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ABSTRACT

Aim: To determine the relationship of carotid plaque, intima media thickness (IMT), resistivity index (RI) and pulsatil-
ity index (PI) and prevalence of different risk factors with acute ischemic stroke and stroke subtypes in both diabetic
and non-diabetic subjects. Materials and Methods: 80 cases of acute ischemic strokes and 40 healthy controls were
included in the study. The plaque, IMT, Rl and Pl were measured by carotid duplex ultrasound. Results: 31 subjects
were Type 2 diabetic, 54 hypertensive while 25 were both diabetic and hypertensive. 23 cases (28.75%) had lacunar
stroke (LACI), 32 (40%) stroke involving partial anterior circulation (PACI), 10 (12.5%) stroke in posterior circulation
(PACI) and 15 (18.75%) stroke involving total anterior circulation (TACI) respectively. The mean IMT(0.88 + 0.19 mm),
RI(0.76 = 0.05) and PI(1.71 + 0.19) of patients and mean IMT(0.6 + 0.09 mm), RI(0.61 + 0.06) and PI(1.53 + 0.11) of
controls were statistically significant (p-0.000). The mean values of IMT, Pl and RI were significantly higher in diabet-
ics (IMT-0.90 £ 0.16 vs 0.64 + 0.11, p-0.013; PI-1.76 + 0.20 vs 1.49 + 0.09, p-0.000 and RI-0.76 + 0.04 vs 0.59 £ 0.06,
P-0.000) and similarly the mean values for IMT, Pl and RI in hypertensives as compared to controls (IMT-0.88 £ 0.16
vs 0.65 £ 0.10, p-0.006; PI1 1.69 + 0.18 vs 1.49 + 0.09, p-0.000 and RI 0.76 + 0.04 vs 0.59 + 0.06, p-0.000). The mean
IMT, PI and RI were increased significantly in smokers compared to controls (IMT-0.93 + 0.20 vs 0.63 + 0.06, p-0.000;
P1-1.82 + 0.22 vs 1.49 + 0.09, p-0.000 and RI-0.77 + 0.04 vs 0.59 * 0.06, p-0.000). Type 3 plaque accounted for 27
(56.2%) cases and Type 2 plaque 12 (25%) cases. The total number of plaques in patients as compared to controls were
significantly more (p-0.0034) and the mean plaque area was 46 mm? for cases and 20 mm? for control (p-0.0001). TACI
was the most common type of ischemic stroke seen in DM (60%), HTN (66.6%) and smokers (66.7%). Plaques (73.3%),
IMT(0.90 £ 0.12), PI(1.72 £ 0.14) and RI(0.76 + 0.13) were more commonly associated with TACI subtype. On multi-
variate analysis using ANOVA, the mean Pl was highly significant (0.000) in relation to types of plaque. Summary and
Conclusions: IMT, RI, PI and plaque type are useful diagnostic parameters for acute ischemic stroke and its subtypes.
They can be used as noninvasive tools for predicting and preventing ischemic stroke in smokers as well as subjects with
DM and hypertension.
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1. Introduction Forty percent of stroke deaths occurred in people below
70 years of age [4,5]. Globally, approximately 15 million
new acute stroke events occur every year, and approxi-

mately 55 million people have suffered from an event of

Stroke is a global health problem [1,2]. Of 35 million
deaths attributable to chronic non communicable diseases

that occurred worldwide in 2005, stroke was responsible
for 5.7 million (16.6%) deaths, and 87% of these deaths
occurred in low-income and middle-income counties [3].
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stroke in the past. Two thirds of these individuals live in
low- and middle-income countries such as India [6].
Driven by increase in the size of aging populations, and
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escalating prevalence of risk factors such as hypertension,
tobacco use, unhealthy diet, physical inactivity, and obe-
sity, stroke is becoming a major cause of premature death
and disability in developing countries [7]. By 2050, it is
anticipated that, 80% of stroke events will occur in peo-
ple living in these regions [4,8]. Pathologically, the two
major types of stroke are ischemic (70% - 80%) and
hemorrhagic. Atherothrombotic occlusion of cerebral ves-
sels is the major causes of ischemic stroke. Atherothrom-
botic strokes are consequent to generalized atherosclero-
sis [9,10]. Modifiable risk factors like diabetes, hyper-
tension, smoking, dyslipidemia contribute to atheroscle-
rosis through gradual changes in the arterial channels that
may produce ischemia by either progressive luminal
narrowing, or more commonly by sudden plaque rupture
or intimal erosions with formation of an in situ occlusive
thrombus [10,11].

