,25. In 
addition, stenosis was shown to be more prevalent among 
men (57%) than women (49.5%). 

A study done by Iemolo F et al. revealed carotid 
artery stenosis is more seen in women compared with men, 
whereas the prevalence of carotid plaque area is more 
observed in men22.  In a study conducted by Smith et al., it 
was revealed since the life expectancy of women is higher 
and incidence of stroke is more in older age, the number of 
cases in women is more than men (23). But in another 
study, it was shown that 55% of cases in USA are male 
(24). There are different criteria such as hormone effects 
and life expectancy in determination of the correlation 
between gender and carotid stenosis (26). Also, different 
types of study can be related to the difference of the 
results27,28. 

Controlling modifiable risk factors and lifestyle is 
essential for preventing stroke. Considering the fact that 
most of all stroke occurring each year are first stroke, 
individuals with risk factors can be identified for specific 
management and modification of these risk factors6. 
Suanprasert et al revealed that well-controlled risk factors 
are very important for protection of recurrent ischemic 
stroke29. 

In our study, there was a significant relationship 
between hypertension and stenosis and all the patients had 
at least one risk factor. This information helps us for policy 
purposes because it is possible that improved risk factors 
have significantly lowered the population’s stroke rate30.  

Similar to other parts of the world, investigations in 
Iran show that hypertension as a    modifiable risk factor is 
the most prevalent risk factor for stroke (17, 25, 31). It 
should be controlled either by lifestyle measures or 
pharmacological means. For improving the control of 
modifiable risk factors, a careful patient follow-up is 
required.  

In a research done by Hicks et al, smoking was 
known as a risk factor for progression of moderate 
asymptomatic carotid artery stenosis, but age, gender and 
hypertension were not significant predictors of progression 
to severe stenosis (32). In our research, the level of 
tobacco smoking was 22.5%, and smoking was ranked 
after hypertension, ischemic heart disease, hyperlipidemia, 
diabetes, therefore smoking as one of the risk factors of 
atherosclerosis has been proposed to identify high risk 
patients. 

It should be mentioned that this study was a hospital-
based study that has less accuracy in comparison to 
population-based studies. The other limitation of this study 
is inter-observer bias of evaluation of carotid 
ultrasonography and missing of some data regarding the 
patient's history.   
 

CONCLUSION 
 

The level of extracranial involvement in this study is similar 
to that of Western countries and higher than another study 
in Asia. The present study showed that in this region, as in 
other regions, hypertension is the most prevalent risk factor 
outweighing all other risk factors. In view of this issue, by 
informing the public and encouraging more precise policy-
making on the part of health officials to control those risk 
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factors especially hypertension, stenosis of carotid vessels 
and occurrence of stroke is likely to be markedly reduced. 
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