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ABSTRACT
Introduction: Intima media thickness (IMT) and Resistive 
index (RI)of common carotid artery are known to reflect 
the whole body vascular system atherosclerosis. 
Hypertension is one of the major risk factors for 
atherosclerosis. There are limited numbers of studies 
assessing these parameters in hypertensive patients in 
Indian population. 

Aim: To assess and compare common carotid artery 
(CCA) Intima-media thickness (IMT) and associated 
Resistive index (RI) changes in hypertensive patients and 
normotensive subjects using high frequency ultrasound 
and colour Doppler.

Materials and Methods: Total of hundred patients were 
studied over a period of one year. Out of hundred, sixty 
were hypertensives (less than two years duration) and forty 
were normotensives. Gray scale and duplex sonography 
of carotid arteries were performed on both sides using 
high frequency transducer. IMT measurement, color flow 
mapping and RI measurement were done in both distal 

CCA. The results obtained in hypertensive patients were 
compared with that of normotensives.

Results: Common carotid artery IMT in normotensives 
was 0.50mm and 0.49 mm for the right and left sides 
respectively. RI in normotensives was 0.55 on both the 
sides. IMT in hypertensives was 0.96mm and 0.97mm 
for right and left sides respectively. RI in hypertensives 
was 0.67 on both the sides. So, Intima media 
thickness and Resistive index in hypertensives were 
significantly increased in hypertensives as compared to 
normotensives. 

Conclusion: Hypertension is a major risk factor for 
atherosclerosis. Changes in IMT as a morphological 
parameter and RI as a hemodynamic parameter may 
aid in early diagnosis of atherosclerosis of the vascular 
system. These parameters can be assessed safely, 
easily, accurately and in an inexpensive way using high 
frequency ultrasound and Doppler. Our study revealed 
that IMT and RI of CCA were significantly increased in all 
hypertensive patients compared with normotensives and 
it is ideal to assess both IMT and RI together. 
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INTRODUCTION
Hypertension is an important cause of serious cardiovascular 
diseases and premature mortality from such diseases 
[1]. Hypertension increases the risk of stroke, coronary 
artery disease and peripheral arterial disease by two-
three fold with the risk being proportional to the severity of 
hypertension [2]. Increase in Intima-media thickness (IMT) of 
an artery has been used as a surrogate marker of the early 
atherosclerotic process [3]. Atherosclerotic process starts 
in the carotids approximately at the same time as in aorta, 

actually preceding plaque occurrence in coronary arteries. 
Carotid atherosclerosis significantly correlates with extent of 
coronary artery atherosclerosis suggesting that increased 
IMT not only reflects the local morphological alterations in 
the carotid arteries but also corresponds to generalized 
atherosclerosis [4]. Non invasive techniques such as high 
resolution ultrasound imaging allow the measurement of 
combined intima and media thickness [5].

Though, it is known that atherosclerosis reduces the 
distensibility of carotid arteries, their assessment is usually 
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difficult. In contrast, the Resistive index (RI) is a hemodynamic 
parameter that is easily determined by Doppler sonography 
basically reflecting the vascular resistance, which in turn 
depends on distensibility of the vessel. So, Intima media 
thickness (IMT) and Resistive index (RI) are complementary 
to each other in assessing the atherosclerosis of vascular 
system [6]. According to many studies IMT as a morphological 
parameter and RI as a hemodynamic parameter are surrogate 
markers of atherosclerosis [6]. However, there are limited 
numbers of Indian studies using these parameters to assess 
atherosclerosis in hypertensives and comparing them with 
normotensives.

MATERIALS AND METHODS
Data for the study was collected from patients with clinical 
diagnosis of systemic hypertension of duration less than 
two years, referred to Department of Radiodiagnosis at Sree 
Balaji Medical College and Hospital, Chennai for carotid 
Doppler study. All the included patients were under medical 
treatment with anti hypertensives. Patients with diabetes and 
hypercholesterolemia were excluded by measuring blood 
sugar and lipid levels. Patients or subjects with confounding 
factors like alcohol intake and smoking were excluded from 
the study. The ethics committee of our institute approved 
this prospective case control study and an informed consent 
was taken from all the patients (cases) as well as subjects 
(controls) included in the study.

The normotensive subjects (controls) were students, patient’s 
relatives and clinical staff. The study was performed for the 
period of one year from May 2012 to May 2013. No financial 
burden was placed on the patient.

Total number of subjects selected for the study was 105 
with 65 hypertensive patients aged between 35- 55 years 
(cases) and 40 normotensives subjects (controls) of same 
age group and sex. Out of 65 hypertensives bilateral CCA 
measurements was possible in only 60 patients. 5 patients 
were excluded; three due to enlarged thyroid gland causing 
compression of CCA and 2 cases because of low bifurcation 
of CCA. Finally total number of subjects studied was 100, 
which includes 60 hypertensives (cases) and 40 normotensive 
subjects (controls). 

