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Doppler sonography of extracranial and intracranial vessels in patients  

with thrombotic stroke 
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Abstract 
INTRODUCTION: The results of intracranial and extracranial vessel color Doppler sonography, which is now an insepa-
rable part of patient evaluation, vary in different studies. The objective of this study was to evaluate the pattern of vas-
cular involvement in thrombotic stroke and its relationship with risk factors of stroke. 

METHODS: One-hundred patients (45 males and 55 females) with thrombotic stroke underwent transcranial sonography 
and color Doppler sonography of extracranial vessels. The pattern of vascular involvement was analyzed. The risk fac-
tors of stroke were also evaluated. 

RESULTS: Forty-seven percent of the studied individuals had some variations in their color Doppler sonography of ex-
tracranial vessels, 27% had changes in the intracranial vessels and 26% showed changes in both. The most frequently 
involved vessels among the intracranial and extracranial vessels were the middle cerebral artery and the internal carotid 
artery, respectively. The pattern of vascular involvement was unrelated to hypertension, cigarette smoking, diabetes 
mellitus, dyslipidemia or history of ischemic heart disease. Extracranial involvement in patients with positive history of 
MI was more prevalent than in those without such history. 

CONCLUSIONS: Extracranial vessel involvement in thrombotic stroke was found to be more prevalent than intracranial 
vessel involvement in the city of Rafsanjan; however, intracranial vessel involvement was more prevalent than in west-
ern countries. 

KEY WORDS: Thrombotic stroke, color Doppler sonography, intracranial vessels, extracranial, cerebrovascular risk fac-
tors 
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troke is a heterogeneous disorder with 
different etiologies and symptoms. The 
most common etiology of stroke is the 

obstruction of cerebral arteries due to throm-
bosis or emboli 1. In the first 6 hours after 
stroke, Doppler sonography and angiographic 
images can show the obstruction of large ves-
sels in 70% of the patients 2,3. Emboli are the 
common causes of obstruction and their 
sources are mostly proximal to large arteries, 
aorta or the heart. In 66% of these patients, the 
 

source of emboli is atheromatous disease of 
middle cerebral, basilar, vertebral, carotid, in-
tracranial or extracranial arteries. In 5-8% of 
the patients with obvious signs of large vessel 
involvement in the anterior circulation, the in-
volvement is within the intracranial vessels, 
whereas in posterior circulation involvement, 
intracranial artery disease reaches 30% 2,4.
Nowadays, transcranial Doppler sonography 
(TCD) and sonography of extracranial arteries 
are inseparable components of evaluation of  
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the patients with stroke 5. The applications of 
this method in the evaluation of stroke are as 
follows: 
1. Diagnosis of vasospasm following subarach-

noid hemorrhage. 
2. Diagnosis of stenosis and obstruction of in-

tracranial and extracranial arteries in 
ischemic stroke and TIA. 

3. Monitoring the intracranial hemodynamic 
changes and the emboli during carotid en-
darterectomy. 

4. Monitoring cerebral circulation in neurology 
intensive care centers 6.

5. Finding the mechanisms responsible for 
stroke in subacute ischemic stroke 7.
Investigations indicate that the severity and 

distribution of cerebral vessel involvement are 
different among various races and areas; e.g. it 
has been reported that small intracranial ves-
sels are more involved in Asian and Chinese 
races than in the western and white races, 
whereas involvement of extracranial vessels is 
more common in the white race 8-10. Given the 
prevalence of stroke, especially thrombotic 
stroke, and in view of the difference between 
the involvement of intracranial and extracra-
nial vessels, this study was designed and per-
formed to assess the frequency of involvement 
of different vessels in thrombotic stroke and 
any possible association with age, sex and car-
diovascular risk factors.  

Methods 
This cross-sectional study was performed on 
105 patients with thrombotic stroke in Ali-Ebn-
Abitaleb Educational and Therapeutic Center. 
Sampling was conducted consecutively during 
a 6-month period. All patients who had throm-
botic stroke based on MRI results were re-
ferred to the cardiologist. All suspected cases 
of emboli were excluded according to patient 
history, physical examination, echocardiogra-
phy and electrocardiogram. Only patients di-
agnosed with thrombotic stroke based on the 
above procedures remained in the study. 
 A radiologist performed carotid Doppler 
sonography of extracranial vessels. Where in-
dicated, a TCD sonography was also per-

formed on patients entering the study using a 
TCD (DWL) system, between the second and 
the third weeks of admission. Five patients 
were excluded owing to technical problems. 
Information on the age, sex, cigarette smoking, 
hypertension, dyslipidemia, diabetes mellitus, 
cardiovascular events, ischemic heart disease 
and the use of contraceptive pills was also ob-
tained. The data were statistically analyzed 
using SPSS. 

Results 
Out of 100 patients studied, 45 were men and 
55 women. The average ages of men and 
women were 64.5 and 67.2 years, respectively, 
with no statistically significant difference.  
 The most frequent site of lesion in throm-
botic stroke was the occipital lobe (34%). Other 
sites of lesion were the parietal lobe (17%), the 
temporal lobe (16%), and the frontal lobe 
(12%), in the order mentioned (table 1). 
Twenty-one percent of the patients had more 
than one site of involvement.  
 Statistical information on the prevalence of 
stroke risk factors was as follows: hypertension 
(69%), history of ischemic heart disease (43%), 
cigarette smoking (39%), history of previous 
stroke (33%), dyslipidemia (30%), diabetes 
(24%), and taking oral contraceptive pills (13% 
of women). Based on carotid Doppler and tran-
scranial Doppler sonography, 47%, 27%, and 
26% of patients had some changes of circula-
tion in their extracranial, intracranial, and both 
extracranial and intracranial vessels, respec-
tively (table 2). The most commonly involved 
intracranial and extracranial vessels were mid-
dle cerebral (37%) and internal carotid (55%) 
arteries, respectively. According to statistical 
analyses, there was no association between the 
prevalence of the involved vessels and the pa-
tients' age and sex. There was also no associa-
tion between the pattern of vascular involve-
ment and cardiac risk factors (hypertension, 
smoking, dyslipidemia, history of heart disease 
and taking oral contraceptive pills), however, 
the history of cerebrovascular accident had an 
association with the pattern of vascular in-
volvement, i.e. 66.7% and 3% of individuals 
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with a history of stroke revealed involvement 
of extracranial and intracranial vessels, respec-
tively. However, among patients without a his-
tory of stroke, 37.4% and 38.8% showed extrac-

