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ABSTRACT 

Background: Carotid artery stenosis is an important contributor to cerebral ischemic events, and accurate vascular imaging is required for 
appropriate clinical assessment. Carotid Doppler ultrasonography (CDUS) offers a noninvasive and accessible alternative to CT angiography 
(CTA). Objective: To determine the diagnostic accuracy of CDUS for detecting carotid artery stenosis in patients with cerebral ischemic events, 
using CTA as the reference standard. Methods: This cross-sectional diagnostic-accuracy study included 120 patients aged 18–75 years 
presenting to the Department of Radiology, KRL Hospital, Islamabad, from 1 January to 5 April 2025. All participants underwent CDUS and CTA. 
Diagnostic performance was evaluated using a 2 × 2 contingency table with calculation of sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), overall accuracy, and intramodality agreement. Results: CTA identified stenosis in 64 (53.3%) patients, while 
CDUS was positive in 68 (56.7%). CDUS yielded 60 true-positive, 48 true-negative, 8 false-positive, and 4 false-negative findings. Sensitivity was 
93.8% (95% CI, 85.0–97.5), specificity 85.7% (74.3–92.6), PPV 88.2% (78.5–93.9), NPV 92.3% (81.8–97.0), and overall accuracy 90.0% (83.3–94.2). 
Cohen’s κ was 0.80, indicating substantial agreement. Conclusion: CDUS demonstrated high sensitivity, good specificity, and substantial 
agreement with CTA, supporting its use as a noninvasive initial modality for evaluating carotid artery stenosis in patients with cerebral ischemic 
events. Keywords: Carotid artery stenosis; carotid Doppler ultrasonography; CT angiography; cerebral ischemic events; diagnostic accuracy. 

INTRODUCTION 

Stroke and transient ischemic attack (TIA) remain major causes of mortality, long-term neurological disability, and 
recurrent cerebrovascular morbidity worldwide. A substantial proportion of ischemic cerebrovascular events are 
associated with atherosclerotic disease of the extracranial carotid arteries, making timely identification of 
clinically important carotid artery stenosis an essential component of secondary stroke prevention (1). Accurate 
determination of the presence and severity of carotid stenosis has direct implications for risk stratification and 
therapeutic decision-making, including optimization of medical therapy and selection of appropriately evaluated 
patients for carotid endarterectomy or carotid artery stenting (2). Contemporary stroke-prevention guidelines 
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therefore emphasize early vascular assessment in patients presenting with ischemic stroke or TIA, particularly 
when large-artery atherosclerotic disease is suspected (3). 

The clinical importance of carotid imaging is closely related to the degree of arterial narrowing and the patient's 
symptomatic status. Management decisions may differ substantially between mild, moderate, and severe carotid 
stenosis, and accurate classification is particularly important when considering revascularization in symptomatic 
patients (4). Several imaging modalities are available for evaluating extracranial carotid disease, including duplex 
or carotid Doppler ultrasonography, computed tomographic angiography (CTA), magnetic resonance angiography, 
and catheter-based digital subtraction angiography. Among these, carotid Doppler ultrasonography (CDUS) is 
widely used as an initial investigation because it is noninvasive, comparatively inexpensive, widely accessible, 
repeatable, and capable of providing both structural and hemodynamic information. Nevertheless, its diagnostic 
performance depends on standardized acquisition and interpretation, particularly when differentiating clinically 
relevant categories of stenosis (5). 

CTA provides high-resolution visualization of the arterial lumen, plaque-related narrowing, occlusion, and vascular 
anatomy and is commonly used as a confirmatory noninvasive reference examination in symptomatic carotid 
disease. Its rapid acquisition and detailed multiplanar and three-dimensional reconstruction make it particularly 
useful in patients undergoing acute or subacute cerebrovascular assessment. However, CTA requires ionizing 
radiation and iodinated contrast administration and may therefore be unsuitable or less desirable in some patients, 
including those with significant renal impairment or contrast hypersensitivity. Evidence comparing carotid 
ultrasonography with CTA and other vascular imaging techniques has shown generally good diagnostic 
performance, particularly for clinically significant stenosis, while also demonstrating that accuracy may vary 
according to stenosis threshold, imaging protocol, plaque characteristics, and technical factors (6).  

