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ABSTRACT
Introduction: Stroke is the second most common cause of 
death worldwide. Among 20-30% of all ischaemic infarcts are 
caused by carotid artery stenosis. Computed Tomography 
Angiography (CTA), Magnetic Resonance Angiography (MRA), 
Digital Subtraction Angiography (DSA) and duplex imaging 
are the available modalities for evaluation of extracranial 
atherosclerosis. Duplex imaging for Carotid Intima-Media 
Thickness (CIMT) and plaque evaluation in carotid vessels is a 
good screening tool for atherosclerosis. No prevalence study 
for carotid atherosclerosis is available in Indian population.

Aim: To determine the prevalence of asymptomatic 
atherosclerotic plaques and asymptomatic critical stenosis at 
carotid bifurcation in individuals of 20-70 years of age. 

Materials and Methods: The present prospective consecutive 
cross-sectional study was carried on 250 volunteers (125 males 
and 125 females) in the 20-70 years age group with no history 
of TIA/cerebral ischaemic stroke with 50 subjects in each 

decade. The carotid arteries of volunteers were screened by 
duplex imaging. Descriptive and inferential statistical analysis 
was carried out by statistical software SPSS 15.0. Results on 
categorical measurements were presented in Number (%).

Results: Overall prevalence of carotid plaque was 14% in 
20-70 years of age. Prevalence of plaque in Common Carotid 
Artery (CCA), Internal Carotid Artery (ICA) and External Carotid 
Artery (ECA) was 4%, 10% and 0.4% respectively. Plaque 
prevalence was 2%, 4%, 2%, 24% and 38% in age groups of 
20-30 years, 31-40 years, 41-50 years, 51-60 years and 61-70 
years respectively. Prevalence of percentage stenosis was 2% 
for 50-69% stenosis and 0.4% for >69% stenosis. 

Conclusion: In the present study, the overall prevalence of 
Carotid plaque was 14% and prevalence of percentage stenosis 
was 0.4% for >69% stenosis. So screening of asymptomatic 
population for carotid atherosclerosis is not recommended in view 
of low prevalence rate of significant stenosis and the management 
will remain same based on standard preventive therapy.

INTRODUCTION
Stroke is the second most common cause of death and fourth most 
common cause of disability in world [1]. It is the most common cause 
of disability, second most common cause of dementia and third most 
common cause of death in developed nations [2]. In India, Stroke has 
already attained epidemic with annual incidence of 13 per lac in 1969-
70 and 145 per lac per year during 2003-05 and 2005-06 [3-5]. An 87% 
of these strokes are ischaemic and most of these ischaemic strokes 
are due to embolization from an atherosclerotic plaque [6,7]. It has 
been found that 20-30% of all ischaemic infarcts are caused by carotid 
artery stenosis and stenosis of >69% of carotid vessels is a well-known 
risk factor for stroke and are treated with endarterectomy [8,9]. Since, 
atherosclerosis is the main cause of stroke and it can remain silent 
over several decades, it is very important to identify them in subclinical 
stage to have better knowledge of the disease progression and early 
institution of preventive measures [10]. Furthermore, it is important to 
know the degree of carotid stenosis for stroke evaluation. Angiography 
by CT, MRI, digital subtraction angiography and duplex imaging are the 
available modalities for evaluation of extracranial atherosclerosis [8]. 
Duplex imaging for CIMT and plaque evaluation in carotid vessels is a 
good screening tool for atherosclerosis. As far as author’s knowledge, 
no prevalence study is available in Indian population. This prompted 
us to measure prevalence of asymptomatic atherosclerotic plaque at 
carotid bifurcation between 20-70 years of age. The study was done 
in wide range of age groups to know in which age groups preventive 
measures should be initiated. The present study may form baseline 
for many studies in future on carotid atherosclerosis, age of onset of 
carotid atherosclerosis, recommendation for carotid screening in target 
population, estimated workload for endarterectomy surgery etc.

MATERIALS AND METHODS
The present prospective consecutive cross sectional study was 
done in a tertiary care hospital in Bangalore (India) from February 
2013 to February 2014 after clearance from hospital Ethical 
Committee and informed written consent from volunteers. These 
volunteers were patients and their relatives reporting to hospital for 
unrelated disease and were of diverse ethnic group. 