The ability to identify persons with atherosclerosis and
quantify the extent of atherosclerosis is of great value in
stratifying the future risk for cardiovascular diseases and
also for monitoring ongoing treatment. B-mode ultra-
sound is a noninvasive method for examining the walls
of peripheral arteries and provides measures of intima-
media thickness (IMT), presence of stenosis, plaques and
other changes in the vascular lumen as well as its wall.
This procedure is widely accepted, safe, inexpensive,
reliable, reproducible and convenient marker of athero-
sclerosis [12-15]. IMT is defined as the distance between
blood-intima interface and media-adventitia interface of
carotid wall [16]. IMT is 91% to 94% sensitive and 85%
to 99% specific in detecting a significant stenosis of ca-
rotid artery [17]. The IMT corresponds to the intima-media
complex, which comprises endothelial cells, connective
tissue, and smooth muscle and is the site of lipid deposi-
tion in plaque formation [17]. IMT is made up of about
80% media and 20% intima, whereas atherosclerosis is
largely an intimal process. IMT and plaques are highly
intercorrelated [18,19]. IMT usually has been measured
in the common carotid artery (CCA) because high meas-
urement precision is easily obtained from this artery.
However, plaques in this arterial segment are rare. Plaques
usually occur at sites of non-laminar turbulent flow, such
as in the carotid bulb and the proximal internal carotid
artery (ICA) [20]. In healthy adults, IMT ranges from
0.25 to 1.5mm and values more than 1.0 mm are often
regarded as abnormal [21,22]. The plaque is defined as a
focal thickening of 50% greater than the surrounding area
or greater than 1.5 mm [12]. Plaque characteristics as well
as vulnerable plaques can be assessed by ultrasound. Ca-
rotid plaques can be assessed qualitatively (plaque echo-
genicity, plaque heterogeneity) and quantitatively (plague
numbers, plaque area, plague volume) [23]. Plaque area
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may therefore be a more sensitive and representative
measure of the atherosclerotic burden than plaque thick-
ness or IMT. Total carotid plaque area is also a stronger
predictor of events than IMT but IMT measurements
provide information on risk even when no plaque is pre-
sent [24,25]. IMT of the carotid artery is a sonographic
parameter that depends on the degree of atherosclerosis
and it has been shown that CCA-IMT is a good predictor
of stroke incidence, especially atherosclerotic non-lacu-
nar subtype [14,15,26-28]. The pulsatility index (PI),
which is calculated from the measured flow velocity by
Doppler ultrasonography has been reported to increase
with DM, old age, hypertension, intracranial hyperten-
sion, vascular dementia, and small artery disease [27,28].
The Pl is a reflection of the vascular resistance distal to
the examined artery. Therefore, the pathologies of small
intracranial perforating arteries may affect the Pl of the
proximal artery so, may be better than IMT for predicting
cerebral infarction. Thus, it is conceivable that the Pl and
resistive index (RI) of the common carotid artery may
also be surrogate markers of atherosclerosis in cerebral
arteries [27,29]. RI, a hemodynamic parameter that can
be easily determined by Doppler sonography, reflects
local wall extensibility and the related vascular resistance
[4,30]. There is a clear correlation between increasing RI
values and arteriosclerosis risk factors and clinical out-
come [30].

2. Materials and Methods

This study was conducted in the Postgraduate Depart-
ment of Medicine, S.C.B. Medical College and Hospital,
Cuttack. Those patients who had associated hemorrhage
along with a infarct, cases with embolic stroke (rheu-
matic heart disease, congenital heart disease and endo-
carditis),all cases of endarteritis and arteritis, coagulation
disorders, sickle cell disease, CNS vasculitis and sub
arachnoid hemorrhage were excluded from the study. After
exclusion, 80 cases of ischemic strokes were included in
the study and 40 cases of healthy, age matched persons
were taken as control. Detailed history taking, clinical
examination, routine blood chemistry, ECG, cervical
carotid Doppler and CT scan of brain were undertaken
for patients, while all procedure except CT scan of brain
was done for controls. A plaque was defined as a focal
thickening of 50% greater than the surrounding area or
greater than 1.5 mm. They were classified in to 5 types:
type 1—for normal or no observable plaque; type 2—for
one small plaque with diameter stenosis <30%; type 3 —
for one medium plaque with 30% to 49% diameter steno-
sis or multiple small plaques; type 4—for one large
plaque with 50% to 99% diameter stenosis or multiple
plaques with at least one medium plaque; and type 5 for
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100% occlusion [12].
The data were analyzed using the SPSS 16 software.

