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ABSTRACT

Objetive: to evaluate the efficiency of Duplex Ultrasonography (DUS) for monitoring and screening of Carotid 
Artery Stenosis (CAS).
Method: PubMed, Web of Science, Cochrane, and SCOPUS were searched for relevant articles. The quality 
assessment of the included studies was conducted according to the Cochrane Risk of Bias Tool.
Results: our meta-analysis included six articles. We found that carotid DUS could detect mild CAS in 25 %, 
moderate CAS in 13 %, severe CAS in 14,5 % of the examined vessels, detection of carotid artery plaques in 
36,5 % of the examined vessels, and abnormal intima thickness in 21,5 % of the examined vessels.
Conclusion: DUS is an important exam in the identification of patients with symptomatic CAS. It can improve 
clinical practice and provide cost-effective management for CAS. Carotid DUS showed high specificity and 
sensitivity in the diagnosis of CAS, especially a severe degree of stenosis.

Keywords: Duplex Ultrasonography; Ischemic Stroke; Meta-Analysis; Carotid Artery Stenosis; Diagnostic 
Imaging.

RESUMEN

Objetivo: evaluar la eficacia de la ultrasonografía dúplex (EDD) para la monitorización y el cribado de la 
estenosis de la arteria carótida (EAC).
Método: se realizaron búsquedas de artículos relevantes en PubMed, Web of Science, Cochrane y SCOPUS. 
La evaluación de la calidad de los estudios incluidos se realizó según la Herramienta Cochrane de Riesgo de 
Sesgo (Cochrane Risk of Bias Tool).
Resultados: nuestro metaanálisis incluyó seis artículos. Se observó que la EUS carotídea podía detectar una 
EAC leve en el 25 %, una EAC moderada en el 13 % y una EAC grave en el 14,5 % de los vasos examinados, la 
detección de placas en la arteria carótida en el 36,5 % de los vasos examinados y un grosor anormal de la 
íntima en el 21,5 % de los vasos examinados.
Conclusiones: la EUS es un examen importante en la identificación de pacientes con EAC sintomática. Puede 
mejorar la práctica clínica y proporcionar un tratamiento rentable de la EAC. La EUS carotídea mostró una 
elevada especificidad y sensibilidad en el diagnóstico de la EAC, especialmente en el caso de un grado grave 
de estenosis.

Palabras clave: Ecografía Dúplex; Ictus Isquémico; Meta-Análisis; Estenosis de la Arteria Carótida; Diagnóstico 
por Imagen.
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INTRODUCTION

Research Problem
Begin by clearly defining the research problem within the first or second paragraph. Highlight the gap in 

current knowledge or practice that your study aims to address. For instance, Despite the known impact of CAS 
on stroke risk, there remains uncertainty regarding the most effective methods for its screening and monitoring.

Research Aim and Questions
While the manuscript eventually states an aim, the transition from background to the study’s purpose lacks 

clarity, and research questions are not explicitly stated.
Clearly articulate the aim of the study at the end of the introduction. Following the statement of aim, 

present specific research questions that the study seeks to answer. This could be structured as follows: 
The aim of study is to evaluate the efficiency of duplex ultrasonography in the monitoring and screening of 

carotid artery stenosis. Specifically, we seek to answer the following research questions:
1. How effective is Duplex U/S compared to other imaging modalities such as magnetic resonance 

angiography or computed tomography angiography in diagnosing and predicting the course of the carotid 
artery stenosis for ischemic stroke?

2. How many errors does Duplex Ultrasonography of the carotid arteries have in identifying stenosis 
in relation with different patients who are in various age groups, are different sexes, or are with other 
diseases like hypertension or diabetes?

3. What are the best practices and criteria to be used in performing Duplex Ultrasonography both in 
screening and in the periodical check-up for the evaluation of carotid artery stenosis as a risk marker 
of ischemic stroke, and how do they relate to the accuracy and authenticity of the diagnostic findings?

