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Introduction
The carotid arteries are the major arteries that supply the brain. 
Consequently, compromise of blood flow through it may have 
significant neurological sequelae. The vascular compromise 
can be from thickening of its wall, constriction, atherosclerosis, 
plaque formation and other morphological causes of carotid 
hemodynamic flow disturbance. Thickening of the carotid 
artery walls (intima-media thickening) is a complex process 
which depends on a variety of factors especially vascular 
hemodynamics like elevated blood pressure and changes 
in vascular wall shear stress. Other mechanisms for intima 
thickening include intima hyperplasia and intimal fibrocellular 
hypertrophy. [1] The intimal-medial thickness is sonographically 
defined by the two parallel echogenic lines (double line pattern) 
which correspond to the lumen-intima and the media-adventitia 
interfaces. [2]

Thickened CIMTs are associated with plaque formation. CIMT 
is dependent on a wide range of vascular risk factors such as 
age, gender, race, smoking, systemic hypertension, diabetes 
mellitus, body mass index, dyslipidemia and hereditary factors. 

[3,4] The intima-media thickness of the common and internal 
carotid arteries is a sensitive assessment tool which correlates 
well with the onset and severity of atherosclerosis which is 
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Abstract
Introduction: Hypertension is a major public health problem, and it is a major risk factor for 
stroke. The most important pathophysiologic mechanism for the development of stroke is the 
induction of atherosclerosis. Carotid intima-media thickness (CIMT) is a very reliable and 
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controls. The data was analyzed using SPSS version 17. Statistical tests were considered 
significant at p-value ≤0.05 at a confidence interval of 95%. Results: The mean age of the cases 
was 62.4 ± 11.8 years while that for the controls was 58.3 ± 12.5 years. The mean right and left 
CIMT were 1.02 ± 0.24 mm and 1.04 ± 0.32 mm respectively, with a range of 0.8 to 1.8 mm when 
compared to matched normotensive controls with a mean CIMT of 0.72 ± 0.15 mm and 0.76 ± 
0.14 mm on the right and left respectively, and a range of 0.5 to 0.9 mm. Conclusion: This study 
found a consistent statistically significant increase in CIMT of hypertensive adults with stroke 
when compared with normotensive controls (p<0.001). In addition, CIMT values were found 
to increase with increasing age among the normotensives.
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the single most important mechanism of development of most 
cerebrovascular accidents. [2,3] CIMT is also useful in serial 
monitoring as well as follow-up of hypertensive patients with 
stroke.

An epidemiological study established that CIMT, as measured 
by ultrasound, is a good marker of atherosclerosis and has 
repeatedly been used to predict the occurrence of stroke, 
peripheral vascular disease and myocardial infarction in 
the general population. [5] Despite these reports ultrasound 
determined CIMT is not adequately utilized even in high-risk 
groups such as in hypertensives in developing countries like 
Nigeria. Thus, complications from atherosclerosis such as stroke 
continue to impose a great burden on us, unlike the significant 
decline of its impact on developed nations.

Ultrasonography is a non-invasive, reliable and safe method for 
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evaluating CIMT in hypertensives patients with symptomatic 
carotid artery disease such as stroke. It can be used to monitor 
disease progression such that timely therapeutic interventions 
can be instituted which will lower the risk of a repeat stroke 
and other complications. The carotid artery is best appreciated 
sonologically using Doppler application and standardized 
protocol. However, the expertise for Doppler scan of the carotid 
artery is limited in Nigeria due to lack of trained personnel, 
unavailability of ultrasound machines with Doppler capability, 
lack of interest in Doppler scans, unfavorable government 
policies, poverty, long duration of completing a Doppler scan, 
amongst other reasons. However, with grey-scale ultrasound 
important vital information for the management of patients with 
hypertension and stroke can be obtained.

The aim of this study is to document grey-scale ultrasound scan 
findings in hypertensives with stroke and in normotensives. In 
addition, this study will provide some useful information in the 
early detection and in the recognition of carotid artery disease 
progression so that prompt interventions may be commenced 
(which may prevent the occurrence of a repeat stroke as well as 
other associated complications and co-morbidities).