Previous diagnostic-accuracy studies have reported high sensitivity and specificity for duplex ultrasonography 
when CTA is used as the reference test. Recent comparative evidence has shown substantial agreement between 
duplex ultrasonography and CTA for the identification of significant carotid atherosclerotic stenosis, although 
discrepancies may occur in individual patients and across different stenosis categories (7). Evidence from Pakistan 
has similarly demonstrated favorable diagnostic performance. In a study conducted at the Armed Forces Institute 
of Radiology and Imaging involving 85 patients and 170 carotid arteries, duplex ultrasonography demonstrated a 
sensitivity of 92.0%, specificity of 89.0%, positive predictive value of 89.8%, negative predictive value of 92.5%, 
and overall diagnostic accuracy of 91.1% compared with CTA (8). These findings support the potential usefulness of 
CDUS as a first-line assessment modality, particularly in settings where immediate access to CTA may be limited. 

Despite this generally favorable performance, carotid Doppler assessment is influenced by several patient-related 
and technical factors. Doppler-derived estimates of stenosis depend substantially on blood-flow velocity 
measurements, appropriate insonation angle, arterial anatomy, and the hemodynamic consequences of luminal 
narrowing. Plaque morphology may also affect velocity-based interpretation and agreement between ultrasound 
and angiographic measurements (9). Studies examining peak systolic velocity and angiographic stenosis grading 
further demonstrate that the relationship between Doppler parameters and anatomical narrowing is strong but not 
uniform across all degrees of carotid stenosis (10). Consequently, diagnostic performance established in one 
population or imaging environment cannot necessarily be assumed to apply unchanged to another, particularly 
where operator expertise, equipment, vascular-risk profiles, and disease severity differ. 

Patients presenting with recent cerebral ischemic events represent a clinically important population in whom rapid, 
accurate, and accessible assessment of carotid artery disease may influence subsequent investigation and 
management. However, locally relevant evidence regarding the diagnostic performance of CDUS against CTA in 
such symptomatic patients remains limited, particularly with respect to variation in performance across patient 
characteristics and different degrees of stenosis. Establishing the reliability of CDUS in this setting may help clarify 
its role as an initial diagnostic modality while identifying circumstances in which confirmatory CTA remains 
necessary. 

Therefore, this cross-sectional diagnostic-accuracy study aimed to determine the diagnostic accuracy of carotid 
Doppler ultrasonography for detecting carotid artery stenosis in patients with cerebral ischemic events, using CT 
angiography as the reference standard. The primary objective was to determine the sensitivity, specificity, positive 
predictive value, negative predictive value, and overall diagnostic accuracy of CDUS compared with CTA. Secondary 
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analyses were intended to examine whether diagnostic performance varied according to selected patient 
characteristics and the severity of carotid stenosis. 

MATERIALS AND METHODS 

This cross-sectional diagnostic-accuracy study was conducted in the Department of Radiology, KRL Hospital, 
Islamabad, Pakistan, from 1 January 2025 to 5 April 2025. The study was designed to evaluate the diagnostic 
performance of carotid Doppler ultrasonography (CDUS) for detecting carotid artery stenosis in patients with 
recent cerebral ischemic events, using computed tomographic angiography (CTA) as the reference standard. The 
target population comprised adult patients presenting with ischemic stroke or transient ischemic attack (TIA) who 
were clinically suitable to undergo both CDUS and CTA during the study period. 

Patients aged 18–75 years with a history of ischemic stroke or TIA within the preceding six months were eligible for 
inclusion. Neurological status was assessed clinically, with the National Institutes of Health Stroke Scale used as 
part of the evaluation of neurological deficit. Patients were required to be medically suitable for completion of both 
carotid Doppler ultrasonography and contrast-enhanced CTA to allow direct comparison of the index and reference 
tests. Patients were excluded if they had previously undergone carotid endarterectomy or carotid artery stenting, 
had a known allergy to iodinated contrast material, had severe renal impairment, or had another medical condition 
that contraindicated contrast-enhanced CT imaging. 