3. Observations

The mean age for cases was 64.82 years + 10.66 years.
Mean age for male was 66.16 years + 10.7 years while
for female 61.62 + 9.8 years respectively. Out of 80 cases,
31 (38.75%) were diabetic, 54 (67.5%) hypertensive, 25
(31.25%) were both diabetic and hypertensive, 49 (61.25%)
were smokers respectively. Similarly, 23 cases (28.75%)
had lacunar anterior cerebral infarction (LACI), 32 (40%)
had a stroke involving partial anterior circulation (PACI),
10 (12.5%) had stroke in the posterior circulation (POCI)
and 15 (18.75%) had a stroke involving total anterior
circulation (TACI) (Figure 1). The mean IMT (0.88 mm
+ 0.19 mm), RI (0.76 + 0.05) and PI (1.71 + 0.19) of
cases and mean IMT (0.6 mm + 0.09 mm), Rl (0.61 £
0.06) and PI (1.53 + 0.11) of control groups was statisti-
cally significant. (p-0.000) (Table 1). In this study, the
mean IMT, Pl and RI for diabetics in case group was
0.90 mm £ 0.16 mm , 1.76 mm = 0.20 mm and 0.76 *
0.04 and that for control group was 0.64 = 0.11mm
(p-0.013), 1.49 + 0.09 (0.000) and 0.59 + 0.06 (0.000)
respectively. For patient with hypertension mean IMT
(0.88 + 0.16), PI (1.69 £+ 0.18) and RI (0.76 + 0.04) as
compared to the control group mean IMT 0.65 + 0.10
mm (p-0.006), PI 1.49 + 0.09 (0.000) and RI 0.59 + 0.06
(0.000). The mean IMT, Pl and RI in smokers in cases
group was 0.93 mm £ 0.20 mm, 1.82 + 0.22 mm and
0.77 mm = 0.04 mm as compared to IMT (0.63 mm %
0.06 mm ), PI (1.49 £ 0.09) and RI (0.59 % 0.06) in con-
trol groups (p-000) (Table 1). Type 3 plaques accounted
for 27 (56.2%) cases and Type 2 plaque 12 (25%) cases.
The total no. of plaques in cases and controls was statis-
tically significant (P-0.0034). The mean plaque area was
46 mm? for cases and 20 mm? for control (P-0.0001).
(Table 2) The mean IMT was higher in patient with
plaque in comparison to patient without plaque, irrespec-
tive of gender, which was statistically significant. (Fig-
ure 2) Smokers were more common in TACI, PACI sub
type. DM was more associated with TACI, where as
HTN was associated with LACI, PACI, TACI. Plaque
was more associated with TACI and PACI. Mean IMT
was more in patient in POCI and TACI category, mean
Pl more in POCI and TACI and mean RI more in PACI
and TACI (Table 3). On multivariate analysis using
ANOVA, the mean PI was highly significant (0.000) in
relation to types of plaque (Table 4).

4. Discussion

In this study, the mean age for patients with stroke in
males was 66.62 yr + 10.7 yr and for females 61.62 yr +
9.8 yr. The average mean age was 64.82 yr + 10.60 yr.

Copyright © 2011 SciRes.

