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HIGHLIGHTS

« Carotid stenosis was common

* MCA territory predominated
« Echogenic plaques predominated
« Risk factors increased stenosis.

* ASPECTS inversely correlated with stenosis
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ABSTRACT

Introduction: Ischemic stroke is a major cause of mortality and long-term neuro-

logical disability. Carotid atherosclerosis is an important and potentially treatable
contributor, while non-contrast computed tomography (NCCT) demonstrates cerebral
ischemic injury. Combined assessment may improve etiological evaluation, vascular
characterization, and risk stratification in affected patients. Aim & Objective: The
study aimed to assess the correlation between carotid artery Doppler and non-contrast
CT findings in ischemic stroke, identify commonly involved vascular territories, and
evaluate major risk factors for carotid artery stenosis. Materials & Methods: This
prospective study was conducted in the Department of Radiodiagnosis, G.R. Medical
College, Gwalior, Madhya Pradesh, among 96 clinically suspected stroke patients with
ischemic stroke on CT. Patients with head injury, space-occupying lesions,
demyelinating disorders, stroke mimics, or refusal of consent were excluded. Carotid
Doppler parameters, plaque characteristics, stenosis severity, vascular territories, and
NCCT findings were analyzed and correlated statistically. Results: Mean age was
60.91 + 8.32 years; 56.3% were males. Carotid stenosis was detected in 74.0%, most
commonly <50% stenosis (47.9%), while complete occlusion occurred in 2.1%.
Echogenic plaque was most frequent (34.38%). Right and left ICA peak systolic
velocities and bilateral ICA/CCA ratios were significantly higher in stenosis. MCA
territory predominated, with right MCA infarction in 22.9% and left MCA in 20.8%.
Hypertension, diabetes, smoking, and hyperlipidemia were significantly associated
with stenosis. ASPECTS correlated inversely with stenosis percentage (r=-0.764) and
ICA Doppler parameters. Conclusion: Carotid Doppler and NCCT are complemen-
tary modalities for evaluating ischemic stroke. Increasing carotid stenosis is associated
with greater cerebral ischemic burden, supporting combined imaging for diagnosis,
vascular risk assessment, risk stratification, clinical management and secondary
prevention.
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INTRODUCTION

Stroke is one of the most important causes of death and long-term
neurological disability worldwide and remains a major challenge
for health-care systems because of its sudden onset, high
treatment urgency, and substantial burden of residual functional
impairment [1]. The World Stroke Organization reported that
almost 12 million new strokes occur globally each year and that
approximately one in four adults older than 25 years is expected
to experience a stroke during their lifetime [2]. Ischemic stroke
constitutes the major pathological category of stroke and results
from interruption of cerebral arterial blood flow, producing a
spectrum of tissue injury from potentially reversible ischemia to
irreversible cerebral infarction. Recent global estimates indicate
that more than 7.8 million incident ischemic strokes occurred in
2021, demonstrating the continuing importance of strategies
directed toward rapid diagnosis, etiological assessment, and
prevention of recurrent vascular events [3].

The pathogenesis of ischemic stroke is heterogeneous and
includes large-artery atherosclerosis, cardioembolism, small-
vessel occlusion, and several less common or undetermined
mechanisms [4]. Among these, atherosclerotic disease of the
extracranial carotid arteries is particularly important because the
carotid circulation supplies a large proportion of the anterior
cerebral circulation and because clinically relevant carotid
stenosis represents a potentially treatable source of cerebral
ischemia [5]. Atherosclerotic plaque formation may progressi-
vely narrow the carotid lumen, alter local hemodynamics, or
become unstable and generate artery-to-artery emboli. Plaque
morphology and increasing stenotic severity may therefore
influence the likelihood and pattern of downstream cerebral
ischemic injury. Current stroke prevention guidelines recognize
symptomatic extracranial carotid stenosis as an important
therapeutic target in appropriately selected patients [6].