Worldwide, cerebrovascular stroke is ranked as the third most common cause of death, and most likely the 
primary factor contributing to long-term disability.(1) Ischemic and hemorrhagic strokes are the two primary 
types. Ischemic strokes account for about 87 % of all strokes, with carotid artery stenosis (CAS), hypertension, 
and cardiac arrhythmias being the primary causes.(2,3) About 8 % of all strokes are caused by CAS. Prior studies 
have demonstrated that in patients with transient ischemic attack (TIA) or minor ischemic stroke, CAS is linked 
to an increased risk of recurrence.(4) The opportunity to proceed with carotid artery revascularization in order 
to stop a new ischemic episode that could result in a stroke or death is the main reason for identifying people 
with CAS.(5,6)

Carotid revascularization could be accomplished through conventional or endovascular surgical treatment.
(7) The idea is to restore enough blood flow. Strong evidence suggests that, within two weeks of the neurologic 
episode, a carotid endarterectomy should be carried out.(8) The degree of CAS continues to be the primary 
consideration in determining the best course of treatment. Clinically, there are four categories for extracranial 
CAS: mild (<50 %), moderate (50–69 %), severe (70–99 %), and blockage (100 %).(9) Every threshold affects 
the patient’s options for treatment. The simplicity, reproducibility, and noninvasiveness of carotid duplex 
ultrasonography (DUS) have led to its global adoption. Risk stratification for future cerebrovascular and 
cerebral events is the primary motivation for assessing the severity of atherosclerosis.(10,11) Atherosclerosis 
can be detected and tracked with carotid DUS, which uses carotid intima-media thickness (IMT) as a surrogate 
measure.(14) 

Understanding the thresholds of carotid IMT associated with higher risk is essential for guiding interventions 
in carotid artery stenosis and ischemic stroke risk. DUS measures IMT to assess atherosclerosis and vascular 
damage, aiding risk stratification. IMT values, alongside other risk indicators, inform treatment decisions like 
closer monitoring, risk factor modification, or interventions, thus improving ischemic stroke prevention.(13)

Numerous studies have demonstrated the value of carotid IMT measures in assessing the incidence and risk 
of cardiovascular and cerebral diseases. Evaluation of carotid plaque and its morphology using DUS are also 
essential for predicting the occurrence of an ischemic stroke.(14) Comprehensive DUS interpretation is crucial 
for everyday clinical settings, even though it is still debatable whether screening for asymptomatic CAS or 
routine carotid IMT measurement should be done on a general population basis.(15)

DUS has been compared to other imaging techniques like CT angiography (CTA), MR angiography (MRA), and 
digital subtraction angiography (DSA) regarding sensitivity, specificity, patient safety, and cost-effectiveness in 
evaluating carotid artery stenosis. While CTA and MRA offer similar diagnostic accuracy to DUS, they involve risks 
such as radiation exposure and contrast agent use. DSA, although highly accurate, is invasive and costly. DUS, on 
the other hand, is non-invasive, safer, and more cost-effective. However, it may have limitations in severe stenosis 
assessment. The choice of imaging modality depends on clinical needs, patient factors, and resource availability.(16,17)

Our study aimed to evaluate the efficiency of duplex ultrasonography for monitoring and screening of carotid 
artery stenosis.
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METHOD
We utilized the criteria of Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) to conduct 

our study.(18)

Search strategy
The following search strategy was employed to search several databases: (“Duplex Ultrasonography” OR 

“Ultrasonography”) AND (“Carotid Artery Stenosis” OR “Carotid Artery Disease” OR “Carotid Artery Occlusion”) AND 
(“Stroke” OR “Ischemic Stroke”).

Study Selection
The following processes were used to carry out the screening: First, using EndNote Software(19) we exported the 

articles from research databases into a Microsoft Excel(20) sheet. Next, we checked the article titles and abstracts that 
were included in the Excel sheet. The full-text screening of the involved studies from the second step constituted the 
last step.

