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Abstract
Background Due to the increasing incidence of ischaemic cerebrovascular diseases, the accurate assessment 
of internal carotid artery (ICA) stenosis is crucial for the development of treatment plans. This systematic review 
and meta-analysis aimed to evaluate the diagnostic value of computed tomography angiography (CTA) for severe 
ICAstenosis, thereby providing support for clinical decision-making and promoting diagnostic updates.

Methods The PubMed, Embase, Cochrane Library, China National Knowledge Infrastructure (CNKI), Wanfang 
Database, VIP Database for Chinese Technical Periodicals (VIP), and Chinese Biomedical Literature (CBM) electronic 
databases were searched from inception to March 21, 2024, to identify publicly available research literature on 
the use of CTA to diagnose severe ICA stenosis. Literature screening, data extraction, and quality assessment were 
conducted based on the inclusion and exclusion criteria as well as the Quality Assessment of Diagnostic Accuracy 
Studies (QUADAS) standards. Data analysis was performed using Stata 17.0 and Meta-Disc 1.4 software. The sensitivity, 
specificity, positive likelihood ratio, negative likelihood ratio, and diagnostic odds ratio of the included studies 
were calculated using Stata 17.0 software, and forest plots and summary receiver operating characteristic (SROC) 
curves were generated. The area under the curve (AUC) was calculated, and funnel plots were constructed to assess 
publication bias.

Results A total of 16 studies with 2368 vascular segments were included. The meta-analysis revealed that the 
combined sensitivity and specificity of CTA for severe ICA stenosis were 0.93 (95% CI: 0.88 ~ 0.96) and 0.99 (95% CI: 
0.96 ~ 1.00), respectively. The combined positive likelihood ratio and negative likelihood ratio were 92.0 (95% CI: 
24.2 ~ 349.6) and 0.07 (95% CI: 0.04 ~ 0.13), respectively. The diagnostic odds ratio was 1302 (95% CI: 257 ~ 6606), 
and the AUC of the SROC curve was 0.98. The Deeks funnel plot suggested no publication bias among the included 
studies.

Conclusion CTA demonstrated high sensitivity and specificity for diagnosing severe ICA stenosis. Therefore, this 
study provided important evidence for the accurate diagnosis and treatment of severe ICA stenosis. However, there 
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Introduction
In recent years, given the high incidence of ischaemic 
cerebrovascular diseases, increasing attention has been 
devoted to the diagnosis and treatment of related dis-
eases [1]. ICA stenosis is a common vascular disease, and 
the severity of this disease directly affects patients’ qual-
ity of life and health. As one of the important risk factors 
for ischaemic cerebrovascular diseases, ICA stenosis has 
attracted considerable attention [2]. It has been reported 
that 20 to 25% of ischaemic strokes are related to ICA 
stenosis. The main treatment methods for this disease 
currently include medical conservative treatment, sur-
gical procedures, and interventional therapy, with the 
choice of treatment depending on the patient’s clinical 
symptoms and the degree of ICA stenosis [3, 4]. There-
fore, accurate assessment of the degree of ICA stenosis is 
crucial for developing appropriate treatment plans.

Currently, digital subtraction angiography (DSA) is 
considered the gold standard for evaluating ICA steno-
sis. However, its invasive nature, high examination costs, 
and presence of certain procedural complications limit 
its widespread use in clinical practice [5]. In contrast, 
computed tomography angiography (CTA) is a minimally 
invasive, accurate, and multi−perspective vascular imag-
ing technique that plays an important role in the diagno-
sis and treatment of ischaemic cerebrovascular diseases. 
CTA offers advantages such as ease of operation, high 
resolution, and noninvasiveness, thus making it an alter-
native approach for evaluating ICA stenosis. However, 
there is still controversy and uncertainty regarding the 
accuracy and reliability of CTA in diagnosing severe 
ICA stenosis [6]. Some studies have reported that CTA 
has high sensitivity and specificity, thus providing reli-
able diagnostic information to support clinical treatment 
decisions [7], whereas others have noted that CTA has 
a certain misdiagnosis rate and limitations [8], indicat-
ing the need for further improvement and validation in 
evaluating ICA stenosis. In light of these findings, this 
study aimed to clarify the value of CTA in diagnosing 
ICA stenosis severity through meta−analysis. By system-
atically integrating the literature, we objectively evaluated 
the diagnostic accuracy and clinical prospects of CTA, 
thus providing a scientific basis and decision support for 
clinicians. Through comprehensive literature retrieval, 
screening, and data analysis, we revealed the true perfor-
mance of CTA in diagnosing severe ICA stenosis, thereby 
providing reference and guidance for further improve-
ment of diagnostic techniques and optimization of treat-
ment plans.

