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Article History: Abstract: Background: Coronary artery disease (CAD) is a 

significant cause of death and disability throughout the world. Catheter 

angiography is regarded as the gold standard of the diagnosis of 

coronary artery stenosis, but is invasive and can carry a risk of the 

procedure itself. CCTA is a non-invasive imaging technique that may 

be useful in the detection of coronary artery stenosis and subsequent 

management. Objective: To determine the diagnostic accuracy of 

coronary computed tomography angiography in diagnosing coronary 

artery stenosis, taking catheter angiography as the gold standard. 

Methods: The study was a cross-sectional validation study which was 

conducted from 10th May 2025 to 10th August 2025 in the Department 

of Radiology, Mardan Medical Complex, Mardan. Non-probability 

consecutive sampling was used including a total of 127 patients with 

suspected CAD. Patients of both genders aged 30 to 70 years, with 

suspected coronary artery disease (CAD) for ≤48 hours were recruited. 

Coronary artery stenosis was considered to be ≥50% narrowing of one 

or more major coronary arteries. Coronary CTA was performed in all 

patients, and patients underwent catheter angiography. Catheter 

angiography was used as the gold standard. Sensitivity, specificity, 

positive predictive value, negative predictive value and diagnostic 

accuracy were determined. Results: Out of 127 patients, catheter 

angiography confirmed coronary artery stenosis in 47 (37.0%) 

patients, while CCTA detected stenosis in 51 (40.2%) patients. There 

were 43 true-positive, 72 true-negative, 8 false-positive, and 4 false-

negative cases. The sensitivity, specificity, positive predictive value, 

negative predictive value, and diagnostic accuracy of CCTA were 

91.5%, 90.0%, 84.3%, 94.7%, and 90.6%, respectively. The 

association between CCTA and catheter angiography findings was 

statistically significant (p<0.001). Conclusion: Coronary computed 

tomography angiography showed high diagnostic accuracy for 

detecting coronary artery stenosis. It is a reliable and non-invasive 

diagnostic tool, especially for excluding significant coronary artery 

stenosis in patients with suspected coronary artery disease. 
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INTRODUCTION 
 

Coronary artery disease is one of the most common 

causes of cardiovascular morbidity and mortality in 

adult population. It is usually caused by narrowing of 

the coronary arteries (atherosclerosis), which 

decreases blood flow to the heart, and can cause 

angina, myocardial ischemia, acute coronary 

syndrome, myocardial failure or sudden death. Chest 

pain is the most common presenting symptom; 

however, many of those who suffer from this disease 

may have atypical symptoms or a silent disease and 

may not be diagnosed and treated until much later. 

Thus, it is very important to identify the coronary 

artery stenosis accurately and timely for risk 
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assessment and clinical decision making (1-3). 
 

Catheter angiography has been regarded as the golden 

standard investigation for coronary artery stenosis 

diagnosis. It offers the advantage of direct 

visualization of the coronary arteries and enables the 

evaluation of the location, degree and amount of 

narrowing. It is also useful in the planning of future 

management such as PCI or surgical 

revascularisation. However, it is an invasive 

procedure and can have adverse effects and 

complications including bleeding, effects of the 

contrast used, damage to the veins and arteries 

involved, arrhythmia, and discomfort of the 

procedure. For this reason, non-invasive diagnostic 

techniques have become more and more important in 

the assessment of the patient with suspected coronary 

artery disease (4-6). 
 

Coronary computed tomography angiography has 

emerged as an important non-invasive imaging 

modality for the assessment of coronary arteries. It 

can help to see the coronary lumen, the wall, calcified 

and non-calcified plaques, and the severity of 

narrowing of the coronary artery. CCTA has 

improved in its usefulness for detecting significant 

coronary artery stenosis with advances in scanner 

technology, image reconstruction, and heart rate 

control. It can be especially useful in patients whose 

risk for coronary artery disease is low to intermediate, 

as a good non-invasive test can prevent unnecessary 

invasive angiography (7, 8). 
 

The value of CCTA is mostly in its high sensitivity and 

high negative predictive value. In many cases a 

negative CCTA result can be used to exclude a 

significant coronary artery stenosis with a high degree 

of confidence. CCTA sometimes, however, 

overestimates stenosis, especially when there is heavy 

calcification, motion artifacts, or suboptimal image 

quality. Thus, comparison of catheter angiography is 

still necessary for determining its diagnostic accuracy 

in various clinical conditions and patient populations 

(9). 
 