No prior information on prevalence was available and hence assumed 
maximum prevalence of 50% yielding maximum sample size with 
95% confidence interval and 7% error of margin the required sample 
size was 196. However, we included 250 volunteers (125 males, 
125 females) in the 20-70 years age group with no history of TIA/
cerebral ischaemic stroke with 50 subjects (25 males, 25 females) 
in each decade.

Ultrasonographic scanning was performed with the subject in the 
supine position. A duplex ultrasound system (Logiq P5 GE health 
care) was used, with a linear transducer with 7.5-MHz scanning 
frequency in B-mode and 5-MHz scanning frequency in colour 
doppler mode. The carotid arteries were explored with longitudinal 
and transverse scans. CCA, ICA and ECA was evaluated on grey 
scale, colour doppler and spectral doppler. The CIMT was measured 
in CCA, ICA and ECA with in 2 cm of carotid bulb as shown in 
[Table/Fig-1]. IMT of 0.9 or more was taken as increased CIMT. 
Plaque was said to be present if 2 of the 3 criteria’s were present 
viz., Abnormal wall thickness (defined as CIMT >1.5 mm), abnormal 
shape (protrusion into the lumen, loss of alignment with adjacent 
arterial wall boundary) and abnormal wall texture (brighter echoes 
than adjacent boundaries) [11,12]. If plaque was detected then it 
was evaluated for location of plaque in CCA/ICA/ECA, percentage 
stenosis of corresponding vessels by area on grey scale images 
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[Table/Fig-2]:	 Showing % stenosis by area measurement.

[Table/Fig-2] and stenosis was classified as <50%, 50-69%, >69% 
stenosis [Table/Fig-2] [8].

[Table/Fig-1]:	 Showing right CCA IMT measurement in a 65-years-old male.

STATISTICAL ANALYSIS
Descriptive and inferential statistical analysis were carried 
out by Statistical software SPSS 15.0. Results on categorical 
measurements were presented in Number (%). Significance was 
assessed at 5% level of significance. A p-value <0.05 was taken 
as significant.

The assumption was made that dependent variables are 
normally distributed. Chi-square was used to find the significance 
of study parameters on categorical scale between two or more 
groups.

RESULTS
The present study showed that overall prevalence of plaque was 
14% {95% Confidence Interval (CI)=10.01-18.72} out of which 
4% (95% CI= 2.04-7.01) was in CCA, 10% (95% CI= 6.72-14.19) 
in ICA and only 0.4% (95% CI= 0.02-1.95) in ECA. The average 
CIMT in right and left CCA, ICA and ECA in males and females 
are shown in [Table/Fig-3,4]. The prevalence of plaque was 2%, 
4%, 2%, 24% and 38% in age group of 20-30 years, 31-40 
years, 41-50 years, 51-60 years and 61-70 years respectively 
[Table/Fig-5]. An 18.4% of males (23 out of 125) had plaque 
while only 9.6% of females (12 out of 125) had plaque which 
was statistically significant (p-value=0.05). Gender distribution of 
plaques in different age groups are shown in [Table/Fig-6]. The 
prevalence of percentage stenosis caused by plaque is depicted 
in [Table/Fig-7]. The distribution of percent stenosis in different 
age group has been shown in [Table/Fig-8]. The distribution of 

Age groups
<50% stenosis 

(n=35)
50-69% stenosis 

(n=35)
>69% stenosis 

(n=35)

20-30 yrs 1 (2.86%) 0 (0%) 0 (0%)

31-40 yrs 2 (5.71%) 0 (0%) 0 (0%)

41-50 yrs 1 (2.86%) 0 (0%) 0 (0%)

51-60 yrs 10 (28.57%) 2 (5.71%) 0 (0%)

61-70 yrs 15 (42.86%) 3 (8.57%) 1 (2.86%)

Total 29 (82.86%) 5 (14.29%) 1 (2.86%)

[Table/Fig-8]:	 Showing distribution of percentage stenosis of plaques in different 
age groups.