Carotid duplex Doppler ultrasonography provides a practical
method for evaluating extracranial carotid atherosclerosis. It
combines B-mode structural imaging with color and spectral
Doppler assessment, allowing evaluation of carotid intima-
media thickness, plaque presence and morphology, luminal
narrowing, and blood-flow characteristics [7]. Measurements
such as peak systolic velocity, end-diastolic velocity, and
velocity ratios assist in estimating the hemodynamic severity of
internal carotid artery stenosis. Contemporary validation studies
continue to refine velocity criteria for clinically important
stenosis, reflecting the central role of duplex ultrasound in non-
invasive vascular assessment [8]. The technique is widely avail-
-able, comparatively inexpensive, repeatable, free from ionizing
radiation, and suitable for bedside use. Recent prospective
evidence has also shown that carotid Doppler-derived hemo-
dynamic indices, including resistive and pulsatility indices, are
related to stroke severity and clinical outcome, suggesting that
Doppler evaluation can provide information beyond simple
anatomical measurement of stenosis [9].

Neuroimaging, however, is essential for demonstrating the
cerebral consequence of vascular occlusion. Non-contrast
computed tomography of the head remains a fundamental first-
line investigation in patients presenting with suspected acute
stroke because it can be acquired rapidly and is highly effective
for identifying or excluding intracranial hemorrhage, an
essential distinction before reperfusion therapy is considered
[10]. In ischemic stroke, NCCT may demonstrate early changes
such as loss of gray-white matter differentiation, obscuration of
the lentiform nucleus or insular ribbon, focal hypoattenuation,
sulcal effacement, cerebral edema, or a hyperdense arterial sign.
With progression of infarction, the affected vascular territory
and extent of tissue damage become more clearly defined.
Nevertheless, early ischemic changes may be subtle or absent
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Figure 1: Carotid artery disease: pathophysiology, diagnosis, and management of ischemic stroke.
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during the initial hours, so NCCT should be interpreted within
the clinical and vascular context [11].

The information obtained from carotid Doppler and NCCT is
therefore complementary rather than interchangeable. NCCT
identifies the site, distribution, and structural extent of cerebral
infarction, whereas carotid Doppler assesses a major extracranial
arterial pathway capable of producing or contributing to that
infarction [12]. Correlating the degree of carotid stenosis, plaque
characteristics, and Doppler flow parameters with the side,
territory, and extent of ischemic changes on NCCT may help
clarify whether extracranial carotid disease is associated with the
observed cerebral lesion. Studies evaluating stroke patients with
color Doppler have demonstrated a substantial burden of carotid
plaque and stenotic disease, supporting systematic carotid
assessment as part of etiological evaluation [13]. At the same
time, the absence of significant carotid disease does not exclude
ischemic stroke, because cardiac embolism, intracranial
atherosclerosis, and small-vessel disease may produce similar
clinical and radiological presentations [14].

An integrated assessment is particularly relevant in settings
where advanced vascular imaging such as CT angiography or
MR angiography may not be immediately available for every
patient. Combining a rapid NCCT head examination with an
accessible carotid Doppler study can provide simultaneous
information about cerebral injury and extracranial vascular
pathology. Such correlation may improve etiological classifi-
cation, identify patients requiring further vascular evaluation,
support secondary prevention planning, and help determine the
clinical significance of detected carotid atherosclerosis.
Accordingly, evaluation of carotid artery Doppler findings in
relation to NCCT head abnormalities in patients with ischemic
stroke is clinically meaningful and may strengthen understan-
ding of the relationship between extracranial carotid disease and
the anatomical pattern of cerebral infarction. This approach may
be especially valuable for establishing a coherent diagnostic
pathway from initial brain imaging to targeted vascular assess-
ment and preventive management [6]. Figure 1. Pathophysio-
logy, diagnostic evaluation, and clinical management of carotid
artery disease—associated ischemic stroke.

The aim of this study was to determine the correlation between
carotid artery Doppler findings and non-contrast computed
tomography head findings in patients with ischemic stroke. The
objectives were to identify the most commonly involved
vascular territories in ischemic stroke and to evaluate major risk
factors associated with carotid artery stenosis among the affected
patients in the overall study population.

MATERIAL & METHODS

This prospective study was conducted in the Department of
Radiodiagnosis, G.R. Medical College, Gwalior, Madhya
Pradesh, to evaluate carotid artery Doppler findings and correlate
them with NCCT head findings in ischemic stroke patients. A
sample size of 96 was calculated using a 5% significance level

www.internationalmedicalpublishing.com

and 8% absolute precision. Clinically suspected stroke patients
with ischemic stroke on CT were included. Patients with head
injury, brain space-occupying lesions, demyelinating disorders,
stroke mimics, or those refusing consent were excluded. Written
informed consent was obtained before enrolment, ethical
approval was secured, and carotid Doppler findings were
correlated with NCCT head findings for analysis.

