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Abstract:  

Background: Stroke is defined as an abrupt onset of neurologic deficit due to vascular cause.  It is one of the 

leading causes of mortality and morbidity all over the world making early diagnosis and treatment inevitable.  

Objective: The present study highlights the importance of Doppler sonography in acute ischemic stroke 

patients through surveillance of atherosclerosis.  

Materials and methods: This cross-sectional study was conducted in the Department of Radiology and 

Imaging, Mymensingh Medical College Hospital, from September 2016 to February 2018. It included 52 stroke 

patients referred for CT scan evaluation. Patients meeting the inclusion criteria were selected, while those 

meeting exclusion criteria were omitted.  

Results: The mean age was 62.48±8.74 years (range: 35–85), with a male-to-female ratio of 1.4:1. Among 34 

hypertensive patients, 72.5% had stenosis, and 70% had atherosclerotic changes. Family history was positive 

in 16 (30.8%) cases, with 7 (20%) showing atherosclerosis. Diabetes was present in 11 (21.1%) patients, with 

7 (17.5%) exhibiting stenotic changes. Increased CIMT was observed in 30 (57.7%) patients, with bilateral 

involvement in 16 (53.3%) cases. Arterial plaques were found in 24 (46.2%) patients, most commonly at the 

bifurcation (54.2%). Echogenic plaques (58.3%) were predominant. Stenosis was present in 40 (76.9%) 

patients, affecting the right side in 17 (42.5%), left in 11 (27.5%), and bilaterally in 12 (30%). Most cases (85%) 

had <50% stenosis, while 12.5% had >50% stenosis, and 2.5% had near occlusion. Atherosclerosis was 

detected in 35 (67.3%) patients, with 31 also having stenosis (statistically significant). Hypertension and 

hyperlipidemia showed significant associations with stenosis (p<0.05). 

Conclusion: Anterior circulation stroke was more common, with the MCA territory being the most affected. 

Hypertension and diabetes were the most prevalent risk factors, while hypertension and hyperlipidemia 

correlated most with stenosis. Carotid bifurcation was the most common plaque site, with echogenic plaques 

being predominant.  
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1. INTRODUCTION 

Stroke is acute onset of focal neurological deficit 

lasting over 24 hours with no apparent cause 

other than vascular origin. The cut-off of 24 

hours in the definition excludes transient 

ischemic attacks.1 Stroke is classified according 

to its aetiology into either ischemic stroke (85%) 

or haemorrhagic stroke. Strokes are 

thromboembolic in nature in about 80% of cases 

and the embolus comes from the carotid plaque.2 

Carotid standard angiography is a gold standard 

for evaluation of severity of carotid disease, yet 

there are limitations in the form of invasive 

technique and cost effectiveness, which limit its 

use. It carries a risk of contrast medium to 

patients along with certain morbidity. 

Most common imaging investigation performed 

worldwide for the help of diagnosis of carotid 

disease is Doppler USG. This modality is slowly 

becoming the sole exam done prior to surgery. 

The panelists estimated that up to 80% of patients 

in the US undergo carotid endarterectomy 

following a USG exam as the sole preoperative 

imaging study. Thus, it is imperative that data 

supplied by the USG exam be reliable and 

reproducible.3 

Carotid sonography is unique among vascular 

imaging examinations in the assessment of 

plaque position and consistency. Plaque features 

detected by carotid Doppler may be useful in 

selecting medical and surgical therapy.4 Carotid 

ultrasonography plaques were described in many 

different ways in the previous conducted research 

studies. In this study, we took into consideration 

the morphology, position of the plaque, as well 

as its characteristics. Plaque characteristics such 

as echogenic, hypoechoic or calcified and 

ulcerated or smooth or any intraplaque 

haemorrhage were noted. lntraplaque 

haemorrhages inside the carotid plaques lead to 

frank ulceration and significant luminal 

narrowing by quick progression5 the most 

common site for plaque formation is the carotid 

bifurcation.6 This is due to the fact that here there 

is sudden and sudden alteration in the speed and 

direction of blood in the bulb region leading to 

increase in stress faced by the arterial walls and 

thus more susceptible to getting damaged.7 

Correlation of carotid artery stenosis with other 

risk factors such as diabetes mellitus, 

hypertension, hyperlipidemia, smoking and age 

was confirmed by thorough clinical history, 

laboratory investigations and clinical 

examination of the patients.8 

Aherosclerosis in hypertension is due to repeated 

endothelium trauma and ultimately leads to 

plaque formation as well as growth of plaque. 