Methods
Our systematic review follows the guidelines outlined 
in the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses for Protocols (PRISMA-P) [9] and has 
been registered with the identifier INPLASY202440027.

Inclusion and exclusion criteria
The inclusion criteria were as follows: (1) Population: 
patients with severe ICA stenosis, defined as 70–99% ste-
nosis [10]; (2) Intervention: use of CTA for the diagnosis 
of severe ICA stenosis; (3) Comparison: DSA, which is 
the “gold standard” for diagnosing ICA stenosis; and (4) 
Outcome: true positive (TP), true negative (TN), false−
positive (FP), and false−negative (FN) rates for diagnos-
ing severe ICA stenosis.

The exclusion criteria were as follows: (1) duplicate 
publications; (2) literature without access to relevant raw 
data, such as studies where TP, TN, FP, and FN rates can-
not be directly or indirectly obtained; and (3) non-Chi-
nese or non-English literature.

Search strategy
The PubMed, Embase, Cochrane Library, CNKI, Wan-
fang, VIP, and CBM databases were searched from incep-
tion to March 21, 2024, to identify publicly available 
Chinese and English literature on the CTA diagnosis 
of severe ICA stenosis. A combination of subject head-
ings and free text terms was used for the search. The 
search terms included CT angiography, CT angiogra-
phies, computed tomographic angiography, computed 
tomography angiographies, carotid stenosis, carotid 
stenoses, carotid artery narrowing, carotid artery nar-
rowing, carotid artery stenosis, carotid artery stenoses, 
carotid artery plaque, carotid artery plaques, and carotid 
artery ulcerating plaque. For example, the search strat-
egy for PubMed was as follows: ((CT angiography[MeSH 
Terms]) OR (((CT angiographies[Title/Abstract]) OR 
(computed tomographic angiography[Title/Abstract])) 
OR (computed tomography angiographies[Title/
Abstract]))) AND ((carotid stenosis[MeSH Terms]) 
OR ((((((((carotid stenoses[Title/Abstract]) OR 
(carotid artery narrowing[Title/Abstract])) OR 
(carotid artery narrowings[Title/Abstract])) OR 
(carotid artery stenosis[Title/Abstract])) OR (carotid 
artery stenoses[Title/Abstract])) OR (carotid artery 
plaque[Title/Abstract])) OR (carotid artery plaques[Title/
Abstract])) OR (carotid artery ulcerating plaque[Title/
Abstract]))). Additionally, to identify further relevant 
studies, the references of the included articles were 
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prospective studies to confirm the clinical applicability of CTA.

Keywords CT angiography, Carotid artery stenosis, Meta-analysis



Page 3 of 11Zeng et al. BMC Medical Imaging          (2024) 24:215 

also screened to ensure compliance with the inclusion 
criteria.

Literature screening and data extraction
Two researchers independently screened the literature 
and extracted information according to the preestab-
lished inclusion and exclusion criteria. Cross-checking 
was performed to ensure accuracy. Any discrepancies 
were resolved through discussion or consultation with 
a third researcher if necessary. The extracted informa-
tion included the following: (1) general information: first 
author, publication year, country, sample size, sex, age, 
number of arteries, and type of CT system; and (2) out-
come indicators: TP, FP, FN, and TN rates.

Quality assessment
The quality of the studies included in the meta-analysis 
was assessed using the Quality Assessment of Diagnostic 
Accuracy Studies (QUADAS) tool [11].

Statistical analysis
Data analysis was conducted using Stata 17.0 and Meta-
Disc 1.4 software. Cochran’s Q test and the I2 statis-
tic were used to assess heterogeneity among studies. If 
P < 0.05 and I2 > 50%, indicating significant heterogeneity, 
a random effects model was chosen; otherwise, a fixed 
effects model was used [12]. The combined sensitivity, 
specificity, positive likelihood ratio, negative likelihood 
ratio, and diagnostic odds ratio with their 95% confidence 
intervals (CIs) were calculated for the included studies. 
Forest plots and SROC curves were generated, and the 
area under the curve (AUC) was calculated. If heteroge-
neity was present, the presence of a threshold effect was 
assessed using the Spearman correlation coefficient in 
Meta−Disc 1.4 (a strong positive correlation indicates a 
threshold effect). Additionally, meta−regression analysis 
was performed to explore the sources of heterogeneity. 
Subgroup analyses were conducted to explore differences 
in sensitivity and specificity between subgroups. Deeks’ 
funnel plot was used to assess publication bias using Stata 
17.0, and the P value for publication bias was obtained 
directly from this test, with P < 0.05 indicating the pres-
ence of publication bias.