Materials and Methods
The study is a descriptive comparative cross-sectional type 
conducted on 100 consecutive consenting hypertensive 
patients with CT evidence of stroke and 100 age-and-sex 
matched ‘controls’ who were normotensive without stroke or 
cardiovascular risk factors. This study is in compliance with the 
Code of Ethic of the World Medical Association (Declaration 
of Helsinki) for experiments involving humans. Full respect to 
human right and privacy was maintained all through the study. 
Informed consent was obtained from the study participants for 
study on human subjects, and ethical approval was granted by 
the Ethics Committee of the reference institution. History and 
duration of hypertension were obtained from the case-note or 
the patient. The participants’ age, gender and blood pressure 
were obtained prior to the ultrasound examination.

Real-time gray scale ultrasound scans were done using a 
Mindray Z5 unit (Shenzhen Mindray Bio-Medical Electronics 
Co., Ltd. China 2010) with a linear transducer of frequency 
range 7.5 to 10 MHz. The examinations were carried out with 
the patients lying supine, neck slightly extended and turned 
contralateral to the carotid artery being examined. The scans 
were done in the antero-posterior and transverse planes after the 
application of ultrasound acoustic gel.

All measurements of the intima-media thickness were made in 
the longitudinal plane at a point 1 to 1.5cm proximal to the carotid 
bulb on the far wall of the common carotid artery (CCA). Internal 
carotid artery (ICA) intima-media thickness measurements were 
taken at the far wall of the internal carotid artery 0.5 to 1cm 
distal to the carotid bifurcation. The intima-media thickness 
measurements were also taken on the far wall of the carotid bulb. 
Both sides of the patients were scanned and measured.

The intima-media thickness was defined as the distance between 

the inner echogenic line representing the intima-blood interface 
and the outer echogenic line representing the adventitia-media 
junction [Figure 1]. The measurements of the intima-media 
thickness of the common carotid, bulb and internal carotid 
arteries were taken at a site free from plaques (as plaques are 
associated with atherosclerosis). Magnification of the ultrasound 
image was used to improve the accuracy of the measurements. 
The presence and sonographic appearance of atherosclerotic 
plaques were also assessed and documented.

Figure 1: The intima-media thickness was defined as the distance 
between the inner echogenic line representing the intima‑blood interface 
and the outer echogenic line representing the adventitia‑media junction.

Data collected were analyzed using SPSS version 20 (IBM-
SPSS, Il, USA). Mean values and frequencies of observed 
variables were determined. Analysis of variation (ANOVA) 
was done. Chi-Square correlation studies were done with the 
significant level set at or below 0.05.

Results
Overall, 114 (57%) females and 86 (43%) males participated in 
the study. The sex distribution for the females and males was 
58% and 42% for the cases and 56% and 44% for the controls. 
The mean age of the cases was 62.4 ± 11.8 years with a range of 
35 to 90 years, while the mean age for the controls was 58.3 ± 
12.49 years (range of 29 to 86 years). The sex and the mean age 
differences between the cases and control were not statistically 
significant (p=0.433 and 0.062 respectively). In terms of marital 
status, those that were married were the most numerous (79%). 
Those that had tertiary education were similarly highest in 
proportion (50%) on the educational level of the entire study 
population [Table 1].

Comparison of the mean CIMT values between the cases and 
controls [Table 2] showed higher measurements in the cases 
than the controls, which was statistically significant in all 
carotid segments, p=0.001. The left CCA IMT was significantly 
higher than the measurements on the right side in both the cases 
and controls, with p-values of 0.041 and 0.006 respectively. 
Similarly, higher IMT values were also seen in the left ICA 
when compared to the right. However, it was not at a statistically 
significant level in the cases (p=0.056), but was statistically 
significant in the controls - p=0.001. In the carotid bulbs, the 
IMTs were also statistically significantly higher in the left than 
the right in the cases and also in the controls; p=0.046 Vs. 
0.003 respectively. In addition, consistently higher mean CIMT 
values were observed in the male than in the female participants 
[Table 3] and this was statistically significant in all the carotid 
measurements; all p-values were less than 0.05.
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Table 1: Social demographic characteristics of the study population.