Diabetes mellitus is a proven significant risk 

factor. Plasminogen activator antigen and 

plasminogen activator inhibitor-I have been 

shown to have significant correlation with 

ischemic stroke in diabetic patients.9 

Progressive atherosclerotic disease results into 

pathological intimal thickening, fibrous cap 

atheroma and plaque formation.  Early detection 

helps to control the disease in patients who are at 

risk.10 Duplex sonography combining high-

resolution imaging and Doppler spectrum 

analysis has proved to be a popular, noninvasive, 

accurate, and cost-effective means of detecting 

and assessing carotid disease. 

The present study highlights the importance of 

Doppler sonography in stroke patients through 

surveillance of various risk factors that 

predisposes a person to cerebral ischemia. In 

future routine screening of high-risk patients is 

necessary to prevent the occurrence of stroke. 

2. MATERIALS AND METHODS 

This was cross-sectional study carried out in the 

Department of Radiology and Imaging, 

Mymensingh Medical College Hospital, 

Mymensingh from September, 2016 to February, 

2018 (18 months). The study was included about 

52 patients of either sex with stroke, are referred 

to the department of Radiology and Imaging, for 

CT scan evaluation. All the admitted patients 

with stroke at the department of medicine & 

neuromedicine in Mymensingh Medical College, 

Hospital. Among them those was selected for this 

study who would fulfill the inclusion criteria and 

some were excluded from this study if they 

followed the exclusion criteria. After taking 

consent including parents, detail history was 

taken. History about any other complication also 

was taken and noted in questionnaire. Detailed 

clinical examination was carried out. Then CT 

scan was performed in Radiology & Imaging 

Department. If CT scan feature shows ischemia 

or infarction then color Doppler of carotid 

arteries was done. Carotid arteries were 

examined with patient in the supine position. 

Neck exposure was enhanced by tilting and 

rotating the head away from the side being 

examined, and ipsilateral shoulder being dropped 

as far as possible. The examiner was seated at the 
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right side of the patient. The posterolateral and 

far posterolateral transducer positions were used 

to examine the carotid arteries in long axis 

(longitudinal). Short axis (transverse) views of 

the carotid arteries were obtained from an 

anterior, lateral or posterolateral approach. All 

the examinations were performed by the same 

operator with a Doppler angle of 60°.On gray 

scale, presence or absence of plaque, location of 

plaque and plaque characteristics such as echo 

pattern, calcification, any ulceration or intra-

plaque haemorrhage were evaluated. On Doppler 

study, PSV of CCA and ICA were evaluated. 

Criteria used for measuring percentage of 

stenosis in our study: ICA/CCA PSV ratios. 

3. RESULTS 

The study included 52 patients, with a mean age 

of 62.48 ± 8.74 years (range: 35–85 years) (Table 

I). The majority of patients (55.8%) were in the 

56–65 age group, followed by 21.2% in the 66–

75 age group. Males constituted 59.6% of the 

study population, while females accounted for 

40.4% (Table 1).  

Among the study patients, hypertension was the 

most prevalent risk factor (65.4%), followed by 

hyperlipidemia (32.7%) and smoking (32.7%). 

Diabetes mellitus was present in 21.7%, and 

30.8% had a family history of cardiovascular 

diseases (Table 2). Ultrasonographic assessment 

of intima-media thickness (IMT) revealed an 

increase in 53.3% of patients in both common 

carotid arteries (CCA), 30% in the right common 

carotid artery (RCCA), and 16.7% in the left 

common carotid artery (LCCA) (Table 3). 

Plaques were identified in 24 patients with the 

most common location being the carotid 

bifurcation (54.2%), followed by the internal 

carotid artery (ICA) (29.1%) and the CCA 

(16.7%) (Table 4). Atherosclerosis was present in 

35 patients with 40% having involvement in the 

RCCA, 22.8% in the LCCA, and 37.2% in both 

CCA. Carotid stenosis was found in 40 patients, 

predominantly in the right ICA (42.5%), 

followed by the left ICA (27.5%) and both ICAs 

(30%) (Table 5). Among the 40 patients with 

stenosis 85% had stenosis of less than 50%, while 

12.5% had stenosis greater than 50%, and 2.5% 

had near-total occlusion (Table 6). 

Hyperlipidemia was significantly associated with 

carotid stenosis (p < 0.05), while diabetes 

mellitus, hypertension, smoking, and family 

history did not show statistically significant 

associations (Table 7). Hyperlipidemia was 

significantly associated with atherosclerosis (p < 

0.05), whereas diabetes mellitus, hypertension, 

smoking, and family history showed no 

significant association (Table 8). Atherosclerosis 

and stenosis were significantly associated (p < 

0.05), indicating that patients with 

atherosclerosis are more likely to develop carotid 

stenosis (Table 9). 

