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ABSTRACT
Introduction: Atherosclerosis is a chronic disease affecting the medium and large arteries. A Plaque is a build-up of
atherosclerotic lesions. Gray-Waele classified plaques into type 1 to 4. Plaque may be identified in the ultrasound image.
it may be homogeneous or heterogeneous. The objective of this study was to analyze the ultrasonography (US)
characteristics of the carotid plaques in patients with TIA or ischemic stroke who presented for carotid angioplasty plus
stenting. The focus was on the pattern of plaque characteristics as in modified Gray-Waele classification, plaque surface,
and ulceration.

Methods: A retrospective review of 27 patients with history TIA or stroke corresponding to the carotid artery territory
in the brain. These patients presented to the Apollo Heart Institute, New Delhi for carotid angioplasty and stenting. This
review covered from 1st January 2015 to 31st December 2017.

Results: A total of 27 patients with male 19 (70.4%) and female 8 (29.6%). Gray-Wale type 1 account for 48% (n=13),
type 2 was 41% (n=11), and type 3 account for 7 (n=2).

Conclusion
Gray-Waele Type 1 and 2 are the most common cause of TIA or ischemic stroke. Irregular and heterogeneous plaque
patients are at higher risks for cerebrovascular events, and most lesions involved the bifurcations.
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INTRODUCTION
The American Heart Association and the American Stroke Association in 2013 defined stroke as clinical syndrome typified
by rapidly evolving focal disturbance of cerebral function, of vascular origin with an objective neuroimaging evidence of a
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lesion irrespective of the duration of clinical symptoms. This definition included tissue-based due to technological
advancement in stroke diagnosis and therapy. It also brought out the concept of silent strokes.

The American Heart Association and the American Stroke Association in 2009 defined TIA as transient neurological
dysfunction caused by focal brain, spinal cord, or retinal ischemia without any objective evidence of an acute infarction.
Again, this definition eliminates the benign connotation of transient ischemic attack.
Atherosclerosis is a chronic disease affecting the medium and large arteries. A Plaque is a build-up of atherosclerotic
lesions. Gray Waele classified plaques into type 1 to 4 [1]. Plaque may be identified on the ultrasound image. It may be
homogeneous or heterogeneous. In this study, we retrospectively evaluated carotid plaques pattern in patients with stroke or
TIA who presented to the Apollo Heart Institute, New Delhi for carotid angioplasty plus stenting, using B-mode ultrasound.
The objective of this study was to analyze the ultrasonography (US) characteristics of the carotid plaques in patients with
TIA or ischemic stroke who presented for carotid angioplasty plus stenting. The focus was on the pattern of plaque
characteristics as in modified Gray-Waele classification, plaque surface, and ulceration.

METHODS
A retrospective review of 27 patients with history TIA or stroke corresponding to the carotid artery territory in the brain.
These patients presented to the Apollo Heart Institute, New Delhi for carotid angioplasty and stenting. This review covered
from 1st January 2015 to 31st December 2017. Carotid ultrasound was done for these 27 patients with GE ultrasound
equipped with 8L or 3S probes before carotid angiography, and angioplasty with stenting. Excluded are hemorrhagic stroke
and patients with ischemic stroke with hemorrhagic transformation.

DEFINITIONS OF TERMS
1. Regular plaque: A plaque is regular when the blood-lesion interface is smooth and unbroken.
2. Irregular plaque: A plaque is irregular when there is a break in the echo-reflective surface of the lesion is observed or the
surface is uneven.
3. Carotid plaque ulceration using color flow Doppler as a plaque niche filled with reversed flow on longitudinal views.
4. A carotid plaque was deﬁned as a localized protrusion of the vessel wall, which extended into the lumen ≥1.5 mm, or had
a thickness exceeding the intima-media thickness (IMT) of the adjacent portion of the vessel wall by >50%. The
characteristics of the plaques were described by the modiﬁed Gray Weale classiﬁcation and plaque morphology was deﬁned
in terms of its echogenicity.
5. In a refinement of this classification system introduced by Gray-Weale et al. [1] in 1988, four plaque types were defined
based on the degree of echolucency visualized on B-mode scan:
Type 1: Predominantly echolucent with a thin echogenic cap
Type 2: Intermediate echolucent lesions with small areas of echogenicity
Type 3: Intermediate echogenic lesions with small areas of echolucency (<25%)
Type 4: Uniformly echogenic lesions (equivalent to homogenous)
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DATA ANALYSIS
Retrieved data was analyzed using Statistical Package for Social Sciences (SPSS) version 20. Categorical variables were
summarized as frequency and percentages and presented as graphs, while mean and standard deviation were used to
characterize the distribution of continuous variables.