Assessment of evidence quality
To assess the certainty of evidence, we employed the 
Grading of Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) framework. This method 
evaluates the quality of evidence across the domains of 
risk of bias, consistency, directness, precision, and publi-
cation bias. Each domain is rated as high, moderate, low, 
or very low [37].

Results
Literature search results
A total of 4772 articles were initially retrieved from 
various databases, with 1 article identified through a 
manual search. After reviewing the titles and abstracts, 
1237 duplicate articles were excluded; 3419 articles were 
excluded due to being unrelated to the research objec-
tives; 98 articles were excluded due to being reviews, 
conference papers, or experience summaries; and 3 
articles were excluded because of the inability to extract 
TP, TN, FP, or FN rates. Following the aforementioned 
stepwise screening process, 16 articles [7–8,13-26] were 
ultimately included, comprising 2368 vascular segments. 
The detailed screening process is illustrated in Fig.  1. 
The basic characteristics of the studies are presented in 
Table 1.

Quality assessment results of the included studies
The risk of bias for each included study was assessed 
using detailed evaluation criteria (see Table  2). Each 
study was evaluated across 14 specific criteria. The 
results indicated that most studies had a high risk of bias, 
particularly in terms of the interval between the gold 
standard and the evaluated test and the independence of 
test interpretation.

Heterogeneity and threshold effect analysis
The I2 values for the combined sensitivity and specificity 
of CTA in diagnosing severe ICA stenosis were 81.64% 
and 95.10%, respectively. The Cochran Q test yielded P 
values of 0.00 for both sensitivity and specificity, indi-
cating significant heterogeneity among the included 
studies. Therefore, a threshold effect analysis was con-
ducted. Threshold effect: Using Meta-Disc 1.4 software, 
the Spearman correlation coefficient was calculated to be 
-0.338, with a corresponding P value of 0.20, suggesting 
the presence of nonthreshold effect heterogeneity among 
the studies. Therefore, a random effects model was 
employed for estimating the combined effect size.

Meta-analysis results
Forest plots and SROC curves were generated using Stata 
17.0. The combined sensitivity, specificity, positive like-
lihood ratio, negative likelihood ratio, diagnostic odds 
ratio, and AUC were calculated. The combined sensitiv-
ity and specificity were 0.93 (95% CI: 0.88 ~ 0.96) and 0.99 
(95% CI: 0.96 ~ 1.00), respectively. The combined posi-
tive likelihood ratio and negative likelihood ratio were 
92.0 (95% CI: 24.2 ~ 349.6) and 0.07 (95% CI: 0.04 ~ 0.13), 
respectively. The diagnostic odds ratio was 1302 (95% 
CI: 257 ~ 6606), and the AUC was 0.98. Forest plots and 
SROC curves for the diagnosis of severe ICA stenosis 
based on CTA are shown in Figs. 2 and 3.
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Publication bias
A Deeks funnel plot was generated to assess publication 
bias in the diagnosis of severe ICA stenosis using CTA. 
The plot exhibited basic symmetry, with a p value of 0.85, 
indicating a relatively low likelihood of publication bias, 
as shown in Fig. 4.

GRADE evidence quality assessment
The GRADE assessment indicated that the quality of evi-
dence for the diagnostic accuracy of CTA in detecting 
severe ICA stenosis was low for all evaluated outcomes, 
including sensitivity, specificity, positive likelihood ratio, 
and negative likelihood ratio, as presented in Table 3.

Meta-regression and subgroup analysis
Heterogeneity due to threshold effects was excluded. 
Consequently, single-factor meta-regression analyses 
were conducted on the basis of country, publication year, 
sample size, type of CT system, and blinding method. The 
results revealed that the type of CT system was the pri-
mary factor contributing to heterogeneity in sensitivity, 
whereas country, publication year, and sample size were 

the main contributors to heterogeneity in specificity. The 
subgroup analysis results are presented in Table 4.

