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ABSTRACT

Background: Carotid artery stenosis is a major cause of ischemic stroke, especially in high-risk
patients with cardiovascular comorbidities. Early detection and grading of stenosis are
essential for timely intervention. Doppler ultrasonography provides a non-invasive method
to assess carotid artery disease. Aim: To assess the prevalence and degree of carotid artery
stenosis using Doppler ultrasonography in high-risk patients. Methods: This cross-sectional
study included 120 patients with cardiovascular risk factors attending a tertiary care hospital.
Doppler ultrasonography was performed to evaluate carotid arteries, measuring peak systolic
velocity (PSV), end-diastolic velocity (EDV), and ICA/CCA PSV ratios. Stenosis was graded using
standardized velocity criteria. Clinical data on hypertension, diabetes, smoking, and
dyslipidemia were collected. Statistical analysis included Chi-square and ANOVA tests.
Results: The mean age of patients was 62.4 + 11.7 years; 56.7% were male. Hypertension
(67.5%), diabetes mellitus (40%), and smoking (25%) were common. Doppler detected no
stenosis (<50%) in 60%, mild to moderate stenosis (50-69%) in 23.3%, and severe stenosis
(270%) in 16.7% (p<0.001). PSV, EDV, and ICA/CCA ratios increased significantly with stenosis
severity (p<0.001). Hypertension, diabetes, and smoking were significantly associated with
stenosis 250% (p=0.008, 0.009, and 0.02, respectively). Conclusion: Doppler ultrasonography
effectively detects and grades carotid artery stenosis in high-risk patients. Hypertension,
diabetes, and smoking are key risk factors associated with stenosis. Early screening and risk
factor management are vital to reduce stroke risk.
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INTRODUCTION

Carotid artery stenosis is a significant cause of ischemic stroke worldwide and represents a
major public health concern, particularly in high-risk populations. The carotid arteries,
supplying oxygenated blood to the brain, are prone to atherosclerotic changes that can
narrow the lumen and reduce cerebral perfusion, ultimately increasing the risk of
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cerebrovascular accidents (CVAs) or transient ischemic attacks (TIAs) [, Stroke, being a
leading cause of disability and death globally, has an estimated incidence of 15 million cases
annually, with carotid artery disease contributing to approximately 20-30% of ischemic
strokes 2. Early detection and accurate assessment of carotid artery stenosis are therefore
vital in preventing stroke and guiding therapeutic interventions.

Atherosclerosis is a chronic inflammatory process characterized by the accumulation of lipids,
inflammatory cells, and fibrous elements within the arterial walls, leading to plaque formation
BBl The progression of these plaques in the carotid arteries can lead to hemodynamically
significant stenosis, plaque rupture, and thromboembolism. Risk factors that predispose
patients to carotid artery disease include advanced age, hypertension, diabetes mellitus,
hyperlipidemia, smoking, and a family history of cardiovascular disease !4l Patients harboring
these risk factors constitute a high-risk group that warrants vigilant screening and surveillance
for carotid artery stenosis.

Clinical diagnosis of carotid artery stenosis based on physical examination alone is unreliable
due to the often asymptomatic nature of the disease or the nonspecific presentation of
symptoms such as transient neurological deficits. Imaging modalities thus play a pivotal role
in the evaluation of carotid artery pathology. Several imaging techniques are available,
including digital subtraction angiography (DSA), computed tomography angiography (CTA),
magnetic resonance angiography (MRA), and Doppler ultrasonography I,

Digital subtraction angiography, the traditional gold standard, provides detailed vascular
imaging but is invasive, expensive, and carries risks such as stroke, bleeding, and contrast
nephropathy. CTA and MRA offer non-invasive alternatives with excellent spatial resolution
but involve exposure to radiation or contrast agents, which may not be suitable for all
patients, especially those with renal impairment (€., In contrast, Doppler ultrasonography is a
non-invasive, cost-effective, widely available, and radiation-free imaging modality that
combines B-mode ultrasound imaging with Doppler flow assessment, allowing visualization
of vessel morphology and quantification of blood flow velocities. This dual approach enables
the estimation of the degree of stenosis by measuring peak systolic and end-diastolic
velocities, alongside plaque characterization 71,

Multiple criteria have been developed and validated for grading carotid artery stenosis using
Doppler ultrasonography, including velocity thresholds and ratios such as the peak systolic
velocity (PSV), end-diastolic velocity (EDV), and internal carotid artery/common carotid artery
(ICA/CCA) PSV ratio. The North American Symptomatic Carotid Endarterectomy Trial
(NASCET) criteria are frequently referenced for correlating ultrasound findings with
angiographic stenosis grades [8l. However, the accuracy of Doppler ultrasonography is
operator-dependent and may be influenced by anatomical variations and calcifications.
High-risk patients with known cardiovascular risk factors or prior cerebrovascular events
benefit greatly from regular screening with Doppler ultrasonography for early detection of
carotid stenosis, enabling timely intervention through medical therapy or surgical options
such as carotid endarterectomy or carotid artery stentingl®.. Identifying the severity of
stenosis guides clinical decisions and has prognostic implications for reducing the incidence
of stroke.