Table 1.  Distribution of study patients age and sex (n=52) 

Characteristics  Number of the patients  Percentage (%) 

Age in years    

35-45 1 1.9 

46-55 8 17.3 

56-65 29 55.8 

66-75 11 21.2 

76-85 2 3.8 

Total  52 100.00 

Mean±SD 62.48±8.74  

Range  35-85  

Sex   

Male  31 59.6 

Female  21 40.4 

Total  52 100.0 

Table 2. Distribution of study patient by risk factors (n=52) 

Clinical variables  Number of patient  Percentage (%) 

Hypertension  34 65.4 

Diabetes mellitus  11 21.7 

Hyperlipidemia  17 32.7 

Family history  16 30.8 

Smoking  17 32.7 
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Table 3. Measurement of intima-media thickness of the study patient (n=52) 

USG Number of patient  Percentage (%) 

Increased in RCCA 9 30 

Increased in LCCA 5 16.7 

Increased in both CCA 16 53.3 

Absent  22 73.3 

Table 4. Distribution of plaque according to location (n=24) 

Arterial plaque  Number of patient  Percentage (%) 

Present in CCA 4 16.7 

Present in Bifurcation  13 54.2 

Present in ICA 7 29.1 

Table 5. Measurement of atherosclerosis (n=35) and carotid stenosis (n=40) 

 Number of patient  Percentage (%) 

Atherosclerosis    

Present in RCCA 14 40.0 

Present in LCCA 8 22.8 

Present in both CCA 13 37.2 

Stenosis    

Present in RICA 17 42.5 

Present in LICA 11 27.5 

Present in both ICA 12 30.0 

Table 6. Distribution of study patient according to percentage of stenosis (n=40) 

Stenosis Number of patient Percentage (%) 

<50% 34 85.0 

>50% 5 12.5 

Near occlusion 1 2.5 

Table 7. Relation between risk factors and carotid stenosis (n=40) 

 Stenosis  P value  

Present  Absent  

DM 

Present 

Absent 

   

7 4  

>0.05*ns 33 8 

Hyperlipidemia 

Present 

Absent 

   

16 1  

<0.05*s 24 11 

Family history 

Present  

Absent  

   

10 6  

>0.05*ns 30 6 

Smoking 

Present 

Absent 

   

13 4  

>0.05*ns 27 8 

Hypertension 

Present 

Absent 

   

29 5  

<0.05*ns 11 7 

Table 8. Relation between risk factors and atherosclerosis (n=35) 

 Stenosis  P value  

Present  Absent  

DM 

Present  

Absent  

   

24 7  

>0.05*ns 11 10 

Hyperlipidemia  

Present  

Absent  

   

16 1  

<0.05*s 19 16 
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Family history  

Present  

Absent  

   

7 9  

<0.05*ns 28 7 

Smoking  

Present  

Absent  

   

12 5  

>0.05*ns 23 12 

Hypertension  

Present  

Absent  

   

28 6  

<0.05*ns 7 11 

Table 9. Relation between atherosclerosis and stenosis  

Atherosclerosis  Stenosis  P value  

Present  Absent  

Present  31 4  

<0.05*ns Absent  9 8 

4. DISCUSSION 

Stroke or cerebrovascular disease is an important 

formidable health problem globally. 

Approximately one- third of acute cases have a 

fatal outcome. Doppler sonography is a safe, non-

invasive, accurate and less time consuming 

method of diagnosing carotid stenosis. The 

present study highlights the importance of 

Doppler sonography in stroke patients through 

surveillance of various risk factors that 

predisposes a person to cerebral ischemia. In 

future routine screening of high risk patients is 

necessary to prevent the occurrence of stroke. 

A total of 52 patients in the department of 

Radiology & Imaging of Mymensingh Medical 

college Hospital (MMCH), Mymensingh with 

symptomology of stroke referred from outpatient 

department or hospital indoor patients during 

September, 2016 to February, 2018(18 months) 

for the purpose of CT scan of brain and diagnosed 

as infarction were enrolled in this study. The 

present study findings were discussed and 

compared with previously published relevant 

studies. 

In the present study, most stroke patients (55.8%) 

belonged to the 56–65 years age group, with a 

mean age of 62.48 ± 8.74 years. Haq et al.⁸ found 

a similar trend, with most patients in the 51–60 

years group (34%), followed by 61–70 years 

(28%). Shaha et al. (2016) also reported the 

highest incidence in the 51–60 and 61–70 years 

groups (34% each), followed by 41–50 years 

(18%), >80 years (8%), and 71–80 years (6%). 

Fernandes et al.⁵ observed the highest incidence 

in the 60–69 age group (32%), followed by 70–

79 years (26%). 

Male predominance was noted in the present 

study (59.6%), consistent with findings by Shaha 

et al.¹¹ (84% males), Lernolo et al.¹² (2.5% 

females), and Haq et al.⁸ (60% males). 

Laterality distribution was equal on right and left 

sides (19 each), with 14 bilateral cases. In 

contrast, Baidya et al.³ found left-sided lesions in 

52% of patients. Anterior circulation strokes 

were more common in our study, consistent with 

Haq et al.⁸. 