Variables Cases 
100 (%)

Controls 
100 (%)

Total
200 (%)

Gender
Females 58 (58.0) 56 (56.0) 114 (57.0)
Males 42 (42.0) 44 (44.0) 86 (43.0)

Marital status

Divorced 3 (3.0) 2 (2.0) 5 (2.5)
Married 77 (77.0) 81 (81.0) 158 (79.0)
Single 5 (5.0) 15 (15.0) 20 (10.0)
Widowed 15 (15.0) 2 (2.0) 17 (8.5)

Educational level

None 19 (18.0) 6 (6.0) 25 (12.5)
Primary 21 (21.0) 14 (14.0) 35 (17.5)
Secondary 22 (22.0) 17 (17.0) 39 (19.5)
Tertiary 38 (38.0) 63 (63.0) 101 (50.5)

Table 2: Comparison of mean CIMT values between the cases and controls.

Variables Mean CIMT ± SD 
(mm) T-test p-value

CCA
Right 

Cases 1.02 ± 0.24 10.67 0.001
Controls 0.72 ± 0.25

Left 
Cases 1.04 ± 0.32 7.99 0.001
Controls 0.76 ± 0.14

ICA
Right 

Cases 0.72 ± 0.25 6.73 0.001
Controls 0.58 ± 0.10

Left 
Cases 0.73 ± 0.15 5.64 0.001
Controls 0.63 ± 0.11

Bulb
Right 

Cases 1.09 ± 0.04 6.57 0.001
Controls 0.78 ± 0.08

Left 
Cases 1.12 ± 0.13 5.81 0.001
Controls 0.80 ± 0.17

Table 3: Comparison of CIMT based on gender within the study population.

Variables Sex
Cases
Mean ± SD 
(mm) 

Controls 
Mean ± SD 
(mm)

t-test p-value

RCCA
Female 0.95 ± 0.05 0.66 ± 0.10 2.08 0.031
Male 1.05 ± 0.12 0.73 ± 0.05 0.99 0.037

LCCA
Female 0.99 ± 0.03 0.69 ± 0.07 1.90 0.010
Male 1.08 ± 0.11 0.78 ± 0.14 1.93 0.004

RT Bulb
Female 1.01 ± 0.18 0.72 ± 0.03 0.93 0.040
Male 1.10 ± 0.09 0.79 ± 0.26 0.88 0.008

LT Bulb
Female 1.06 ± 0.07 0.73 ± 0.04 2.17 0.013
Male 1.14 ± 0.13 0.82 ± 0.11 1.95 0.006

RICA
Female 0.69 ± 0.21 0.52 ± 0.05 2.93 0.001
Male 0.74 ± 0.05 0.61 ± 0.12 0.87 0.027

LICA
Female 0.68 ± 0.32 0.58 ± 0.09 1.39 0.008
Male 0.74 ± 0.37 0.68 ± 0.17 1.06 0.005

Correlation of the participants’ ages with IMT showed a positive 
correlation between the IMT values and ages of the cases as well 
as those of the controls bilaterally [Table 4]. This correlation 
was stronger in the controls than in the cases. A weak positive 
correlation between the duration of hypertension with the CIMT 
was not statistically significant in all the measurements.

Table 4: Correlation study of age and CIMT values for cases 
and controls, as well as with duration of hypertension of the 
participants.
Variables Artery Study groups r P-value
Age and CIMT values for cases and controls.

CCA
Right

Cases  0.185 0.035
Controls  0.439 0.000

Left
Cases  0.245 0.014
Controls  0.363 0.000

ICA
Right

Cases  0.187 0.043
Controls 0.533 0.000

Left
Cases 0.219 0.030
Controls 0.354 0.000

CIMT with duration of hypertension of the participants.
CCA Right  0.109 0.292

Left  0.169 0.101

ICA
 Right  0.137 0.186
 Left  0.053 0.616

Carotid plaques [Figure 2] were observed in 55 subjects, 
comprising 27.5% of the study population [Table 5]. The 
presence of plaques was found in 40 (20%) of the ‘cases’ 
category and in 15 (7.5%) plaques in the ‘controls’. This 
difference was statistically significant with a p-value of 0.021. 
A higher frequency of plaques was seen on the left side in 
both the ‘cases’ and ‘controls’ and the differences were at 
statistically significant levels (p =0.003 and 0.018). About 11 
(20%) participants had bilateral plaques.