RESULTS

The study population comprised 96 ischemic stroke patients with
a mean age of 60.91 + 8.32 years, indicating predominance of
older adults. Most patients belonged to the 61-70-year age group
(42.7%), followed by 51-60 years (34.4%), showing clustering
around the sixth and seventh decades. Males constituted 56.3%
of patients compared with 43.8% females, demonstrating a
modest male predominance. Overall, the demographic profile
suggests that ischemic stroke in this cohort was more frequent
among older individuals, particularly males.

Carotid Doppler demonstrated <50% stenosis as the most
common finding, present in 47.9% of ischemic stroke patients,
while 26.0% showed no stenosis. Moderate stenosis of 50-69%
was observed in 14.6%, whereas >70% stenosis was present in
9.4% of patients. Complete carotid occlusion was relatively
uncommon, occurring in only 2.1% of cases. These findings
indicate that carotid atherosclerotic narrowing, predominantly of
mild degree, was frequently detected among patients with
ischemic stroke (Table 1). Figure 2 shows that echogenic
plaques were most common (34.38%), followed by calcified
plaques (28.13%), while hypoechoic plaques accounted for
11.46%. No plaque was detected in 26.04% of patients. Overall,
the graph indicates a substantial burden of carotid atherosclerotic
plaque among ischemic stroke patients.

Table 2 shows significantly higher ICA PSV in the stenosis
group on both right (p=0.0086) and left sides (p=0.0028). The
ICA/CCA ratio was also significantly increased bilaterally (right
p=0.0160; left p=0.0210). In contrast, CCA PSV showed no
significant difference between stenosis and non-stenosis groups.
These findings indicate that elevated ICA velocity and ICA/CCA
ratio are important Doppler indicators of carotid stenosis.

Table 3 shows that the right MCA was the most commonly
involved vascular territory (22.9%), followed by the left MCA
(20.8%). ACA involvement was less frequent, while PCA and
watershed infarcts were comparatively uncommon. A normal
NCCT study was observed in 26.0% of patients. Overall, MCA
territory involvement predominated among ischemic stroke
cases. Table 4 shows that hypertension was present in 60.57% of
patients with carotid stenosis compared with only 20% in the
non-stenosis group. This difference was highly statistically
significant (p<0.0001). Thus, hypertension showed a strong
association with carotid artery stenosis among ischemic stroke
patients. These findings suggest that hypertension is an important
vascular risk factor linked with carotid atherosclerotic
narrowing.
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Figure 3 shows that diabetes was more frequent in patients with
carotid stenosis (69%) than in those without stenosis (44%).
Conversely, absence of diabetes was higher in the non-stenosis
group (56%) compared with the stenosis group (31%). Overall,
the graph suggests a greater burden of carotid stenosis among
diabetic ischemic stroke patients. Figure 4 shows that smoking
was more frequent among patients with carotid stenosis (70.4%)
compared with the non-stenosis group (48%). In contrast, non-
smokers were more common in the non-stenosis group (52%)
than in the stenosis group (29.6%). This pattern indicates a
higher occurrence of carotid stenosis among smokers. Overall,
smoking appears to be an important vascular risk factor
associated with carotid atherosclerotic narrowing in ischemic
stroke patients.

Table 5 shows that hyperlipidemia was present in 76.06% of
patients with carotid stenosis compared with 40% in the non-
stenosis group. This association was statistically significant
(p=0.0011). Patients without hyperlipidemia were more
common in the non-stenosis group (60%) than in the

stenosis group (23.94%). Overall, hyperlipidemia showed a
significant association with carotid stenosis in ischemic stroke
patients. Table 6 shows a significant association between carotid
stenosis severity and vascular territory involvement. MCA
infarction predominated in severe (>70%) stenosis, occurring in
100% of patients (p=0.0012), while ACA infarction was most
frequent with 50-69% stenosis (57.14%, p<0.0001). Normal CT
findings decreased with increasing stenosis severity and were
absent in the >70% group (p=0.0238). Overall, increasing
carotid stenosis was significantly associated with greater
anterior circulation ischemic involvement.