Earlier reports had shown similar age of incidence in
patients with ischemic stroke [31,32]. The prevalence of
risk factors in our study group was Type 2 diabetes mel-
litus (DM) in 38.75%, hypertension (HTN) in 67.5%,
both DM and HTN in 31.25%, smoking in 61.25% and
6.25% cases had no risk factors. These observations are
at par with earlier publications [1,31,32]. In the present
study, as per the Bamford classification of ischemic
stroke, 23 cases (28.75%) had (LACI), 32 (40%) PACI,
10 (12.5%) POCI and 15 (18.75%) TACI which was
consistent with other studies (Figure 1) [33]. The mean
IMT (0.88 mm £ 0.19 mm), RI (0.76 + 0.05) and PI (1.71
+ 0.19) of cases and mean IMT (0.6 mm + 0.09 mm), RI
(0.61 £ 0.06) and PI (1.53 £ 0.11) of controls were statis-
tically significant (p-0.000) as presented in Table 1.
Such observations are at par with previous studies
[20,34,35]. The mean IMT, PI and RI for diabetics was
0.90 mm £ 0.16 mm, 1.76 mm + 0.20 mm and 0.76 £
0.04 and that for control group was 0.64 mm = 0.11 mm
(p-0.013), 1.49 £ 0.09 (p-0.000) and 0.59 + 0.06 (p-0.000)
respectively. This observation was comparable with pre-
vious publication where the carotid-IMT was found to be
0.9 mm in DM [32,36]. For patient with hypertension,
the mean IMT (0.88 + 0.16), PI(1.69 + 0.18) and RI(0.76
+ 0.04) as compared with controls was highly significant

TYPE OF STROKE BASED ON BAMFORD
CLASSIFICATION

TACI

19%
POCI !
12%

LACI

-9%
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Figure 1. Prevalence of type of strokes (in percent).
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Figure 2. Prevalence of plaques in patients with Stroke and
without stroke in male and female subjects.
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(Table 1). The mean IMT, Pl and RI in smokers in pa-
tients was 0.93 mm £ 0.20 mm, 1.82 mm  0.22 mm and
0.77 mm = 0.04 mm as compared to IMT(0.63 mm *
0.06 mm), P1(1.49 £ 0.09) and RI1(0.59 + 0.06) in control
groups (p-000) (Table 1). Previous reports have shown
that the mean IMT of persons having HTN, DM and in
smokers was significantly higher than healthy people

[34].

Type 3 plaques accounted for 27 (56.2%) cases and
Type 2 plaque 12 (25%) cases. The difference in total
number of plaques in cases and controls was statistically
significant (P-0.0034). The mean plaque area was 46
mm? for cases and 20 mm? for controls (p-0.0001) as
given in Table 2.

Table 1. Mean values of IMT, RI and P1 in patients and controls along with statistical significance of difference.

Imt in mm Cases Control p-VALUE
OVERALL MEAN IMT 0.88 +£0.19 (N = 80) 0.60 +0.09 (N = 40) 0.000
IMT IN DIABETES 0.90£0.16 (N =31) 0.64+0.11 (N=14) 0.013
IMT IN HTN 0.88 £0.16 (N = 53) 0.65+0.10 (N =14) 0.006
IMT IN SMOKERS 0.93+0.20 (N =49) 0.63+0.06 (N =17) 0.000
Plin mm CASES CONTROL p-VALUE
OVERALL MEAN PI 1.71 £ 0.18 mm (N = 80) 1.53+0.11 (N =40) 0.000
PI IN DIABETES 1.76 £0.20mm (N=31) 1.49 £0.09 (N = 18) 0.000
PIIN HTN 1.69+0.18 mm (N=53) 1.49+0.09 (N=18) 0.000
PI IN SMOKERS 1.82 £0.22 (N = 49) 1.49 £ 0.09 (N = 18) 0.000
Riin mm Cases Control p-VALUE
OVERALL MEAN RI 0.76 £ 0.05 (N = 80) 0.61 +0.06 (N =40) 0.000
RI'IN DIABETES 0.76 £0.04 (N =31) 0.59 £ 0.06 (N = 18) 0.000
RI'IN HTN 0.76 £0.04 (N =53) 0.59 +0.06 (N =18) 0.000
Rl IN SMOKERS 0.77 £0.04 (N =49) 0.59 £ 0.06 (N =18) 0.000
Table 2. Plaque characteristic in patients and controls.
Characteristics Cases (n-48) Control (n-12) p-VALUE
1 0 0
2 12 (25%) 6 (50%)
TYPE OF PLAQUE 0.0034
3 27 (56.2%) 6 (50%)
4 9 (18.8%) 0
PLAQUE AREA (mmy) 46(18 - 84) 20 (8 - 26) 0.0001