Table 5: Ultrasonographic evaluation of carotid plaque frequency 
in the study population.

Variables Cases
N (%)

Controls
 N (%)

Total
N (%) P-value

Right 13 (23.6) 4 (7.3) 17 (30.9) 0.003
Left 19 (34.5) 8 (14.5) 27 (49.1) 0.018
Bilateral 8 (14.5) 3 (5.5) 11 (20.0) 0.037
Total 40 (72.7) 15 (27.3) 55 (100.0) 0.021

Figure 2: A higher frequency of plaques was seen on the left side in 
both the ‘cases’ and ‘controls’ and the differences were at statistically 
significant levels (p =0.003 and 0.018).

On localizing the plaques, the majority of the carotid plaques 
were in the carotid bulb with 28 plaques on the left and 16 on the 
right [Table 6]. There were 22 plaques in the left CCA and 16 in 
the right; while 10 plaques were in the right ICA and 7 in the left. 
There were statistically significant differences in the frequencies 
of plaque distribution between the cases and controls in all the 
carotid arteries and bulb bilaterally, with p values <0.05 [Table 
6]. Heterogenous plaques were more common in the stroke 
patients compared to the predominantly homogenous plaques 
found in the normotensive ‘controls’ which was consistent in all 
the carotid arteries [Table 7].

Discussion
There are variations in normal reference values for CIMT. 
Normal mean values of 0.66mm ± 0.18mm have been reported. 

[4] A study by Freitas et al. [6] considered a pre-bifurcation value 
of less than 0.8 mm as normal while values between 0.9-1.4 
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mm were considered as thickening. Values higher than 1.4mm 
indicated atheromatous plaque. [6] In this study, the mean CIMT 
of the hypertensive cases was significantly higher than the mean 
CIMT of the normotensive controls bilaterally. Other studies 
have shown similar changes in the CIMT of the common carotid 
arteries in hypertensives when compared to normotensive 
individuals. [4,6,7]

Table 6: Ultrasonographic evaluation of plaques in the various 
carotid segments.
Vari-
ables 

Case
N (%)

Controls
N (%)

Total 
N (%)

Chi-
square P-value

CCA Right 12 (12.0) 4 (4.0) 16 (8.0) 4.348 0.037
Left 14 (14.0) 8 (8.0) 22 (11.0) 1.839 0.017

ICA Right 8 (8.0) 2 (2.0) 10 (5.0) 3.789 0.042
Left 5 (5.0) 2 (2.0) 7 (3.5) 1.332 0.048

Bulb Right 13 (13.0) 3 (3.0) 16 (8.0) 6.793 0.009
Left 20 (20.0) 8 (8.0) 28 (14.0) 5.980 0.014

Total 100 (100.0) 100 (100.0) 200 
(100.0)

Table 7: Ultrasonographic evaluation of carotid plaque echo-
genicity in the study population.

Artery Plaque echotex-
ture

Cases 
N (%)

Con-
trols 
N (%)

Chi-
square

P-
value

CCA Right 
Homogenous 3 (3.0) 2 (2.0) 2.359 0.012
Heterogenous 9 (9.0) 2 (2.0)

Left 
Homogenous  4 (4.0) 6 (6.0) 3.867 0.036

Heterogenous 10 
(10.0) 2 (2.0)

ICA Right 
Homogenous 3 (3.0) 2 (2.0) 2.225 0.042 
Heterogenous 5 (5.0) 0 (0.0)

Left 
Homogenous 2 (2.0) 1 (1.0) 1.982 0.048
Heterogenous 3 (3.0) 1 (1.0)

Bulb Right 
Homogenous 2 (2.0) 2 (2.0) 3.984 0.017

Heterogenous 11 
(11.0) 1 (1.0)

Left 
Homogenous 6 (6.0) 6 (6.0) 4.116 0.009
Heterogenous 14 (6.0) 2 (2.0)

Furthermore, CIMT has been documented to increase 
significantly with age, males and hypertensives. [3,8] Furthermore, 
in the hypertensive cases of the index study the contribution from 
age was significantly reduced suggesting another contributor to 
the CIMT which was absent in the controls and it is probably the 
effect of systemic hypertension.