The criteria used to select studies for inclusion were:
1. Study design (we included non-randomized or randomized clinical trials (RCTs) and observational studies). 
2. Participants (patients suffering from CAS).
3. Intervention (screening and monitoring of CAS using DUS).
4. Outcomes (mild artery occlusion (less than 50 %), moderate artery occlusion (50–69 %), severe artery 

occlusion (70–99 %), abnormal intima-media thickness, and detection of carotid artery plaques).

Inclusion criteria
1. Recent studies above 2010. Because incorporating recent studies dated from 2010 onwards ensures 

relevance to current medical practices, reflecting advancements in technology, treatment strategies, and 
understanding of diseases. It enhances the validity and applicability of findings, providing up-to-date evidence 
to inform clinical decision-making and improve patient care. 

2. Studies that included both males and females.
3. We included retrospective and prospective studies. 

Inclusion criteria
•	 Study Design: original research studies (including RCTs, cohort studies, case-control studies, and cross-

sectional studies), systematic reviews, and meta-analyses published in peer-reviewed journals.
•	 Population: adults diagnosed with or at risk of carotid artery stenosis, with or without a history of 

ischemic stroke.
•	 Intervention/Exposure: studies utilizing duplex ultrasonography for screening, monitoring, or risk 

stratification of carotid artery stenosis.
•	 Comparator/Control: studies comparing duplex ultrasonography with other imaging modalities 

or clinical assessments for detecting carotid artery stenosis or comparing different duplex ultrasonography 
protocols.

Outcome Measures
•	 Primary outcome: Detection and quantification of carotid artery stenosis. Secondary outcomes: 

Incidence of ischemic stroke or other cerebrovascular events, diagnostic performance metrics of duplex 
ultrasonography, and related adverse events.

•	 Language and Time Frame: English-language publications with no restrictions on publication date.

Exclusion criteria
1. Reviews, surveys, abstracts, and meta-analyses.
2. studies in which there was an unreasonably lengthy interval (more than four weeks) between the 

reference and index tests because the patient’s stenosis changed and there was a chance that their condition 
might worsen over time.

Data Collection 
The Web of Science, Cochrane Library, Scopus, and PubMed databases were searched until March 2024 for 

publications that fulfilled the eligibility requirements. Three categories of data were collected from the listed studies: 
the first category includes demographic and baseline data of the participants, such as study design, year, author, 
country, age, study period, gender, hypertension, dyslipidemia, and diabetes mellitus. The second category included 
the outcomes for analysis including Mild artery occlusion (less than 50 %), moderate artery occlusion (50–69 %), severe 
artery occlusion (70–99 %), abnormal intima-media thickness, and detection of carotid artery plaques. The third 
category included data from quality assessment.
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Quality Assessment
The National Heart, Lung, and Blood Institute’s (NHLB) quality assessment tool was employed to evaluate the 

possibility of bias in the observational studies that were included.(21) Cochrane risk of bias tool(22) was used for 
the assessment of the risk of bias of the included trial.(23) We evaluated the quality of this study in accordance 
with The Grading of Recommendations Assessment, Development, and Evaluation (GRADE) Guidelines.

Statistical Analysis
The data that we extracted from the involved studies was analyzed using Open Meta analyst software.(24) 

There were dichotomous results in our search. Pooled proportion and a 95 % confidence interval (CI) were used 
in our data analysis. A fixed-effects model was utilized to analyze the homogeneous data, while a random-
effects model was employed to analyze the heterogeneous data. The I2 and p-value of the Chi-square tests 
were utilized to estimate heterogeneity among the data. A major indicator of the existence of heterogeneity 
was P < 0,1 values. We attempted to use Cochrane’s leave-one-out technique(25) to deal with the inconsistency 
of heterogeneous results.

RESULTS

Summary of included studies
The electronic search is illustrated in figure 1.