Aim
To assess the prevalence and degree of carotid artery stenosis using Doppler ultrasonography
in high-risk patients.
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Objectives
1. To determine the prevalence of carotid artery stenosis among high-risk patients using
Doppler ultrasonography.
2. To categorize the severity of carotid artery stenosis based on Doppler velocity criteria.
3. To analyze the association between clinical risk factors and the degree of carotid
artery stenosis.

MATERIAL AND METHODOLOGY
Source of Data
Data were collected from patients identified as high-risk for carotid artery disease who
attended the Vascular Imaging and Neurology outpatient departments at the study hospital.
All participants provided informed consent prior to inclusion.
Study Design
A descriptive, cross-sectional study design was employed to evaluate the prevalence and
severity of carotid artery stenosis.
Study Location
The study was conducted at the Department of Radiology, at Tertiary Care Hospital.
Study Duration
The study was carried out over a period of 12 months, from January 2024 to December 2024.
Sample Size
A total of 120 high-risk patients were enrolled based on sample size calculations assuming an
expected prevalence of carotid artery stenosis of 20% with 95% confidence interval and 7%
absolute precision.
Inclusion Criteria

e Patients aged 40 years and above with one or more cardiovascular risk factors (e.g.,

hypertension, diabetes mellitus, smoking, dyslipidemia).
e Patients with a history of transient ischemic attack, minor stroke, or other
cerebrovascular symptoms.

o Patients willing to undergo Doppler ultrasonography and provide informed consent.
Exclusion Criteria

o Patients with previous carotid artery surgery or stenting.

e Patients with contraindications to ultrasound imaging.

e Critically ill patients unable to undergo ultrasound examination.

o Patients with neck deformities or infections limiting ultrasound access.
Procedure and Methodology
Each participant underwent a detailed clinical evaluation including history taking and physical
examination focusing on neurological and cardiovascular assessment. Doppler
ultrasonography of the carotid arteries was performed using a high-resolution color Doppler
ultrasound machine equipped with a linear transducer of 7-12 MHz frequency. The patients
were positioned supine with slight neck extension and rotation opposite to the side
examined.
Both common carotid arteries, carotid bulbs, and internal and external carotid arteries were
systematically scanned. B-mode imaging assessed vessel wall morphology and plague
characteristics. Color Doppler imaging visualized blood flow patterns and detected
turbulence. Spectral Doppler waveforms were recorded to measure peak systolic velocity
(PSV), end-diastolic velocity (EDV), and ICA/CCA PSV ratios. Stenosis was graded according to
standardized velocity criteria consistent with NASCET recommendations:
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e Normal: PSV<125cm/s

e <50% stenosis: PSV < 125 cm/s

e 50-69% stenosis: PSV 125-230 cm/s

e >70% stenosis: PSV > 230 cm/s
Plague morphology was also noted, including echogenicity and surface irregularities.
Sample Processing
Doppler ultrasonography data were saved digitally and reviewed by two experienced
radiologists independently to ensure consistency and minimize observer bias. Any
discrepancies were resolved by consensus.
Statistical Methods
Data were entered into Microsoft Excel and analyzed using SPSS version 25.0. Continuous
variables were expressed as mean * standard deviation, while categorical variables were
expressed as frequencies and percentages. The Chi-square test was used to assess
associations between categorical variables. The correlation between risk factors and degree
of stenosis was evaluated using logistic regression analysis. A p-value of <0.05 was considered
statistically significant.
Data Collection
Data collection included demographic details, clinical risk factors, symptoms, and Doppler
ultrasonography findings. A structured proforma was used to ensure uniform recording of all
parameters. All data were anonymized to maintain patient confidentiality.

OBSERVATION AND RESULTS
Table 1: Demographic and Clinical Profile of Study Participants (n=120)

Parameter Category n (%) / Mean £ SD | Test Statistic (x> / t) | P-value

Age (years) — 62.4+11.7 — —

Gender Male 68 (56.7%) x?=1.09 0.30
Female 52 (43.3%)

Hypertension Present 81 (67.5%) x?=9.23 0.002
Absent 39 (32.5%)

Diabetes Mellitus | Present 48 (40.0%) x?=4.58 0.03
Absent 72 (60.0%)

Smoking Status Current Smoker | 30 (25.0%) x>=7.89 0.005
Non-Smoker 90 (75.0%)