We used SIEMENS Acuson 2000 with 7.5-10 MHZ linear 
array transducer to image all the patients. After explaining 
the procedure to the patient, the patient was made to lie in 
supine position and chest being elevated with a pillow and the 
head being turned to the opposite side of the carotid artery 
under examination. The CCA was examined in transverse 
and longitudinal view [Table/Fig-1] starting from origin to its 
bifurcation. The IMT was defined as the distance between 
the leading edge of the lumen-intima echo and the leading 
edge of the media adventitia echo. IMT was measured at 

0.5-1 cm proximal to carotid bulb on the right as well as 
left side. Colour Doppler imaging was done for both CCA at 
0.5-1 cm proximal to carotid bulb with frequency of 3.5- 5 
MHz. Maximum Doppler angle of 60° with a sampling volume 
of approximately half of the vascular diameter  was used. 
The maximum systolic and minimum diastolic flow rates 
were determined and Resistive index (RI) was calculated 
automatically in a cycle by means of inbuilt software. All the 
examinations were done by two examiners independently 
and the IMT and RI values were obtained twice by each 
examiner. The values were analysed to derive the mean 
value for RI and IMT for all cases and controls. Chi-square 
test has been used to find the significance of proportions 
of hypertensives in different age groups. Student‘t’ test 
has been used to find the significance of Blood Pressure 
parameters and Intima media thickness (IMT) between 
normotensives and hypertensives. Mann Whitney U test has 
been used to find the significance of Resistive index between 
normotensive and hypertensives. 

RESULTS
The mean age of the 60 cases included in our study was 
43.5 years and mean age of the controls was 44 years. 
Gender distribution was about 60:40 (Male: female ratio) in 
normotensive group and about 53:47 (Male: female ratio) 
in hypertensive group [Table/Fig-2]. Both hypertensive and 
normotensive groups were nearly proportionately distributed 
in all age groups and both sexes [Table/Fig-3]. Mean systolic 
and diastolic pressure in normotensive subjects was 111/ 75 
mm Hg. Mean systolic and diastolic pressure in hypertensive 
patients was 151/ 98 mm Hg. [Table/Fig-4,5] shows the 
mean IMT and RI measurement of right side, left side and 
combined values of both sides in hypertensives and in 
normotensives. The IMT and RI in hypertensive cases were 
significantly higher on both sides. Mean combined IMT was 

[Table/Fig-1]: Gary scale longitudinal image of normal CCA.
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0.50 mm in normotensive individuals with mean right and 
left IMT measuring 0.50 and 0.49 mm respectively. Mean 
combined IMT was 0.97 mm in hypertensive patients with 
mean right and left IMT measuring 0.96 and 0.97 mm 
respectively. Mean RI was 0.56 in normotensive individuals 
and 0.67 in hypertensive patients (p-value <0.001).

DISCUSSION
An increase in the IMT of the carotid arteries measured by 
ultrasonography is considered to reflect early atherosclerosis. 
Hypertension has been recognized as a strong risk factor 
for atherosclerotic cardiovascular diseases. Even isolated 
systolic hypertension is associated with significant heart 
failure and cardiovascular mortality [6]. In a Finnish study by 
Salonen & Salonen in 1991, for each millimetre increase of 
Intima media thickness (IMT) the risk of acute coronary event 
rose 2-14 fold, although the mean follow-up was about one 
year [7]. Lemne C et al., in 1992 demonstrated increased IMT 
in hypertensives and their link with cardiovascular diseases 
[8].  The Rotterdam Study in 1997 established significant 
relationship between IMT and the risk of cerebrovascular 
and cardiovascular infarction [9].

Simons PC et al., (SMART study) in 1999 and other 
similar previous studies demonstrated reduced carotid 
distensibility along with increased IMT, with increasing 
severity of atherosclerosis [10]. However, arterial distensibility 
assessment is a relatively difficult procedure and is subject 
to significant interobserver and intraobserver variability [11]. 
Resistive index, a hemodynamic parameter easily determined 
by Doppler, reflects the vascular resistance.  Ishimura et 
al., demonstrated the correlation between the IMT of the 

[Table/Fig-2]: Demographic data of the two groups.

[Table/Fig-3]: Age distribution of normotensives and hypertensives 
(n=100).

[Table/Fig-4]: Shows effect of hypertension on Intima media 
thickness (IMT).

[Table/Fig-5]: Shows effect of hypertension on Resistive index 
(RI).

[Table/Fig-6]: Gray scale and pulsed Doppler images of Normal 
CCA IMT and RI in a normotensive subject.

[Table/Fig-7]: Gray scale and pulsed Doppler images of CCA 
showing increased IMT and RI in hypertensive patient.

[Table/Fig-8]: Gray scale and pulsed Doppler images of CCA 
showing increased IMT and RI in another hypertensive patient.
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initial atherosclerotic events in high risk patients and also in 
general public so that more vigorous preventive measures 
can be taken. Coronary calcification, increased arterial wall 
thickness and elasticity are the non invasive markers for early 
identification of  vessel wall alteration [17-19]  Of them, IMT 
and RI of CCA are suitable for such examinations since the 
Doppler sonographic properties of CCA are ideal with low-
resistance bed and a highly constant Resistive index [20, 
21]. As our study shows that significant changes in IMT and 
RI were present in cases with clinical diagnosis of systemic 
hypertension of duration less than two years, it is definitely 
possible to use these parameters as screening tools for 
identifying arterial wall abnormalities. The limitations of our 
study are smaller sample size and the smaller number of 
controls than cases. 

CONCLUSION
High-resolution sonography is a simple, safe, quick, accurate 
and non expensive method of investigation of vessel wall 
changes in atherosclerosis. IMT gives morphological infor m -
ation and RI gives hemodynamic information in atherosclerosis 
of the blood vessels. When both parameters are studied 
together they are less prone for interobserver and 
intraobserver variability and will be more accurate.  Our study 
showed that High frequency ultrasound and Color Doppler 
can be effectively used to study both IMT and RI of CCA 
together which are significantly increased in hypertensive 
patients. Our study results closely correlate with the results 
of previous Indian and Western studies and show that it is 
ideal to assess both IMT and RI together. Early identification 
of atherosclerosis using these parameters should prompt 
early incorporation of lifestyle modification in these patients, 
which would definitely help in reducing the cardiovascular 
mortality.    
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