Hypertension was the most prevalent risk factor 

(65.4%) and showed strong correlation with 

atherosclerosis and stenosis. Mean systolic BP 

was 142.41 mmHg in males and 148.57 mmHg 

in females, similar to Sethi et al.¹³ (139.3 mmHg 

in males, 142.8 mmHg in females). Dhamija et 

al.¹⁴ also emphasized hypertension as a key risk 

factor. 

Hyperlipidemia was found in 32.7% and, along 

with hypertension, showed strong correlation 

with atherosclerosis—consistent with Garg et al.¹⁵. 

Diabetes mellitus was seen in 21.2% of patients; 

7 had stenosis. Unlike our findings, Sethi et al.¹³ 

reported 8 of 16 diabetic patients with <40% 

stenosis, and 3 with >40% or occlusion. 

Family history was positive in 30.8%, aligning 

with Shaha et al.¹¹ (38%) and Reddy et al.¹⁶ 

(38%). 

A CIMT cutoff of 0.09 cm was used, in line with 

Polak et al.¹⁷ and Jadhav et al.¹⁸ who identified 

>0.8 mm as early atherosclerotic change. 

Plaques were most common at the bifurcation 

(54.16%), followed by ICA (29.16%) and CCA 

(16.66%). This is consistent with Sethi et al. 

(2004), Rajagopal et al.¹⁹, and Garg et al.¹⁵, all 

identifying bifurcation as the most commonly 

involved site due to flow disturbances. 
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Plaque characteristics such as echogenicity, 

calcification, ulceration, and intraplaque 

hemorrhage were evaluated. Most plaques in the 

present study were echogenic and smooth, with 

no ulceration or hemorrhage. This is consistent 

with Haq et al.⁸ who found echogenic plaques on 

the right side in 55.2% and left side in 55% of 

cases. Pasupuleti et al.²⁰ also found similar results 

with moderate echogenic plaques being most 

common. 

In this study, 35 patients had atherosclerotic 

changes, of which 31 had stenosis—a statistically 

significant relation. Similar association was 

shown by Howard et al.²¹ across all ages. 

Regarding stenosis severity, 34 (85%) had <50%, 

5 (12.5%) had >50%, and 1 (2.5%) had near 

occlusion. This aligns with Garg et al.¹⁵ and 

O'Leary et al.²² who found mild stenosis was 

most prevalent and severe stenosis less common. 

Robinson et al.²³ and Erickson et al.²⁴ describe 

features of complete occlusion, including absent 

pulsation, echogenic filling, reduced vessel size, 

and no Doppler signals. The near occlusion case 

in our study met these criteria. 

Doppler findings showed that an ICA/CCA PSV 

ratio <1.8 indicates <50% stenosis; >1.8 suggests 

>50%; >2.6 implies >60%; and >3.7 indicates 

>80% stenosis. Grant et al.⁹ noted ratios between 

2.0–4.0 for 50–69% stenosis and >4.0 for >70%. 

NASCET found endarterectomy beneficial for 

stenosis ≥60%. In our study, PSV ratio >1 

indicated <50% stenosis, >2 for 50–69%, and >3 

for >70%. Haq et al.⁸ also used similar criteria, 

finding 40% of patients with <50%, 14% with 

50–69%, 6% ≥70%, and 18% with significant 

stenosis >60%. In our findings, 34 (65.38%) had 

<50%, 3 (5.76%) had 50–69%, 2 (3.84%) had 

>70%, and 1 had near occlusion. 

These findings confirm the utility of carotid 

sonography in identifying plaque morphology 

and stenosis in high-risk individuals. Most 

patients were aged 55–65, indicating that 

screening should be considered in individuals 

above 50 with risk factors. 

Study limitations include its hospital-based 

nature at a government institution, possibly 

underrepresenting higher socioeconomic groups. 

Short duration, small sample size, and operator 

dependency of Doppler ultrasonography also 

limit generalizability. Hence, results may not 

reflect the broader population. 

5. CONCLUSION  

In the present study, anterior circulation stroke 

was more common than posterior circulation 

stroke with MCA territory being the most 

prevalent site of ischemic stroke. Hypertension 

and diabetes were most prevalent risk factors for 

stroke. Hypertension and hyperlipidemia showed 

maximum positive correlation with stenosis. 

Most common site of plaque was carotid 

bifurcation. Echogenic plaques were most 

commonly noted. Doppler sonography is a safe, 

non-invasive, accurate and less time consuming 

method of diagnosing carotid stenosis. The 

present study highlights the importance of 

Doppler sonography in stroke patients through 

surveillance of various risk factors that 

predisposes a person to cerebral ischemia. In 

future routine screening of high risk patients is 

necessary to prevent the occurrence of stroke. 
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