RESULTS
A total of 27 patients with male 19 (70.4%) and female 8 (29.6%). Diabetes mellitus with stroke or TIA was 48.1% (n=13),
hypertensive with ischemic stroke or TIA were 56.5% (n=15), Dyslipidemia with stroke, or TIA=70.4% (n=19), and
Smokers with TIA or stroke were 18.5% (n=5). The mean age of distribution was 66.57±7.63 with ranges from 55 to 80
years (Table 1 and Table 2).
Gray-Wale type 1 account for 48% (n=13), type 2 was 41% (n=11), and type 3 account for 7 (n=2) (see Figure 1). The
ultrasound characteristics of the 27 patients concerning the plaque surface, ulceration, and centricity are shown in Table 3.
Most lesions involved the bifurcations.
Country of Origin
Frequency (%)
Afganistan
3(11.1%)
Iraq
1(3.7%)
India
8(29.6%)
Nepal
4(14.8%)
Bangladesh
3(11.1%)
Somalia
2(7.4%)
Madagasgar
3(11.1%)
Ethiopia
1(3.7%)
Yemen
1(3.7%)
Kenya
1(3.7%)
Table 1: Country of origin.
Variable

Summary Statistics

Sex

Frequency (%)

Male

19(70.4)

Female

8(29.6)

Table 2: Sex distribution.

Figure 1: Plaques Types.
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Plaque Characteristics
Stroke (%)
Tia (%)
Surface
Irregular
6(54.5)
5(45.5)
Smooth
1(6.2)
15(93.8)
Ulceration
Yes
3(60.0)
2(40.0)
No
4(18.2)
18(81.8)
Centricity
Eccentric
7(46.7)
8(53.3)
Concentric
0(0.0)
12(100.0)
Table 3: Ultrasound Characteristics.

Figure 2: Type 1 Gray-Waele. See the blue arrow.

Figure 3: Type 2 Gray-Waele. See the blue arrow.
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Figure 4: Type 2 Gray-Waele. The blue arrow.

Figure 5: Carotid artery stenosis of bifurcation of the common carotid artery. This is one of the patients during carotid stenting.
DISCUSSION
The first study on carotid plaques was by Johnson et al. [2] in 1985. They followed up 297 asymptomatic patients for 3
years and showed that TIA or strokes occurred in 75% of those whose plaques had been hypo or anechoic (type 1 and 2) at
baseline, as opposed to only 4.4% whose plaques had appeared hyperechoic [2]. Our review showed that TIA or ischemic
stroke is more common in type 1 or 2 plaques.

Langsfeld et al. [3] studied 419 patients with asymptomatic plaques for 15-22 months and found anechogenic plaques to be
at increased risk of becoming symptomatic compared with dense and echo rich plaques. O’Holleran et al. [4] followed up
293 patients for an average of 46 months and showed that 100% of the patients with a soft lesion involving >75% stenosis
became symptomatic as compared with only 60% of those with a dense plaque (p >0.05) [4]. Fitzgerald and O’Farrel [5]
also found an irregular surface to be associated with the development of MACE.
European Carotid Plaque Study Group findings showed that [6,7]:
1. Carotid plaque echogenicity on B-mode imaging was inversely correlated with the “soft” material contained in the
plaque.
2. Plaque hyperechogenicity directly correlated with the presence of calciﬁcations.
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3. Most symptoms of cardiovascular disease were reported by patients with the “softest” plaques.
Mathiesen et al. [8] reported that in patients with type 1 or type 2 plaques but no carotid stenosis, the relative risk (RR) for
cerebrovascular events was 13 (95% CI 4.5-37.4) versus only 3.7 (95% CI 0.7-18.2) in those with type 3 or type 4 plaques.
Reiter et al. [9] followed 574 patients for a mean of 3.2 years to determine whether those with hypoechoic or anechoic
plaques were at risk for major adverse cardiovascular events (MACEs). They showed that the presence of a hypoechoic
plaque predicted a MACE. This emphasizes that type 1 or 2 are vulnerable plaques. Spence showed carotid artery plaque
morphology and IMT are expressions of different biological aspects of atherosclerosis with different implications in terms
of vascular disease [10].
Compared with the IMT, carotid plaque morphology and surface area are both better predictors of stroke, myocardial
infarction, and cardiovascular death [11-13]. This was shown in our study that demonstrated type 1 and 2 predominantly
causing TIA or ischemic stroke. Our study also showed that irregular and heterogeneous plaque patients are at higher risks
for cerebrovascular events.

CONCLUSION
Gray-Waele Type 1 and 2 are the most common cause of TIA or ischemic stroke. Irregular and heterogeneous plaque
patients are at higher risks for cerebrovascular events, and most lesions involved the bifurcations.

LIMITATION
1. Two sonographers were involved in the carotid scan. This may introduce bias as ultrasound is observer depended.
2. Some number of patients
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