Age 
groups

Right 
CCA 
(mm)

Left 
CCA 
(mm)

Right 
ICA 

(mm)

Left ICA 
(mm)

Right 
ECA 
(mm)

Left ECA 
(mm)

20-30 yrs 0.49 0.5 0.4 0.43 0.32 0.36

31-40 yrs 0.54 0.56 0.5 0.49 0.39 0.39

41-50 yrs 0.7 0.68 0.63 0.53 0.43 0.39

51-60 yrs 0.79 0.8 0.76 0.7 0.47 0.43

61-70 yrs 0.9 1.05 0.77 0.8 0.47 0.47

[Table/Fig-3]:	 Showing average Carotid Intima-Media Thickness (CIMT) in right 
and left Common Carotid Artery (CCA), Internal Carotid Artery (ICA) and External 
carotid Artery (ECA) in males.

Age 
groups

Right 
CCA 
(mm)

Left 
CCA 
(mm)

Right 
ICA 

(mm)

Left ICA 
(mm)

Right 
ECA 
(mm)

Left ECA 
(mm)

20-30 yrs 0.49 0.49 0.42 0.40 0.34 0.29

31-40 yrs 0.62 0.6 0.47 0.48 0.38 0.36

41-50 yrs 0.62 0.6 0.57 0.54 0.38 0.36

51-60 yrs 0.61 0.66 0.56 0.6 0.41 0.4

61-70 yrs 0.76 0.8 0.62 0.67 0.38 0.41

[Table/Fig-4]:	 Showing average Carotid Intima-Media Thickness (CIMT) in right 
and left Common Carotid Artery (CCA), Internal Carotid Artery (ICA) and External 
carotid Artery (ECA) in females.

Plaques
Age in years

20-30 years 31-40 years 41-50 years 51-60 years 61-70 years

No 49 (98.0%) 48 (96.0%) 49 (98.0%) 38 (76.0%) 31 (62.0%)

Yes 1 (2.0%) 2 (4.0%) 1 (2.0%) 12 (24.0%) 19 (38.0%)

Total 50 (100.0%) 50 (100.0%) 50 (100.0%) 50 (100.0%) 50 (100.0%)

[Table/Fig-5]:	 Distribution of presence of plaques in different age groups. Preva-
lence of plaques is significantly more associated with higher age with p<0.001**.

Age groups Males (n=35) Females (n=35) p-value

20-30 yrs 1 (2.86%) 0 (0 %)

31-40 yrs 0 (0%) 2 (5.71%)

41-50 yrs 1 (2.86%) 0 (0%)

51-60 yrs 7 (20%) 5 (14.29%) 0.055

61-70 yrs 14 (40%) 5 (14.29%) 0.032

Total 23 (65.7%) 12 (34.3%) 0.045

[Table/Fig-6]:	 Showing gender distribution of plaques in different age groups.

Stenosis %

Plaques: Overall

Overall prevalence of 
% stenosis (n=250)

Percentage of plaques 
causing %stenosis (n=35)

No stenosis 215 (86.0%) 0

<50.0% 29 (11.6%) 29 (82.9%)

50-69% 5 (2%) 5 (14.3%)

>69.0% 1 (0.4%) 1 (2.9%)

Total 250 (100.0%) 35 (100.0%)

[Table/Fig-7]:	 Showing prevalence of percentage stenosis caused by plaques.

percentage stenosis of plaques in males and females is shown 
in [Table/Fig-9].
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DISCUSSION
The study was performed to measure CIMT by Ultrasonography 
(USG) and to determine the prevalence of atherosclerotic plaque 
at carotid bifurcation. USG was taken as modality for evaluation 
as it is non-invasive, cost effective, safe, easily available and all 
Radiologists are well versed with technical proficiency to perform 
the present study. The present study included 20-70 years age 
group population to find the age distribution of plaques.

The CIMT is a well-described surrogate marker for cardiovascular 
disease and increased CIMT has been associated with higher 
incidence and higher prevalence of CHD and stroke [13,14]. Further, 
statins, which reduce major adverse cardiovascular events, have 
been shown to stabilise and regress CIMT [13]. In the Cardiovascular 
Health Study, CCA IMT greater than 0.87 mm and ICA IMT greater 
than 0.90 mm were associated with a progressively increased risk 
of cardiovascular events. It was also found that for each 0.20 mm 
increase in CCA IMT, the risk increased by approximately 27%. 
For each 0.55 mm increase in ICA IMT, the risk increased by 
approximately 30% [14].