Participants were enrolled using a non-probability consecutive sampling technique. Eligible patients presenting 
through the relevant outpatient or emergency services during the study period were considered for recruitment 
until the required sample size was achieved. A total sample of 120 patients was calculated using previously reported 
diagnostic-performance estimates for Doppler ultrasonography, including an anticipated sensitivity of 92% and 
specificity of 89%, with an expected prevalence of carotid stenosis of 50.5%, a 95% confidence level, and an 
absolute precision of 8%. Written informed consent was obtained from each participant before enrollment and 
imaging. Participants were informed about the study procedures, voluntary nature of participation, potential 
benefits, and risks associated with iodinated contrast administration, including nausea, hypersensitivity reactions, 
and renal complications. 

All enrolled participants underwent carotid Doppler ultrasonography followed by assessment with CTA. CDUS was 
performed using a GE VOLUSON P9 ultrasound system equipped with curvilinear 2.5–5 MHz and linear 5–7 MHz 
transducers. B-mode imaging and pulsed-wave Doppler assessment were used to evaluate the carotid arteries for 
luminal narrowing, atherosclerotic plaque, thrombosis, and associated hemodynamic changes. Doppler 
measurements were obtained with the insonation angle maintained below 60°, with optimization of pulse-
repetition frequency and waveform acquisition to improve velocity assessment. Doppler-derived flow 
characteristics were interpreted together with grayscale morphological findings because velocity measurements 
and plaque characteristics may influence ultrasonographic classification of carotid stenosis (9,10).  

Carotid plaques identified on ultrasonography were categorized as soft, calcified, or mixed according to their 
sonographic appearance. The severity of carotid stenosis was classified as mild (<50%), moderate (50–69%), severe 
(70–99%), or complete occlusion (100%). These categories were subsequently compared with the corresponding 
CTA findings. CTA was performed using multidetector computed tomography following intravenous administration 
of iodinated contrast material. Multiplanar and three-dimensional vascular reconstructions were used to evaluate 
the carotid arteries for luminal narrowing, atheromatous change, occlusion, and collateral circulation. CTA served 
as the reference examination against which the diagnostic performance of CDUS was assessed.  

Demographic, clinical, and imaging information was recorded on a structured data-collection proforma. Recorded 
variables included age, sex, body mass index, clinical presentation as stroke or TIA, vascular comorbidities 
including hypertension, diabetes mellitus, and hyperlipidemia, plaque morphology, stenosis severity, and the 
findings of CDUS and CTA. Because both imaging modalities were performed in the same study population, 
diagnostic classification could be directly cross tabulated at the participant level. CDUS results were classified as 
true positive, true negative, false positive, or false negative according to the corresponding CTA classification. 

Data were analyzed using IBM SPSS Statistics version 23.0. Quantitative variables, including age and body mass 
index, were summarized using means and standard deviations, whereas categorical variables, including sex, 
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comorbidities, clinical presentation, plaque characteristics, and stenosis categories, were summarized as 
frequencies and percentages. A 2 × 2 contingency table was constructed by comparing CDUS findings with CTA 
findings. Diagnostic performance was expressed as sensitivity, specificity, positive predictive value, negative 
predictive value, and overall diagnostic accuracy. 

Sensitivity was defined as the proportion of CTA-positive patients correctly identified by CDUS, specificity as the 
proportion of CTA-negative patients correctly classified by CDUS, positive predictive value as the proportion of 
CDUS-positive findings confirmed by CTA, negative predictive value as the proportion of CDUS-negative findings 
without stenosis on CTA, and overall accuracy as the proportion of correctly classified participants among all 
evaluated participants. Stratified analyses were performed according to selected potential effect modifiers, 
including age, sex, comorbidities, and severity of stenosis. Statistical significance was evaluated at a two-sided p-
value of <0.05. 

The study was conducted after ethical approval under reference number CPSP/REU/RAD-2023-045-4123. Written 
informed consent was obtained from all participants before studying procedures. Participation was voluntary, and 
patients were informed that refusal to participate would not affect their routine clinical care. Particular attention 
was given to patient safety before CTA, including assessment for contraindications to identified contrast 
administration. 