The duration of hypertension showed a weak positive 
correlation with the CIMT in the common and internal carotid 
arteries bilaterally, although not statistically significant. This 
agreed with findings in a similar study at Ibadan by Umeh et al. 

[9] The weak correlation between duration of hypertension and 
CIMT in this study may be due to recall bias or poor health-
seeking behavior (as uncomplicated systemic hypertension is 
predominantly asymptomatic which results in late presentation 
with features of complications, thus giving a spurious short 
duration of hypertension). 

There was consistently higher CIMT measurement on the 
left side when compared to the right side in both the cases 
and controls in all carotid arteries sections. This finding is in 
agreement with studies which have recorded greater CIMT on 

the left as compared to the right side. [7,10] A possible explanation 
may be due to the anatomy and hemodynamics of the left 
common carotid artery as it is a direct branch of the thoracic 
aorta resulting in different shear stress conditions that may lead 
to a faster development of atherosclerosis. [10]

In this study, higher mean CIMT values were observed in males’ 
common, internal carotid and carotid bulbs bilaterally for the 
cases and controls. This is in agreement with most studies which 
showed slightly higher values in males. [11] Reasons for this may 
be the female sex hormones are protective to the cardiovascular 
system before the onset of menopause or that female tolerates 
hypertension better than males. [11] On the other hand, this 
variation with gender among the hypertensive group was at 
variance with a study by Frietas et al. [6] in which no gender 
variation was observed.

The atherosclerotic changes responsible for increases in intima-
media thickness also lead to the formation of carotid plaques 
within the wall of vessels. This study found a predominance of 
plaques in the hypertensive stroke cases. It is consistent with 
other studies that have reported a higher incidence of carotid 
plaques in stroke patients than controls. [10,12] The commonest site 
of atherosclerotic plaques is the carotid bulb. [3,13] This is thought 
to originate from endothelial damage caused by disturbances in 
local blood flow resulting from bifurcation anatomy. [13]

It has also been documented that plaque morphology is an 
important factor in the development of embolic events, one of 
which is a stroke. [14] Plaques associated with large lipid pools 
or soft extracellular components are more prone to rupture and 
produce emboli and therefore cause symptoms. The finding of 
relatively more homogenous plaques in the non-stroke controls 
is probably as a result of homogenous plaques being stable 
plaques when compared to the heterogeneous unstable plaques 
that usually culminate in embolic phenomena. Some studies 
have shown that about a third of strokes were thromboembolic 
in origin, with carotid plaques as the embolic source. [13,14]

Among the stroke cases, there was significantly higher CIMT in 
the ischemic stroke subtype compared to the hemorrhagic and 
mixed stroke subtypes in common and internal carotid arteries 
bilaterally. However, the CIMT values in this study were lower 
than the findings by Sahoo et al. [12] who observed a mean 
CIMT of 0.798mm in patients with acute ischemic stroke. This 
difference is probably due to racial and geographical differences.

Ultrasonography can thus serve as a useful tool in the non-
invasive assessment of the carotid arteries with the intima-media 
thickness serving as a well-recognized and easily assessed 
sonographic marker of carotid atherosclerosis although other 
risk factors like metabolic syndrome and carotid blood flow 
velocity are important for risk factor stratification. [15]

Hypertension has being shown in this study to increase CIMT. 
Thickened CIMT may increase the likelihood of developing 
stroke. Hence we recommend that periodic carotid scan be done 
on hypertensive, aged and other individuals with risk factors for 
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stroke for proper stroke risk stratification. Management of these 
patients may be instituted as appropriate which may include 
hypotensive drugs, statins, niacin and other lipid-lowering 
drugs.

Limitations of this study include the fact that color Doppler and 
spectral analysis were not conducted as it’s beyond the study 
scope. In addition, it is not a cohort study as the participants were 
not followed over time. These may have provided additional 
information probably with some clinical importance but can be 
added in future studies.

Conclusion
The use of grey scale ultrasound can give insight into carotid 
disease especially when CIMT is measured and plaque sought 
out and characterized. Hence centers that do not have Doppler 
capable ultrasound may be able to do some form of carotid 
interrogation which can give some prognosis to possible 
CVA development, rather than do nothing. This can serve as 
a screening test for reference to other facilities with adequate 
carotid vascular Doppler examination.
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