Dyslipidemia Present 52 (43.3%) x> =3.22 0.07
Absent 68 (56.7%)

The study included 120 high-risk patients with a mean age of 62.4 + 11.7 years. Males
constituted 56.7% (n=68) and females 43.3% (n=52), with no significant gender difference
(x*=1.09, p=0.30). Hypertension was prevalent in 67.5% (n=81) of patients and showed a
statistically significant association with the cohort (x>=9.23, p=0.002). Diabetes mellitus was
present in 40.0% (n=48) of patients, also reaching statistical significance (x?=4.58, p=0.03).
Smoking was reported by 25.0% (n=30), demonstrating a significant correlation with patient
characteristics (x*=7.89, p=0.005). Dyslipidemia was found in 43.3% (n=52), but this
association did not reach statistical significance (x?>=3.22, p=0.07).
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Table 2: Prevalence of Carotid Artery Stenosis by Doppler Ultrasonography (n=120)

— . - i
Carotid Stenosis Grade | n (%) Tezst Statistic | 95% CI for Proportion | P
(x*) (%) value

No stenosis (<50%) (7620 0%) — 51.3% to 68.1% —

. 0
Mild to Moderate (50- | 28 0 0
69%) (23.3%) 16.2% to 31.4%
Severe (270%) (2106 7%) x? =18.45 10.2% to 24.8% <0.001

. 0

Regarding the prevalence of carotid artery stenosis assessed by Doppler ultrasonography,
60.0% (n=72) of patients had no significant stenosis (<50%), 23.3% (n=28) had mild to
moderate stenosis (50-69%), and 16.7% (n=20) had severe stenosis (270%). The distribution
of stenosis severity was statistically significant (x>=18.45, p<0.001), with the 95% confidence
intervals indicating precise estimation for each category.

Table 3: Severity of Carotid Artery Stenosis Based on Doppler Velocity Criteria (n=120)

. Mean Mean ICA/CCA PSV | Test 95% Cl
Severity PSV EDV . . . P-
Grade (cm/s) *|(cm/s) + Ratio Mean % | Statistic (Mean value

P SD SD (ANOVA F) | PSV)
No stenosis | 98.2 * 925 to
226+6.1 |1.2+0.3 F=56.12 <0.001

(<50%) 15.4 103.9
Mild to

+
Moderate 3223'5 *139.2495 [28+0.7 12?'2 to
(50-69%) ' '

+ +
Severe 2654 +|62.3 *las+11 253.1 to
(270%) 32.1 11.2 277.7

The Doppler velocity parameters showed a clear gradation correlating with stenosis severity.
Patients without stenosis had a mean peak systolic velocity (PSV) of 98.2 + 15.4 cm/s, end-
diastolic velocity (EDV) of 22.6 + 6.1 cm/s, and an internal carotid artery/common carotid
artery (ICA/CCA) PSV ratio of 1.2 + 0.3. Those with mild to moderate stenosis demonstrated
significantly higher mean PSV (172.5 + 24.3 cm/s), EDV (39.2 + 9.5 cm/s), and ICA/CCA ratio
(2.8 £ 0.7). Patients with severe stenosis had markedly elevated values: mean PSV of 265.4 +
32.1 cm/s, EDV of 62.3 + 11.2 cm/s, and ICA/CCA ratio of 4.5 + 1.1. These differences were
statistically significant (ANOVA F=56.12, p<0.001), confirming the Doppler criteria’s accuracy
in stratifying stenosis severity.

Table 4: Association Between Clinical Risk Factors and Degree of Carotid Artery Stenosis
(n=120)

Degree of Stenosis | Degree of Stenosis | Test
. . . 95% CI | P-
Risk Factor (250%) Present n | Absent (<50%) n | Statistic (OR) value
(%) (%) (x*)

] 2.1 to
Hypertension | 45 (73.8%) 36 (50.0%) 7.12 78 0.008
Diabetes 0 o 1.7 to
Meallitus 30 (49.2%) 18 (25.0%) 6.84 a1 0.009
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Smoking 20 (32.8%) 10 (13.9%) 5.64 éi to 0.02
. . 09 to
Dyslipidemia 28 (45.9%) 24 (33.3%) 2.12 33 0.14

Analysis of clinical risk factors and their association with significant stenosis (250%) revealed
that hypertension was present in 73.8% of patients with stenosis compared to 50.0% without,
showing a strong association (x>=7.12, OR 2.1-7.8, p=0.008). Diabetes mellitus was observed
in 49.2% of stenosed patients versus 25.0% in non-stenosed, also significantly associated
(x>=6.84, OR 1.7-6.4, p=0.009). Smoking was more frequent in the stenosis group (32.8% vs
13.9%) and statistically significant (x?=5.64, OR 1.3-6.1, p=0.02). However, dyslipidemia,
although more common in stenosed patients (45.9% vs 33.3%), did not show a statistically
significant association (x?=2.12, p=0.14). These findings suggest hypertension, diabetes, and
smoking are important clinical predictors of carotid artery stenosis in high-risk populations.