RESULTS 

A total of 120 patients with cerebral ischemic events were included in the analysis. The mean age was 58.4 ± 10.2 
years; 72 (60.0%) participants were male and 48 (40.0%) were female. Hypertension was present in 78 (65.0%) 
patients, diabetes mellitus in 54 (45.0%), and hyperlipidemia in 42 (35.0%). Ischemic stroke was the presenting 
cerebral ischemic event in 84 (70.0%) patients, whereas 36 (30.0%) presented with transient ischemic attack (Table 
1). 

Table 1. Baseline Demographic and Clinical Characteristics of Participants 

Characteristic Total sample (n=120) 
Age, years, mean ± SD 58.4 ± 10.2 
Male, n (%) 72 (60.0) 
Female, n (%) 48 (40.0) 
Hypertension, n (%) 78 (65.0) 
Diabetes mellitus, n (%) 54 (45.0) 
Hyperlipidemia, n (%) 42 (35.0) 
Ischemic stroke, n (%) 84 (70.0) 
Transient ischemic attack, n (%) 36 (30.0) 

SD, standard deviation. 

Using CT angiography as the reference standard, carotid artery stenosis was present in 64 (53.3%) patients and 
absent in 56 (46.7%). Carotid Doppler ultrasonography classified 68 (56.7%) patients as positive and 52 (43.3%) as 
negative. Among the 64 CTA-positive patients, CDUS correctly identified 60 and missed 4. Among the 56 CTA-
negative patients, 48 were correctly classified as negative and 8 were classified as false positive (Table 2).  

Table 2. Cross-tabulation of Carotid Doppler Ultrasonography Against CT Angiography 

CT angiography CDUS positive, n (%) CDUS negative, n (%) Total, n (%) 
Stenosis present 60 (50.0) 4 (3.3) 64 (53.3) 
Stenosis absent 8 (6.7) 48 (40.0) 56 (46.7) 
Total 68 (56.7) 52 (43.3) 120 (100.0) 

Values are n (% of the total sample). CDUS, carotid Doppler ultrasonography; CT, computed tomography.  

Based on these paired findings, CDUS demonstrated a sensitivity of 93.8% (95% CI, 85.0–97.5) and specificity of 
85.7% (95% CI, 74.3–92.6). The positive predictive value was 88.2% (95% CI, 78.5–93.9), whereas the negative 
predictive value was 92.3% (95% CI, 81.8–97.0). Overall diagnostic accuracy was 90.0% (95% CI, 83.3–94.2). The 
positive likelihood ratio was 6.56 (95% CI, 3.44–12.50), while the negative likelihood ratio was 0.07 (95% CI, 0.03–
0.19), indicating a substantial increase in the probability of stenosis following a positive CDUS result and a marked 
reduction following a negative result. The derived diagnostic odds ratio was 90.00 (95% CI, 25.56–316.92) (Table 3). 
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Table 3. Diagnostic Performance of Carotid Doppler Ultrasonography Using CT Angiography as the Reference Standard 

Diagnostic measure Estimate 95% CI 
Sensitivity, % 93.8 85.0–97.5 
Specificity, % 85.7 74.3–92.6 
Positive predictive value, % 88.2 78.5–93.9 
Negative predictive value, % 92.3 81.8–97.0 
Overall accuracy, % 90.0 83.3–94.2 
Positive likelihood ratio 6.56 3.44–12.50 
Negative likelihood ratio 0.07 0.03–0.19 
Diagnostic odds ratio 90.00 25.56–316.92 

CI, confidence interval. Confidence intervals for proportions were calculated using the Wilson method; likelihood-
ratio and diagnostic-odds-ratio confidence intervals were calculated on the logarithmic scale. 

Agreement between CDUS and CTA was high, with identical classifications in 108 of 120 patients, corresponding to 
an observed agreement of 90.0%. Cohen's kappa was 0.80 (95% CI, 0.69–0.91; p<0.001). Among the 12 discordant 
examinations, 8 were CDUS-positive/CTA-negative and 4 were CDUS-negative/CTA-positive. Exact McNemar 
testing showed no statistically significant directional difference between the discordant classifications (p=0.388) 
(Table 4). 