Figure 1. Shows a PRISMA flow diagram of our literature search

A total of 1 051 patients at risk of ischemic stroke as they suffer from carotid artery stenosis were analyzed 
in our study from six included studies.(23,36,37,38,39) All patients underwent DUS for the assessment and detection 
of carotid artery stenosis. The mean age of participants was 62,9 years. Data of the included studies and 
demographic data of patients are described in table 1-2.
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Table 1. Described data of the included studies, demographic data of patients

Study ID Country Study design Study duration Sample
size

Age
(mean)

Higgins et al.(22) Italy Prospective cohort study 2006-2010 416 54

Barlinn et al.(36) Germany Retrospective cohort study 2012 303 72

Cui et al.(37) China Prospective cohort study 2012-2014 54 63.06

Li et al.(38) China Prospective cohort study 2018-2019 98 66

Saxhaug et al. (23) Norway Clinical trial 2021 80 71.5

Shehata et al.(39) Egypt case-control study 2017-2018 100 51.35

Table 2. Described data of the included studies, demographic data of patients

Study ID Male (n) Female (n) BMI (kg/m2) Hypertension
n (%)

Diabetes
mellitus (n) Hyperlipidemia

Higgins et al.(22) 304 112 26 ± 2,7 34 (40) 17 (20) 13 (15)

Barlinn et al.(36) 176 127 NR NR NR NR

Cui et al.(37) 32 22 NR NR NR NR

Li et al.(38) 75 23 25,22 ± 3,79 72 (73) 26 (26,5) 37 (37,7)

Saxhaug et al.(23) 42 38 27,9 ±4 NR 11 (14) 15 (19)

Shehata et al.(39) 31 69 NR 100 (100 %) NR NR

Results of risk of bias
The result of the quality evaluation of the observational studies yielded an overall score of 9,8 out of 14 

based on the NHLB tool of quality evaluation. Table 3 shows the quality assessment of the included studies in 
detail. 

Table 3. Showing Quality assessment for included retrospective studies
 Higgins et al.(22) Barlinn et al.(36) Cui et al.(37) Li et al.(38) Shehata et al.(39)

1. Was the research question or objective in this 
paper clearly stated?

1 1 1 1 1

2. Was the study population clearly specified and 
defined?

1 1 1 * 1

3. Was the participation rate of eligible persons 
at least 50 %?

1 1 1 * 1

4. Were all the subjects selected or recruited from 
the same or similar populations (including the 
same time period)? Were inclusion and exclusion 
criteria for being in the study prespecified and 
applied uniformly to all participants?

1 1 1 1 1

5. Was a sample size justification, power 
description, or variance and effect estimates

0 0 0 0 0

6. For the analyses in this paper, were the 
exposure (s) of interest measured prior to the 
outcome(s) being measured?

1 1 1 1 1

7. Was the timeframe sufficient so that one could 
reasonably expect to see an association between 
exposure and outcome if it existed?

1 1 1 1 1

8. For exposures that can vary in amount or 
level, did the study examine different levels of 
the exposure as related to the outcome (e.g., 
categories of exposure, or exposure measured as 
continuous variable)?

N\A N\A N\A N\A N\A

9. Were the exposure measures (independent 
variables) clearly defined, valid, reliable, and 
implemented consistently across all study 
participants?

1 0 0 * 1

10. Was the exposure(s) assessed more than once 
over time?

0 0 0 0 0
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11. Were the outcome measures (dependent 
variables) clearly defined, valid, reliable, and 
implemented consistently across all study 
participants?

1 1 1 1 1

12. Were the outcome assessors blinded to the 
exposure status of participants?

* * * * *

13. Was loss to follow-up after baseline 20 % or 
less?

1 1 1 * 1

14. Were key potential confounding variables 
measured and adjusted statistically for their 
impact on the relationship between exposure(s) 
and outcome(s)?

1 1 1 1 1

Total score (out of 14) 11/14 10/14 10/14 7/14 11/14
Key: 1 = Yes, 0 = No, * = Not reported, N/A = Not applicable

Saxhaug et al.(23) is the only included trial and its risk of bias assessment shows a high risk of randomization 
and allocation concealment and a low risk of blindness. 

Analysis of outcomes
Mild artery occlusion (less than 50 %). Five studies(24,27,28,29,30) reported and analyzed the data of this outcome. 