Copyright © 2011 SciRes.
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The mean IMT was higher in patient with plaque in
comparison to patient without plaque, irrespective of
gender, which was statistically significant (Table 1 and
Figure 2) and was comparable with other study [35]. On
comparison between subtypes of stroke, prevalence of
smokers was more in TACI (66.7%), PACI (65.5%) sub
types whereas DM was more associated with TACI
(60%), and HTN with LACI (69.6%), PACI (68.8%),
TACI (66.7%) respectively as presented in Table 3.
Plaque was more often met with TACI (73.3%) and
PACI (65.5%) than other types of ischemic stroke. Mean
IMT was more in patient with POCI (0.93 + 0.27) and
TACI (0.90 = 0.12) category, mean Pl more in POCI
(1.76 £ 0.31) and TACI (1.72 £ 0.14) and mean RI more
in PACI (0.77 £ 0.05) and TACI (0.76 + 0.13) which was
comparable with earlier studies [35]. The study had re-
ported a prevalence of HTN in 80% of PACI, DM in
40% of TACI and plaques in 85% of PACI and 79% of
LACI [35]. On multivariate analysis using ANOVA, the
mean Pl was highly significant (p-0.000) in relation to
types of plaque.

As observed in the present sstudy Pl may be better
than IMT for predicting cerebral infarction.

5. Summary and Conclusions

Our study revealed 75% of cases were above 60 years of
age and the prevalence of risk factors like DM was pre-
sent in 38%, HTN in 67%, and smoking in 61% respect-
tively. According to Bamford classification, 28% had
LACI, 40% had PACI, 12% had POCI and 18% had
TACI. The mean IMT for DM, HTN and smokers were
higher than the control groups. The mean IMT, Pl and RI
in patients with DM, HTN and in smokers were signifi-
cantly higher than the controls. The mean IMT was
higher in patient with plaque in comparison to patient
without plaque, irrespective of gender. Type 3 plaque
accounted for 27 (56.2%) and Type 2 plaque in 12 (25%)
of cases with ischemic stroke. The total no. of plaques in
cases and controls was statistically significant and the
mean plaque area was 46 mm? for cases and 20 mm? for
controls. The mean Pl was highly significant (0.000) in
relation to types of plaque. As per the study, Pl may be
better than IMT for predicting cerebral infarction.

Table 3. Risk factors, IMT, PI, Rl and plaques in patients with different subtypes of stroke.

Stroke subtype Smoking Dm Htn Tia Me(i?n[")v” Mean PI (mm)  Mean RI (mm) Plaque
LACI(N-23)  12(52.2%) 6(26.1%) 16 (69.6%) 3 (13%) 0.87+0.21 1.71+0.19 0.75 + 0.05 ( 431_2% )
PACI(N-32)  21(655%) 14 (43.8%) 22(68.8%)  (37.5%) 0.88+0.17 1.69 +0.15 0.77 £ 0.05 (652{1)% )
POCI(N-10) 6 (60%) 2 (20%) 5 (50%) 3 (30%) 0.93+0.27 1.76 £ 0.31 0.75 +0.05 (6(?% )
TACI(N-15) 10 (66.7%) 9 (60%) 10 (66.7%) 5 (33.3%) 0.90 +0.12 1.72+0.14 0.76 + 0.13 (73%% )

Table 4. Mean values of IMT, PI, Rl in different subtype of plaques.
Type 1 Type 2 Type 3 Type 4 2vs3 2vs4 3vs4 ANOVA
MEAN IMT 0.93+0.17 0.89+0.12 0.92+0.29 0.40 0.92 0.66 0.77
MEAN PI 1.68+0.14 1.76 £0.19 1.64+0.17 0.28 0.000 0.000 0.000
MEAN RI 0.77+£0.04 0.77 £0.04 0.75+0.04 0.99 0.33 0.22 0.45
Copyright © 2011 SciRes. 1JCM
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Therefore, an increased IMT, RI, PI and/or plaques on
carotid duplex ultrasound are dependable surrogate mark-
ers of cerebrovascular ischemic events. They can be used
as noninvasive tools for predicting and preventing is-
chemic stroke in smokers as well as subjects with DM
and hypertension.
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