Table 4. Agreement Between Carotid Doppler Ultrasonography and CT Angiography 

Agreement measure Estimate 95% CI p-value 
Observed agreement, % 90.0 — — 
Cohen's κ 0.80 0.69–0.91 <0.001 
McNemar exact test — — 0.388 

CI, confidence interval; κ, Cohen's kappa. McNemar testing was based on the 12 discordant paired observations. 

Overall, CDUS demonstrated high sensitivity and negative predictive value against CTA, with only 4 of 64 CTA-
positive cases classified as negative by CDUS. Specificity was comparatively lower because 8 of 56 CTA-negative 
patients were classified as positive by CDUS. The likelihood-ratio estimates and substantial inter-modality 
agreement further support the diagnostic discrimination of CDUS in this study population. 

DISCUSSION 

The present study found that carotid Doppler ultrasonography demonstrated high diagnostic performance for 
detecting carotid artery stenosis in patients with recent cerebral ischemic events when CTA was used as the 
reference standard. The principal finding was the high sensitivity and negative predictive value of CDUS, 
accompanied by somewhat lower specificity. Agreement between the two imaging modalities was substantial, and 
the low negative likelihood ratio indicates that a negative CDUS examination substantially reduced the probability 
of carotid stenosis within this study population. At the same time, the occurrence of false-positive and false-
negative classifications indicates that CDUS and CTA should not be regarded as completely interchangeable 
diagnostic modalities. 

The observed diagnostic performance is broadly comparable with previously reported evidence. A Pakistani study 
involving 85 patients and 170 carotid arteries reported a sensitivity of 92.0%, specificity of 89.0%, and overall 
diagnostic accuracy of 91.1% for duplex ultrasonography compared with CTA (8). The present study demonstrated 
a similar sensitivity of 93.8% and overall accuracy of 90.0%, although specificity was somewhat lower at 85.7%. 
Differences in specificity between studies may reflect variation in the study population, prevalence and spectrum 
of stenosis, diagnostic thresholds, operator technique, ultrasound equipment, arterial anatomy, and the criteria 
used to translate Doppler velocity measurements into stenosis categories. Previous studies have shown that peak 
systolic velocity and other Doppler-derived parameters correlate with angiographic stenosis but that the 
relationship is not uniform across all grades of disease (9,10). 

The findings are also consistent with broader evidence supporting duplex ultrasonography as an effective 
noninvasive modality for evaluating symptomatic carotid stenosis. Systematic evidence has demonstrated good 
diagnostic performance of duplex ultrasound, particularly for clinically important degrees of stenosis, while also 
emphasizing heterogeneity in diagnostic thresholds and study protocols (5). Multimodality imaging studies similarly 
indicate that ultrasound, CTA, and magnetic resonance angiography each have important strengths and limitations 
and that discrepancies may arise because ultrasound primarily evaluates hemodynamic consequences of arterial 
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narrowing, whereas CTA provides predominantly anatomical characterization of the arterial lumen and surrounding 
plaque (11). Accurate grading is also influenced by how stenosis is measured and classified, highlighting the 
importance of standardized anatomical and hemodynamic criteria when different modalities are compared (12). 

The likelihood-ratio estimates provide additional clinical context to the conventional measures of sensitivity and 
specificity. The positive likelihood ratio of 6.56 indicates that a positive CDUS result meaningfully increases the 
probability of carotid stenosis, whereas the negative likelihood ratio of 0.07 indicates a marked reduction in 
probability following a negative examination. However, 8 of 56 CTA-negative patients were classified as positive by 
CDUS, accounting for the lower specificity and indicating that a positive Doppler result may require anatomical 
confirmation when subsequent management depends on accurate characterization of the lesion. Conversely, only 
4 of 64 CTA-positive cases were classified as negative by CDUS. Because grade-specific information for these 
discordant examinations was not available from the validated 2 × 2 analysis, the present findings should not be 
interpreted as demonstrating equivalent sensitivity across mild, moderate, severe, and occlusive disease. 