Out of 1405 vessels, DUS detected occlusion less than 50 % in 352 vessels. The pooled proportion was 28,4 %, 95 
% CI (14,9 %, 41,9 %). Data showed heterogeneity (P=0.001) (I2 =97,43 %) (figure 2).

Figure 2. Demonstrates the analysis of mild artery occlusion (less than 50 %)

Moderate artery occlusion (50–69 %). Moderate artery occlusion was assessed by six studies.(24,27,28,29,30,31) 
The analysis showed that DUS detected 193 vessels with moderate occlusion from 1503 examined vessels. The 
pooled proportion was 14,3 %, 95 % CI (7 %, 21,6 %). Data showed heterogeneity (P=0,001) (I2 =97,9 %) (figure 3).

Figure 3. Demonstrates the analysis of moderate artery occlusion (50–69 %)

Severe artery occlusion (70–99 %). A total of 1 403 vessels were analyzed by five of the included studies.
(24,28,29,30,31) DUS detected severe occlusion with 201 vessels. The pooled proportion was 17,2 %, 95 % CI (7,6 %, 
26,8 %). Data showed heterogeneity (P=0,001) (I2 =98,4 %) (figure 4).

Abnormal intima-media thickness. Two studies(24,27) reported this outcome. Our analysis showed that DUS 
detected 78 arteries out of 360 arteries with abnormal intima thickness. The pooled proportion was 21,3 %, 95 
% CI (15,1 %, 27,6 %). Data was homogeneous (P=0,139) (I2 =54,4 %) (figure 5).
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Figure 4. Demonstrates the analysis of severe artery occlusion (70–99 %)

Figure 5. Demonstrates the analysis of abnormal intima media thickness

Detection of carotid artery plaques. Two studies(30,31) reported this outcome. Our analysis showed that DUS 
detected carotid artery plaques in 129 arteries. The pooled proportion was 65,6 %, 95 % CI (1 %, 1,32 %). Data 
showed heterogeneity (P=0,001) (I2 =99,56 %) (figure 6).

Figure 6. Demonstrates the analysis of the detection of carotid artery plaques

Netuka et al.(30) reported that the diagnostic accuracy of CDUS was 74,07 % (160/216 vessels) while Mostafa 
et al.(28) found that the diagnostic accuracy of CDUS was 76 % (255/336 vessels). The sensitivity of DUS in the 
diagnosis of mild, moderate, and severe carotid stenosis were 78,18 %, 50 %, and 100 %, respectively as proved 
by Netuka et al.(30). Additionally, they found that the specificity of DUS in the diagnosis of mild, moderate, and 
severe carotid stenosis was 79,05 %, 93,36 %, and 98,10 %, respectively. On the other hand, Mostafa et al.(28) 
reported that the specificity and sensitivity of DUS were 67 % and 87 %, respectively.

DISCUSSION
A significant contributing factor to ischemic stroke is CAS, which is thought to be the cause of 8–15 % of cases. 

In order to decrease the impact of this disease, we must enhance our methods for stroke early detection and 
treatment.(26) Four imaging modalities are commonly used to diagnose CAS: computed tomographic angiography 
(CTA), magnetic resonance angiography (MRA), carotid duplex ultrasound (CDUS), and invasive cerebral 
angiography.(27,28) The advancement of imaging technology has made it possible to enhance the methods used 
to diagnose CAS. For example, the position and degree of CAS, as well as the state of the surrounding wall-
adherent plaques, can be assessed by carotid DUS, digital subtraction angiography (DSA), and MRA. Although it 
is still uncertain how accurate non-invasive imaging procedures like MRA and CDUS are, they are replacing DSA 
in the detection of CAS because they are now widely accessible.(29) This systematic review and meta-analysis 
aimed to assess the efficiency of CDUS for monitoring and screening of CAS. 