Table 7 demonstrates significant negative correlations between
ASPECTS and all carotid Doppler parameters (p<0.01). The
correlations were moderate for right ICA PSV (r=-0.518), left
ICA PSV (r=-0.449), and bilateral ICA/CCA ratios (r=-0.43).
Carotid stenosis percentage showed the strongest negative
correlation with ASPECTS (r=-0.764). Thus, increasing carotid
stenosis and Doppler velocities were associated with lower
ASPECTS, indicating a greater ischemic burden on NCCT.

Table 1: Carotid Stenosis

Stenosis group

Frequency Percent

<50%

50-69%

>70%

Complete Occlusion
No stenosis

Total

46 47.9
14 14.6
9 9.4

2 2.1
25 26.0
96 100.0

Table 2: Carotid arteries based on stenosis

Parameter Non-Stenosis  Stenosis p-value
RIGHT CCA PSV (ecm/s)  77.72+9.92 75.93£11.65  0.4951
RIGHT ICAPSV (cm/s)  90.92+12.86 115.67+45.32  0.0086
LEFT CCA PSV (cm/s) 75.52+6.9 79.03+9.93 0.1063
LEFT ICA PSV (cm/s) 86.48+8.09 118.29+£51.35  0.0028
RIGHT ICA/CCA Ratio  1.16+0.05 1.53+0.74 0.0160
LEFT ICA/CCA Ratio 1.120.07 1.51+0.86 0.0210

Table 3: Involved vascular territory

Involved vascular territory

Frequency Percent

Normal Study 25 26.0
Right ACA 9.4
Left ACA 5 52
Left ACA/MCA (Watershed) 5 52
Left MCA 20 20.8
Left PCA 4 4.2
Right ACA/MCA (Watershed) 1 1.0
Right MCA 22 22.9
Right MCA/PCA (Watershed) 1 1.0
Right PCA 4 4.2
Total 96 100

Table 4: Hypertension based on carotid stenosis

Hypertension Non Stenosis Stenosis Total p-value
No 20 (80) 28 (39.44) 48(50)  <0.0001
Yes 5(20) 43 (60.57) 48 (50)

Total 25 (100) 71 (100) 96 (100)

Table 5: Hyperlipidemia based on carotid stenosis

Hyperlipidemia Non Stenosis  Stenosis Total p-value
No 15 (60) 17 (23.94) 32(33.33) 0.0011
Yes 10 (40) 54 (76.06) 64 (66.67)

Total 25 (100) 71 (100) 96 (100)
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Table 6: Vascular territory involvement with carotid stenosis

Vascular territory Normal (N=25) <50% (N=46) 50-69% (N=14) >70% (N=11) p-value
MCA Infarct 10 (40) 18 (39.13) 4 (28.57) 11 (100) 0.0012
ACA Infarct 0(0) 6 (13.04) 8(57.14) 0(0) <0.0001
PCA Infarct 5(20) 2 (4.35) 1(7.14) 0(0) 0.0922
Normal CT study 10 (40) 14 (30.43) 1(7.14) 0(0) 0.0238
ACA / MCA Watershed infarct 0 (0) 5(10.87) 0 (0) 0(0) -
MCA / PCA Watershed infarct 0 (0) 1(2.17) 0 (0) 0(0) -
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Table 7: Pearson Correlation factor between ASPECT score and carotid Doppler parameter

ASPECTS Parameter RIGHTICA LEFTICA RIGHT LEFT STENOSIS
PSV (cm/s) PSV (cm/s) ICA/CCA ICA/CCA (%)
RATIO RATIO
ASPECTS Pearson -0.518 -0.449 -0.429 -0.428 -0.764
Correlation
Interpretation  Sign Negative Negative Negative Negative Negative
Relationship Moderate Moderate Moderate Moderate Strong

Correlation is significant at the 0.01 level (2 -tailed)

DISCUSSION

The demographic profile demonstrated that ischemic stroke
predominantly affected older adults, with a mean age of 60.91 +
8.32 years and the largest proportion belonging to the 61-70-year
age group (42.7%). These observations were comparable with
Raghuwanshi et al. [15], Sehrawat et al. [16], and Bollipo and
Rao [17], who also reported predominance of stroke and carotid
atherosclerotic changes among older patients. Males constituted
56.3% and females 43.8%, consistent with Raghuwanshi et al.
[15], Hag et al. [13], and Gaur et al. [ 18], who similarly observed
male predominance. Carotid stenosis was detected in 74% of
patients, comprising <50% stenosis in 47.9%, 50-69% in 14.6%,
>70% in 9.4%, and complete occlusion in 2.1%. Haq et al. [13]
reported carotid stenosis in 62% of ischemic stroke patients,
while Gaur et al. [18] and Ahmed et al. [19] also documented a
substantial burden of carotid stenosis.