Discussion
This meta-analysis demonstrated that CTA has high 
accuracy and reliability in diagnosing severe ICA steno-
sis. Our findings indicate that CTA has high diagnostic 
accuracy in detecting severe ICA stenosis, with a sensi-
tivity of 93% (95% CI: 0.88 ~ 0.96) and a specificity of 99% 
(95% CI: 0.96 ~ 1.00). A the global population continues 
to age, the incidence of ischaemic cerebrovascular dis-
eases has significantly increased, which seriously affects 
the quality of life of patients and increases the social 
medical burden [27, 28]. Clinical studies have shown that 
the degree of ICA stenosis and the nature of plaques are 
closely related to the occurrence of ischaemic cerebro-
vascular diseases [29, 30]. Therefore, early clarification 
of the degree of ICA stenosis is highly important for the 
effective prevention of ischaemic cerebrovascular dis-
eases. Colour Doppler ultrasound (CDU) is the preferred 
method for initial screening and evaluation of carotid 
artery stenosis because it is noninvasive, easy to use, and 
widely employed. However, CDU has limitations in terms 

Fig. 1 Study selection process
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of resolution and the assessment of deep vascular lesions, 
particularly in accurately determining the composition of 
plaques and details of the vascular wall, which may not be 
as precise as other imaging techniques [31]. DSA, despite 
being invasive, remains the preferred method for detailed 
evaluation of ICA stenosis because it effectively reflects 
changes in ICA morphology and haemodynamic param-
eters. However, DSA is invasive, technically challenging, 
and carries risks of complications such as vascular spasm 
and thrombosis, with certain limitations [3, 32]. CTA is 
an emerging imaging technology that plays an important 
role in the clinical diagnosis of various cerebrovascular 
diseases. Compared with DSA, CTA has fewer restric-
tions on vascular conditions. CTA is characterized by 
enhanced scanning of the carotid arteries, and it utilizes 
differences in enhanced blood flow and contrast agent 
concentration to display the morphology and character-
istics of diseased vessels from multiple angles, thereby 
reducing vascular overlap interference. In particular, 
CTA can clearly display the three−dimensional anatomi-
cal spatial relationship of large vessels in the cranio−cer-
vical region and intravascular calcified plaques, thereby 
obtaining accurate diagnostic information [6, 33, 34].

This meta-analysis included 16 studies, compris-
ing a total of 2368 vascular segments. The results dem-
onstrated that CTA has high accuracy and reliability in 
diagnosing severe ICA stenosis, with a sensitivity of 0.93 
and specificity of 0.99. This implies that among patients 
with the disease, 93% can be accurately diagnosed by 
CTA, whereas among those without the disease, 99% can 
be accurately ruled out by CTA. Moreover, the combined 
sensitivity and specificity of CTA for severe ICA stenosis, 
with 95% CI of 0.88 to 0.96 and 0.96 to 1.00 respectively, 
further confirm the statistical significance and robust-
ness of our findings. Although detailed comparisons with 
other diagnostic methods were not conducted, the high 
sensitivity and specificity of CTA relative to commonly 
used methods such as DSA make it a powerful diagnos-
tic tool. CTA has a combined positive likelihood ratio of 
92.0 and a combined negative likelihood ratio of 0.07 for 
severe ICA stenosis, indicating a greater likelihood of a 
positive test result in individuals with the disease and a 
greater likelihood of a negative test result in those with-
out the disease. Furthermore, the diagnostic odds ratio 
was 1302, further emphasizing the high accuracy and 
reliability of CTA in diagnosing severe ICA stenosis. The 
area under the SROC curve in the present study was 0.98, 
indicating the superior performance of CTA as a diag-
nostic tool. This provides robust support for clinicians 
to make accurate diagnostic and treatment decisions and 
promotes their widespread clinical application. Although 
our study demonstrated the high diagnostic accuracy of 
CTA, it is important to note the existence of potential 
misdiagnoses and limitations. This may be attributed 
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to factors such as vascular wall calcification, calcified 
plaques, and arteriosclerosis, which can affect the assess-
ment of vascular stenosis using CTA, leading to diagnos-
tic bias. Therefore, in clinical practice, clinicians should 
still consider the patient’s clinical symptoms, imaging 
findings, and other auxiliary examination results for 
comprehensive analysis and judgement to avoid inaccu-
rate diagnostic and treatment decisions based solely on 
a single examination result. Through single-factor meta-
regression analysis, we further explored the possible rea-
sons for the heterogeneity in sensitivity and specificity. 
The results indicated that the type of CT system was the 
primary factor contributing to the heterogeneity in sen-
sitivity, whereas country, publication year, and sample 
size were the main factors contributing to the heteroge-
neity in specificity. These findings emphasize the poten-
tial differences in diagnostic tool selection and operating 
standards across different countries, study periods, and 
sample sizes, leading to variations in results. Addition-
ally, differences in the CT system may also affect the con-
sistency of the results. Therefore, when evaluating the 
diagnostic accuracy of CTA for severe ICA stenosis, it is 
necessary to consider the impact of these factors. These 

results suggest the importance of paying more attention 
to and standardizing the selection and use of diagnostic 
tools in future research and clinical practice to ensure the 
reliability and consistency of the results.