In our study, we found that CDUS could detect mild CAS in 25 % of the vessels, moderate CAS in 13 % of the 
examined vessels, and severe CAS in 14,5 % of the examined vessels. Regarding the detection of carotid artery plaques 
and abnormal intima thickness, CDUS detected them in 36,5 % and 21,5 % of the included vessels, respectively.
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According to earlier findings, CDUS assessments typically overestimate the severity of stenosis. Due to variations in 
the imaging principles used for CDUS, several false-positive results were produced by the CDUS. CDUS images improve 
the visibility of plaques and show the structure of vascular lumens and walls. By making intravascular membrane 
thickness and structure visible, this improved imaging could result in a higher percentage of accurate diagnoses.(30,31,32)

Our findings correlate with those of previous research. Zavanone et al.(32) conducted a review to evaluate the role 
of DUS in the detection of CAS. They found that CDUS detected mild, moderate, and severe CAS in 26 %, 17,8 %, and 
46 % of the examined vessels. Wardlaw et al.(33) conducted a meta-analysis involving 912 patients and 1704 arteries to 
compare different methods for the detection of CAS. They revealed that carotid DUS detected mild, moderate, and 
severe CAS in 20 %, 3 %, and 33,33 % of the examined vessels. Netuka et al.(30) examined 103 patients with carotid DUS 
and demonstrated that 2,9 % of the examined patients had mild CAS, 21,4 % suffered from moderate CAS, and 75,7 
% showed severe CAS. Cassola et al.(34) performed a review that involved 15 articles and evaluated the efficiency of 
DUS for the detection of CAS. They found that CDUS detected mild and severe CAS in 46 % and 45,1 % of the examined 
vessels.

Jahromi et al.(35) demonstrated the specificity and sensitivity of DUS for the detection of CAS in its meta-analysis. 
For 1716 individuals, it demonstrated 88 % (CI, 76 % to 100 %) and 98 % (95 % CI, 97 % to 100 %) specificity and sensitivity 
for diagnosing stenosis of 50 % or greater, respectively. Among the 2,140 individuals, the specificity and sensitivity for 
identifying stenosis of 70 % or more were 94 % (CI, 88 % to 97 %) and 90 % (CI, 84 % to 94 %). Additionally, Wardlaw et 
al.(33) reported that the sensitivity of DUS in the diagnosis of mild, moderate, and severe carotid stenosis were 83 %, 
36 %, and 89 %, respectively, and the specificity of DUS in the diagnosis of mild, moderate, and severe carotid stenosis 
were 84 %, 91 %, and 84 %, respectively. Cassola et al.(34) found that the sensitivity of DUS in the diagnosis of mild and 
severe carotid stenosis were 63 % and 85 %, respectively, and the specificity of DUS in the diagnosis of mild and severe 
carotid stenosis was 99 % and 98 %, respectively. All of these findings are consistent with our results.

Limitations
The results of this systematic review and meta-analysis are relevant to patients who may have suspected 

CAS along with neurologic complaints. However, due to the small number of involved studies, the results cannot 
be regarded as definitive. There was variability across the included studies, and many of them had a high or 
uncertain risk of bias. Most of the outcomes in the analysis were heterogeneous.

Contribution to the literature
The results of this analysis show that DUS can accurately distinguish between substantial CAS (< 50 % or 50 

% to 99 %) and its absence. Consequently, there is proof in favour of DUS being the primary modality of choice 
for detecting CAS. Given the high value of sensitivity for this category, evidence suggests that in cases of DUS 
identifying > 50 % CAS, further imaging may not be required to detect the presence of CAS.

CONCLUSIONS
In conclusion, Duplex ultrasound is clearly an important exam in the identification of patients with 

symptomatic carotid stenosis. Understanding its complexities and limitations can improve clinical practice 
and provide cost-effective management for patients. Carotid DUS showed a high specificity and sensitivity in 
the diagnosis of CAS especially a severe degree of stenosis. Also, carotid DUS had a significantly higher rate 
of carotid sinus plaque detection. Therefore, to identify the type of carotid plaque, CDUS may be helpful for 
routine screening. Future studies should be conducted and include comparisons between different diagnostic 
methods such as MRA versus CTA or DUS. 
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