Plaque morphology demonstrated echogenic plaques in 34.4%,
calcified plaques in 28.1%, hypoechoic plaques in 11.5%, and no
plaque in 26%. Haq et al. [13] likewise found echogenic plaques
to be the commonest morphology, whereas Gaur et al. [18] and
Sehrawat et al. [16] reported greater proportions of hypoechoic
plaques, suggesting variation in plaque composition across
populations. Doppler assessment showed significantly higher
right and left ICA peak systolic velocities in the stenosis group
than in the non-stenosis group (p=0.0086 and p=0.0028,
respectively), together with significantly higher right and left
ICA/CCA ratios (p=0.0160 and p=0.0210). Conversely, CCA
PSV showed no significant difference between groups, consistent
with Pisimisis et al. [20]. Raghuwanshi et al. [15] also supported
the relationship between elevated ICA Doppler parameters and
carotid stenosis.

NCCT demonstrated predominant MCA involvement, with right
MCA infarction in 22.9% and left MCA infarction in 20.8%. Haq
et al. [13] reported comparable left and right MCA involvement
of 22% and 20%, respectively. Hypertension (p<0.0001),
diabetes (p=0.048), smoking (p=0.0449), and hyperlipidemia
(p=0.0011) were significantly associated with carotid stenosis.
Comparable associations were reported by Garg et al. [21], Gaur
etal. [18], Haq etal. [13], and Sehrawat et al. [16], while Su et al.
[22] identified hypertension as an important determinant of
carotid atherosclerosis. All patients with >70% stenosis had
MCA infarction, whereas 57.14% of patients with 50—69%
stenosis had ACA infarction, demonstrating an association
between stenosis severity and vascular territory. ASPECTS
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showed significant inverse correlations with percentage stenosis
(r=-0.764), right ICA PSV (r=-0.518), left ICA PSV (r=-0.449),
right ICA/CCA ratio (r=-0.429), and left ICA/CCA ratio (r=-
0.428). Thus, increasing carotid stenosis and higher ICA
hemodynamic parameters were associated with lower
ASPECTS, supporting the complementary value of carotid
Doppler and NCCT for characterizing both carotid vascular
disease and the extent of cerebral ischemic change.

CONCLUSION

The study concludes that carotid artery Doppler and non-
contrast CT head are complementary imaging modalities in the
evaluation of ischemic stroke. Carotid Doppler effectively
identifies carotid atherosclerosis, plaque morphology, stenosis
severity, and hemodynamic abnormalities, while NCCT demon-
strates infarct location, vascular territory, and extent of ischemic
changes. Significant associations of carotid stenosis with
hypertension, diabetes, smoking, hyperlipidemia, and higher
ICA Doppler parameters emphasize the role of vascular risk
assessment. The strong inverse correlation between carotid
stenosis severity and ASPECTS indicates that increasing carotid
disease is associated with greater cerebral ischemic involve-
ment, supporting combined imaging for diagnosis, risk stratifi-
cation, and management.

LIMITATIONS & FUTURE PERSPECTIVES

The study was limited by its single-centre design, relatively
small sample size, and short duration, which may restrict
generalizability. Future research could focus on multi-center
studies with larger cohorts to validate findings, evaluate long-
term outcomes, and explore innovative diagnostic & manage-
ment strategies for appendicular perforation, improving patient
prognosis and reducing complications

CLINICALSIGNIFICANCE

The clinical significance of this study lies in its potential to
bridge the gap between research findings and practical health-
care applications. It emphasizes the importance of translating
scientific observations into meaningful improvements in patient
care, diagnosis, and treatment outcomes. By highlighting real
world relevance, the study contributes to evidence based
medical practice and supports informed clinical decision
making. Ultimately, the findings aim to enhance patient quality
of life, optimize therapeutic strategies, and promote better
disease management in clinical settings.
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ABBREVIATIONS

ICA: Internal Carotid Artery

CCA: Common Carotid Artery

MCA: Middle Cerebral Artery

NCCT: Non-Contrast Computed Tomography
ASPECTS: Alberta Stroke Program Early CT Score
CT: Computed Tomography

Doppler: Doppler Ultrasonography
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