In this study, we confirmed the high sensitivity and 
specificity of CTA in diagnosing severe ICA stenosis. 
With the development of advanced technologies such as 
deep learning, the future application of CTA looks prom-
ising. This technology can enhance image quality and 
optimize the diagnostic process while also supporting 
personalized treatment. In the future, combining CTA 
with emerging technologies such as VR and automated 
image analysis tools will open new paths for the diagnosis 
and treatment of ICA disease. Therefore, future research 
should focus on how to integrate these technologies into 
CTA to continuously improve diagnostic accuracy and 
clinical utility [35, 36].

This study has several limitations: (1) There was high 
heterogeneity among different studies, which may affect 
the stability and consistency of the results; (2) some stud-
ies did not describe whether blinding was used for the 
interpretation of the gold standard, which may introduce 
interpretation bias; (3) only Chinese and English studies 

Fig. 2 Forest plot of sensitivity and specificity for CTA diagnosis of severe stenosis in ICA
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Fig. 4 Deeks funnel plot

 

Fig. 3 ROC curve for CTA diagnosis of severe stenosis in ICA
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were included, potentially leading to publication bias to 
some extent; (4) the majority of the authors and cases 
were from China, which may introduce certain biases; (5) 
this study only evaluated the diagnostic value of CTA and 
did not assess safety aspects; and (6) this meta-analysis 
focused mainly on assessing the degree of ICA stenosis 
via CTA and did not involve the stability or vulnerability 
of plaques. The vulnerability of plaques is closely related 
to the risk of ischaemic stroke, and their stability is a cru-
cial factor in determining the treatment plan and progno-
sis for patients. These factors may decrease the reliability 
of the study results, and future large-scale, standardized 
prospective studies are still needed to confirm the diag-
nostic value of CTA for severe ICA stenosis.

Conclusion
In summary, CTA has high diagnostic efficacy for severe 
ICA stenosis, providing clinicians with an effective diag-
nostic tool. This technique assists in the early detection 
of diseases and the formulation of appropriate treatment 
plans, with the expectation of improving patient treat-
ment outcomes and survival rates.
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Table 3 Grade assessment of outcome measures
Outcome 
Measure

No. of 
Studies

Study 
Design

Limitations (No. 
of studies with 
unclear risk of 
bias / Total)

Indirect-
ness 
(Patients, 
Outcomes)

Inconsistency Imprecision Risk of 
Publi-
cation 
Bias

AUROC 
(Range)

Qual-
ity of 
Evidence

Sensitivity 16 Cohort 
studies

High risk (15/16) None High None None 0.88 ~ 0.96 ⨂⨂⊝⊝ 
Low

Specificity 16 Cohort 
studies

High risk (15/16) None High None None 0.96 ~ 1.00 ⨂⨂⊝⊝ 
Low

Positive Likeli-
hood Ratio

16 Cohort 
studies

High risk (15/16) None High None None 24.2 ~ 349.6 ⨂⨂⊝⊝ 
Low

Negative Likeli-
hood Ratio

16 Cohort 
studies

High risk (15/16) None High None None 0.04 ~ 0.13 ⨂⨂⊝⊝ 
Low

Table 4 Subgroup analysis results of included studies
Factor Subgroup Number of studies Sensitivity (95% CI) P-value Specificity (95% CI) P-value
Number of arteries ≥ 200 5 0.96 (0.92 ~ 1.00) 0.58 1.00 (0.99 ~ 1.00) 0.01

<200 11 0.91 (0.85 ~ 0.96) 0.98 (0.96 ~ 1.00)
Country China 10 0.93(0.88 ~ 0.98) 0.11 0.99 (0.99 ~ 1.00) 0.03

Non-China 6 0.93 (0.87 ~ 0.99) 0.97 (0.92 ~ 1.00)
Publication year Last 10 years 7 0.93 (0.88 ~ 0.99) 0.1 1.00 (0.99 ~ 1.00) 0.01

More than 10 years ago 9 0.93 (0.87 ~ 0.98) 0.98 (0.95 ~ 1.00)
Type of CT system GE system 7 0.91 (0.84 ~ 0.98) 0.01 0.99 (0.98 ~ 1.00) 0.18

Non-GE system 9 0.94 (0.90 ~ 0.98) 0.99 (0.97 ~ 1.00)
Blinding Yes 10 0.94 (0.90 ~ 0.98) 0.29 0.99 (0.97 ~ 1.00) 0.36

No 6 0.90 (0.82 ~ 0.97) 0.99 (0.97 ~ 1.00)
GE general electric; CI confidence interval
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