Katamadze N et al., on British population in 2013 found that the 
mean values of CIMT in CCA were 0.82±0.15 mm in males and 
0.79±0.13 mm in females while in ICA it was 0.88±0.42 mm in 
males and 0.77±0.27 mm in females [15].

Mannami T et al., in their study on Suita population of Japan found 
that CIMT in 50 to 79 years was 0.92±0.13 mm for men and 
0.89±0.11 for women [16]. On the other hand, the CIMTs in the 
population aged 40 to 79 years of the asymptomatic carotid artery 
progression study were 0.91±0.22 mm and 0.92±0.24 for left CCA 
and 0.92±0.22 and 0.92±0.23 for those of the right CCA for males 
and females respectively [17]. On the other hand, the CIMTs in the 
Atherosclerosis Risk in Communities (ARIC) cohort were 0.84±0.26 
mm and 0.75±0.21 for the left CCA of men and women and 
0.82±0.26 and 0.76±0.22 for the right CCA of men and women, 
respectively [18]. The present study shows that the average CIMT 
in Indian population is less than average CIMT of above mentioned 
studies. The less CIMT in our population may be due to less 
cardiovascular risk factors compared to above population however 
the present study clearly shows that CIMT progressively increases 
with age and Increased mean CIMT was noted in 61-70 years age 
group in both males and females.

The present study population had total 35 volunteers with plaque. 
The overall prevalence of plaque was 14%. The prevalence of 
plaque was 2%, 4%, 2%,24% and 38% in age group of 20-30, 31-
40, 41-50, 51-60 and 61-70 years respectively from which it is clear 
that as the age progresses, the prevalence of plaque increases. 
Atherosclerosis is a complex slowly progressive disease which starts 
in early teenage years and progresses over decades [8]. Studies have 
shown that atherosclerosis begins as early as infancy [19]. Various 
morphological observational studies have shown that the plaque 
develops due to continuous progression of an uncomplicated fatty 
streak. The associations with risk factors as well as topographic 
distribution of fatty streaks and plaques are almost same [20]. 
The present study shows the prevalence of 2% plaques at 20-
30 years age group which means onset of atherosclerosis from 
transformation from fatty streak is before 20 years. The point to note 
here is that in 41-50 years age group, the plaque prevalence was 
just 2% while at 51-60 years it was 24% and 61-70 years age group 
it was 38%. The sudden rise in plaque prevalence at fifth decade 
of life needs to be evaluated to initiate early preventive measures 

to avoid atherosclerotic related Cerebrovascular Accidents (CVA), 
Coronary Heart Disease (CHD) and Peripheral Vascular Diseases 
(PVDs). Similar findings were noted in the MONICA project carried 
out in Augsburg which showed that the prevalence of plaque is 
strongly correlated to age (increasing trend in both sexes, P <0.001) 
and the process of establishing plaques starts in men earlier than in 
women (p<0.01) [21]. In a population study by Maria TM et al., on 
>16 000 people, 90% of subjects with severe carotid lesions were 
>55 years of age [22].

Prati P et al., in their study found that the global prevalence of carotid 
atherosclerosis was 25.4% in men and 26.4% in women [23]. The 
present study revealed plaque prevalence as 18.4% in males and 
9.6% in females in Indian population which clearly reveals that there 
is significant higher no of carotid plaque in males than females. 
The study by Magyar MT et al., also revealed higher prevalence of 
carotid stenosis in men which was 1.2% than women of 0.7% in 
>60 years age group [22].

Mannami T et al., in their study on Suita population of Japan 
Indicated that 4.4% of their subjects aged 50 to 79 years, had a 
stenosis level >50% [16]. In contrast, as part of the MONICA project 
carried out in Augsberg on 1388 male and female subjects, >75% 
stenosis was observed in only 0.6% of the participants aged 25 to 
64 years, whereas Colgan MP et al., reported that only 4% of 348 
participants had stenosis >50% and only 1% had stenosis >80% 
[21,24]. In the Framingham Study, 8% of the 1189 members of 
the cohort aged 66 to 93 years had stenosis of ≥50% [25]. Based 
on various population-based studies and the accuracy of carotid 
duplex ultrasonography, the estimated prevalence of Carotid artery 
stenosis of 60%-99% in the general population older than age 65 
years is about 1% [26]. The present study shows that 14.3% of total 
plaque has resulted in 50-69% stenosis and 2.9% had resulted in 
>69% stenosis. However, overall prevalence of percentage stenosis 
is 11.6% for <50% stenosis, 2% for 50-69% stenosis and was only 
0.4% for >69% stenosis.