The substantial agreement observed between the two modalities further supports the usefulness of CDUS as an 
initial vascular assessment tool. Nevertheless, the absence of a statistically significant directional difference 
between discordant examinations on McNemar testing does not demonstrate equivalence between CDUS and CTA; 
rather, it indicates that the available paired data did not show systematic predominance of one direction of 
disagreement. Cross-sectional imaging remains particularly valuable when detailed anatomical characterization is 
needed, including assessment of complex stenosis or suspected occlusion, because diagnostic disagreement 
between duplex ultrasound and tomographic angiographic techniques can occur in clinically important cases 
(13,14). 

Several technical factors may explain such discrepancies. CDUS estimates the severity of stenosis primarily 
through changes in blood-flow velocity and waveform characteristics together with grayscale assessment of the 
arterial wall and plaque. Measurements can therefore be influenced by insonation angle, vessel tortuosity, altered 
cardiac output, tandem lesions, near-occlusive flow patterns, calcification, and operator-dependent acquisition. 
Relationships between peak systolic velocity and angiographic narrowing are consequently strong but imperfect 
(9,10). CTA, in contrast, directly depicts luminal anatomy and facilitates multiplanar assessment, although heavy 
calcification, reconstruction technique, and the method used to quantify luminal narrowing can also influence 
stenosis classification (11,12). These modality-specific characteristics provide a plausible explanation for the 
observed combination of high overall agreement with a limited number of discordant examinations.  

From a clinical perspective, the high sensitivity and negative predictive value observed in this symptomatic 
population support CDUS as a useful noninvasive first-line investigation where rapid vascular assessment is 
required. This is relevant because identification of carotid stenosis after ischemic stroke or TIA contributes to risk 
stratification and subsequent decisions regarding medical therapy and consideration of carotid revascularization 
in appropriately selected patients (1–4). The findings should not, however, be interpreted as evidence that CDUS 
alone improves clinical outcomes or can universally replace CTA. Rather, they support a complementary diagnostic 
pathway in which ultrasound can provide an accessible initial assessment, while cross-sectional angiographic 
imaging can provide additional anatomical information when results are positive, discordant, technically limited, or 
likely to influence procedural planning. 

The study has several strengths, including the paired evaluation of CDUS and CTA in the same symptomatic patient 
population, inclusion of 120 participants, and the use of a complete 2 × 2 diagnostic classification that permitted 
estimation of sensitivity, specificity, predictive values, likelihood ratios, overall accuracy, and intermodality 
agreement. Nevertheless, several limitations should be considered. The single-center design limits generalizability 
to institutions with different patient populations, equipment, and operator expertise. Diagnostic ultrasound is 
inherently operator dependent, and interobserver variability was not quantified. The study population had a 
relatively high prevalence of CTA-confirmed stenosis, meaning that the reported positive and negative predictive 
values may not be directly transferable to populations with substantially different disease prevalence. CTA was used 
as the study reference standard rather than invasive digital subtraction angiography, and no imaging reference 
standard is entirely free of measurement limitations. In addition, the available validated data did not permit reliable 
grade-specific diagnostic-accuracy analysis or robust assessment of diagnostic performance across age, sex, 
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plaque morphology, and comorbidity subgroups. These factors should be considered when interpreting the findings 
beyond the studied population. 

Overall, the findings indicate that carotid Doppler ultrasonography provides clinically useful diagnostic 
discrimination for carotid artery stenosis in patients presenting with cerebral ischemic events, particularly 
because of its high sensitivity and ability to reduce the probability of disease following a negative examination. Its 
lower specificity relative to sensitivity and the presence of discordant examinations reinforce the complementary 
role of CTA when precise anatomical confirmation is required. 

CONCLUSION 

Carotid Doppler ultrasonography demonstrated high sensitivity, good specificity, and substantial agreement with 
CT angiography for detecting carotid artery stenosis in patients with cerebral ischemic events, with an overall 
diagnostic accuracy of 90.0%. These findings support CDUS as a useful noninvasive initial assessment modality, 
particularly for identifying patients unlikely to have stenosis, while CTA remains valuable when anatomical 
confirmation and precise characterization of carotid disease are required. 
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