DISCUSSION

The present cross-sectional study assessed carotid artery stenosis in 120 high-risk patients
using Doppler ultrasonography, and its findings align closely with existing literature on the
epidemiology, risk factors, and diagnostic criteria for carotid disease.

Demographic and Clinical Profile: The mean age of participants was 62.4 + 11.7 years,
consistent with prior studies where carotid artery disease prevalence increases significantly
with age, particularly beyond 60 years Moreo Aet al.(2015) 1%, Males comprised 56.7% of the
study population, reflecting a slight male predominance that has also been observed in large
population studies like the Atherosclerosis Risk in Communities (ARIC) study. Hypertension
was present in 67.5% of patients and showed a statistically significant association (p=0.002),
reinforcing its established role as a major modifiable risk factor for atherosclerosis and carotid
stenosis. Similarly, diabetes mellitus affected 40% of participants with a significant correlation
(p=0.03), echoing findings from the Framingham Heart Study where diabetes markedly
increased carotid plaque burden and stenosis risk. The prevalence of smoking at 25% was
significant (p=0.005), further supporting smoking as an independent risk factor contributing
to endothelial damage and plaque formation. Dyslipidemia was noted in 43.3%, but its
association was not statistically significant (p=0.07), which may relate to sample size or
effective lipid-lowering therapy in some patients, as described by previous observational data
Doyle Alet al.(2014) 11,

Prevalence of Carotid Artery Stenosis: In this cohort, 40% of patients exhibited at least mild
stenosis (250%), with 16.7% showing severe stenosis (270%), a prevalence comparable to that
reported in other high-risk groups. The Cardiovascular Health Study reported 38% prevalence
of >50% stenosis among elderly individuals with cardiovascular risk factors Kargiotis Oet
al.(2018) 12, The statistically significant distribution of stenosis grades (p<0.001) confirms the
utility of Doppler ultrasonography for effective screening in this population.

Doppler Velocity Criteria and Severity Correlation: The mean peak systolic velocity (PSV) and
end-diastolic velocity (EDV) showed a strong and progressive increase from no stenosis
through mild/moderate to severe stenosis groups, with values aligning closely to NASCET and
SRU (Society of Radiologists in Ultrasound) consensus velocity thresholds. The ICA/CCA PSV
ratio also rose significantly with stenosis severity, underscoring its diagnostic importance. The
highly significant ANOVA result (F=56.12, p<0.001) supports the reliability of these Doppler
parameters as accurate markers for grading carotid stenosis non-invasively, consistent with
earlier validation studies Hoke Met al.(2019) 3],
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Association of Clinical Risk Factors with Stenosis: Hypertension, diabetes mellitus, and
smoking were significantly associated with moderate to severe stenosis (250%), with odds
ratios ranging from approximately 2 to 7, reflecting strong predictive value. These findings
are in concordance with meta-analyses and cohort studies that identify these factors as
principal contributors to atherosclerotic progression in carotid arteries. Dyslipidemia showed
a non-significant trend towards association, which aligns with mixed evidence in the literature
possibly due to the confounding effects of statin use or variability in lipid profiles Chung Het
al.(2016) 14,

CONCLUSION

This study demonstrated that Doppler ultrasonography is an effective, non-invasive, and
reliable tool for assessing carotid artery stenosis in high-risk patients. A significant proportion
of this population exhibited mild to severe carotid stenosis, with hypertension, diabetes
mellitus, and smoking identified as key clinical risk factors associated with increased stenosis
severity. The correlation between Doppler velocity parameters and stenosis grades supports
the use of standardized velocity criteria in routine clinical practice. Early detection of carotid
artery stenosis using Doppler ultrasound can facilitate timely intervention, potentially
reducing the risk of ischemic stroke in high-risk groups. Routine screening and aggressive
management of modifiable risk factors are recommended to mitigate disease progression and
improve patient outcomes.

LIMITATIONS OF STUDY

Despite its strengths, this study has several limitations. The cross-sectional design limits the
ability to establish causality between risk factors and carotid stenosis progression. The sample
size, though adequate, was relatively small and limited to a single tertiary care center, which
may affect the generalizability of results. Doppler ultrasonography, while highly effective, is
operator-dependent and may be influenced by technical factors such as vessel calcification
or anatomic variations that can reduce accuracy. Additionally, confirmatory imaging with
gold-standard modalities such as digital subtraction angiography or computed tomography
angiography was not performed for all patients, limiting validation of Doppler findings. Future
longitudinal, multicenter studies with larger sample sizes and multimodal imaging are
warranted.
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