A meta-analytical study which included various studies published 
from 1966 to 2003 in which digital subtraction angiography was 
taken as reference standard reported that duplex ultrasonography 
has sensitivity and specificity of 98% and 88% respectively for CAS 
of 50% or greater while for CAS of 70% or more, the sensitivity 
and specificity was 90% and 94% respectively [27]. It clearly 
indicates that duplex ultrasonography is a good tool for evaluation 
of carotid. But due to low prevalence of CAS in general population, 
the possibility of false positive results will be much higher in general 
population based study [27].

United States Preventive Services Task Force (USPSTF) found that 
although there is overall reduction of strokes by 3.5% if Carotid 
Endarterectomy (CEA) surgery is performed by expert surgeons 
in a selected group of patients as compared to outdated medical 
management but in case of asymptomatic population with CAS, 
the difference in overall reduction of stroke by modern medical 
management and surgery will be much lower [27]. Furthermore, 
there are no evidence that identification of asymptomatic CAS will 
be of any help in changing the treatment policy beyond standard 
medical therapy for CVS disease prevention [27].

USPSTF also found that the diagnosis as well as treatment of CAS 
can cause harms. The identification of carotid stenosis by screening 
procedures will lead to multiple diagnostic tests and unnecessary 
interventions which may lead to serious harms. The 30-day stroke 
or mortality associated with CEA is approx. 2.45% to 5% in various 
centers [27]. Post CEA Myocardial infarctions are reported to be 0.8% 
to 2.2%. The 30-day stroke or mortality rate after carotid angioplasty 
and stenting is also around 3.1% to 3.8%. Thus, the overall associated 
harms of screening asymptomatic carotid artery followed by 
interventions are more than expected benefit. In view of above, it was 
concluded in 2014 by USPSTF with moderate certainty that the harms 
of screening for asymptomatic CAS outweigh the benefits [27].

Age groups <50% stenosis 50-69% stenosis >69% stenosis

Males 18 4 1

Females 11 1 0

Total 29 5 1 

[Table/Fig-9]:	 Showing distribution of percentage stenosis of plaques in males 
and females.
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Our study was done in only 250 volunteers and shows prevalence of 
>69% stenosis as only 0.4%. Many studies by different societies have 
shown that there is no benefit in treatment of patient by CEA and risk 
is high as compared to benefit by CEA [6,27,28,29]. So detection 
of carotid stenosis will lead to unnecessary investigation in patients 
without any benefit. Therefore till further scientific study available to 
substantiate significant benefits of screening, screening for carotid 
atherosclerosis is not recommended in asymptomatic population. 
However, clinicians dealing with high cardiovascular risks cases have 
the option to use carotid doppler study in selected cases.

Limitation
The study was conducted on limited sample size in a relatively 
healthy  volunteers where socioeconomic and education status were 
not  taken which can affect the plaque prevalence. Ultrasonography 
is user dependant which can affect the prevalence study and plaque 
analysis. 

CONCLUSION
Although, overall prevalence of carotid plaque is 14% and most 
of these lies in ICA but >69% stenosis is present only in 0.4% of 
general population. The plaque prevalence is 24% and 38% in 
age groups of 51-60 years and 61-70 years respectively showing 
higher prevalence in advancing age which is statistically significant 
(p<0.001). Presently, the risk of treatment is more than expected 
benefit. Screening of carotid in asymptomatic population will lead 
to unnecessary investigations, increased workload on health care 
system, legal issues, increased expenditures and apprehension for 
patients and may even harm the patients by these unwarranted 
investigations or surgeries. So screening Carotid Doppler study 
in asymptomatic population is not recommended in present 
scenario and standard preventive treatments based on traditional 
cardiovascular risk factors can be offered till scientific knowledge 
available to substantiate benefits of screening.
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