ranial and intracranial involvement, respec-
tively (P<0.001). In other cases not indicated 
here, intracranial and extracranial vessels were 
commonly involved  

 
Table 1. Frequency rate of involved vessels according to the location of thrombotic stoke  

in 100 patients. 

Total 
 

More than 
one lobe 

Parietal Temporal Occipital Frontal Site 

27 6 5 7 7     2 Intracranial Vessels 

47 9 10 7 19     2 Extracranial Vessels 

26 6 2 2 8 8 Intracranial or 
Extracranial Vessels 

100 21 17 16 34 12 Total 

Table 2. Frequency of involved vessels in 100 thrombotic patients with stoke. 

Discussion 
TCD sonography can provide a rapid non-
invasive image of blood circulation in the main 
cranial arteries. The specificity and sensitivity 
of this method for diagnosis of homodynamic 
disorders and stenosis depend on technical 
problems and the location to be assessed. For 
instance, the specificity and sensitivity of TCD 
are 90-99% for detection of obstruction or 
stenosis of middle cerebral artery, which is 
technically easier to diagnose. The specificity 
and sensitivity of TCD for the intracranial part 
of the basilar arteries are 90-99% and 70-80%, 
respectively 6. However, specificity, sensitivity 

and positive predictive value for Doppler 
sonography of the carotid artery were reported 
at 92.3%, 91.4% and 86.4%, respectively 11. In 
this study, hypertension, ischemic heart dis-
ease and cigarette smoking were the major 
stroke risk factors. Extracranial vessels were 
mainly involved in patients with a history of 
stroke. In a study performed in China, athero-
sclerosis was more severe in intracranial ves-
sels than in extracranial vessels. The distal 
branches of the intracranial vessels were also 
commonly involved. In the same study, hyper-
tension and diabetes mellitus, cigarette smok-
ing, and ischemic heart disease were found to 

Number (100) Vessels 
27 
37 
17 
17 
8

Intracranial Vessels   
- middle cerebral artery 
- anterior cerebral artery 
- posterior cerebral artery 
- ophthalmic cerebral artery    
 

47 
10 
55 
42 
0

Extracranial Vessels 
- Common carotid 
- internal carotid 
- external carotid 
- basilar artery 

 
26 Intracranial or Extracranial Vessels 

 
66 More than one artery 
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be associated with intracranial vessel involve-
ment, extracranial vessel involvement, and in-
volvement of both vessels, respectively 9. In 
another study conducted in Japan, involve-
ment of the extracranial vessels increased be-
tween 1963 and 1989, but involvement of the 
intracranial vessels remained unchanged. 
Meanwhile, extracranial vessels were more 
frequently involved in diabetic patients. The 
study concluded that the increased involve-
ment of extracranial vessels was due to an in-
crease in the prevalence of diabetes mellitus 10.

Other studies have also highlighted the rela-
tionship between race and pattern of vascular 
involvement. Extracranial and intracranial ves-
sel involvement (especially the middle cerebral 
artery) have been cited as the main etiologies 
of ischemia in the white race and Asians, re-
spectively 12,13.

The pattern of involvement in young indi-
viduals with ischemic stroke is somewhat simi-
lar to that of old patients. In a study conducted 
on the individuals under 45 year old with 
ischemic stroke, 225 had involvement of intrac-
ranial vessels and the carotid artery. 
 Hypertension and diabetes mellitus were 
the most important cardiovascular risk factors 
for ischemic stroke in individuals above the 
middle age 14,15. Our study and others previ-
ously mentioned were performed on patients 
with stroke. Intracranial vessel involvement is 
more common in individuals with no past his-
tory of stroke, but exposed to its risk factors. In 
a study conducted on symptomatic and as-
ymptomatic individuals with risk factors of 
ischemic stroke who underwent carotid Dop-

pler sonography and TCD, the intracranial 
vessels were mainly involved in both groups 
16. It should be noted that an abnormal TCD 
result is important for diagnosis of vascular 
disorders; however, a normal result does not 
exclude such disorders 17. The negative predic-
tive value of this procedure is inadequate, al-
though it has a good positive predictive value. 
Nonetheless, during the acute phase of stroke, 
disorders of blood circulation may be attribut-
able to the hemodynamic changes induced by 
stress and the size of infarction, and may be 
unrelated to the real pathologic lesions on the 
arterial walls 8. Furthermore, circulation veloc-
ity is known to decrease with age, hence 
hemodynamic changes could also be influ-
enced by aging 18. Therefore, the results of this 
study suggest that the pattern of vascular in-
volvement in thrombotic stroke is not associ-
ated with age, sex and risk factors such as ciga-
rette smoking, diabetes mellitus and hyperten-
sion; this should be noted in the assessment of 
cerebral vessels in patients with stroke.  
In conclusion, extracranial vessels are more 
frequently involved in thrombotic stroke than 
intracranial vessels in the city of Rafsanjan, but 
intracranial vessel involvement in this region is 
more prevalent than in the West. 
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