Many patients in local clinical practice come with 

symptoms which are suggestive of coronary artery 

disease and a correct diagnosis is necessary for timely 

management. Catheter angiography is still the 

reference standard, but is not always the initial 

diagnostic procedure of choice for all patients due to 

its invasive nature. Coronary computed tomography 

angiography may provide a safer and quicker 

alternative for initial evaluation. But there is limited 

local information on the diagnostic accuracy of CCTA 

in the assessment of coronary artery stenosis (10). 
 

Therefore, this study was conducted to determine the 

diagnostic accuracy of coronary computed 

tomography angiography in diagnosing coronary 

artery stenosis, taking catheter angiography as the 

gold standard, among patients presenting with 

suspected coronary artery disease at Mardan Medical 

Complex, Mardan. 
 

MATERIALS AND METHODS 
 

This cross-sectional validation study was conducted in 

the Department of Radiology, Mardan Medical 

Complex, Mardan, from 10th May 2025 to 10th 

August 2025. The study was carried out after approval 

from the College of Physicians and Surgeons 

Pakistan, Research Evaluation Unit, with approval 

reference number CPSP/REU/RAD-2023-028-4011, 

dated 10th May 2025. Written informed consent was 

obtained from all participants before enrollment. 

Confidentiality of patient information was maintained 

throughout the study, and the data were used only for 

research purposes. 
 

There were 127 patients who had a suspected 

diagnosis of coronary artery disease. The sample size 

was calculated using a sensitivity and specificity 

calculator, keeping 95% confidence level, expected 

prevalence of coronary artery disease as 35.5%, and 

expected sensitivity and specificity of coronary 

computed tomography angiography as 90.66% and 

95.65%, respectively. The sampling technique used 

was non-probability consecutive sampling, in which 

all eligible patients who came during the study period 

were sampled until the number of samples was 

reached. The synopsis also made the assumption of 

the diagnostic accuracy of these tests to plan 127 

cases. 
 

The study included patients of both genders aged 

between 30-70 years with suspected coronary artery 

disease of ≤48 hours. Suspected coronary artery 

disease was indicated by chest pain with cardiac 

troponin I > normal, and symptoms of ischemia, 

significant ECG changes (STEMI or NSTEMI), or 

echocardiographic regional wall motion abnormality 

that was not present prior to the event. The study 

excluded patients with left ventricular ejection 

fraction ≤35%, left ventricular aneurysm, previous 

revascularisation, cardiomyopathy, second- or third-

degree atrioventricular block, small vessel diameter, 

long myocardial bridges, critical illnesses (sepsis, renal 

failure, hepatic failure), and bleeding or clotting 

disorders. A homogeneous population of patients was 

determined according to these inclusion and exclusion 

criteria. 
 

Following enrolment demographic and clinical data 

were captured on a pre-designed proforma. The 

following were the factors involved: age, gender, place 

of residence, educational level, duration of symptoms, 

height, weight, body mass index, hypertension, 

diabetes mellitus and smoking. Pre-imaging clinical 

history and relevant findings were documented. 

Coronary artery stenosis was defined as ≥50% stenosis 

of one or more of the major coronary arteries: left 

anterior descending, left main coronary, left 

circumflex and right coronary. Catheter angiography 
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was used as the reference standard and a coronary 

artery stenosis was defined as ≥50% occlusion of the 

coronary artery segments. 
 

All selected patients underwent CTA coronary 

angiography using the standard departmental 

protocol. Sublingual glyceryl trinitrate was given prior 

to scan, and atenolol if necessary to achieve desired 

heart rate. Contrast was given through a vein and 

saline flush. Axial multiplanar reconstruction and 

maximum intensity projection images were obtained 

to reconstruct the images. Experienced radiologists 

interpreted the findings from the CCTA and the 

presence of coronary artery stenosis was determined 

based on the operational definition. 
 

All patients had catheter angiography after CCTA as 

a reference standard. Standard clinical protocol was 

followed for performing catheter angiography. Six or 

more views of the left coronary system and two views 

of the right coronary system were acquired. A 

cardiologist with experience in interpreting 

angiograms blinded to CCTA findings interpreted the 

angiograms. True positive, true negative, false 

positive and false negative for CCTA were then 

evaluated against the results of catheter angiography. 

The planned data collection procedure in the synopsis 

also included the comparison of the results of CCTA 

with the results of catheter angiography as the gold 

standard. 
 

The data were entered and analyzed with SPSS 25.0 

software. Data for quantitative variables (age, 

duration of symptom, height, weight and BMI) are 

presented as mean and standard deviation or median 

and interquartile range as appropriate to the normality 

of data. Qualitative variables like gender, residence, 

Hypertension, DM, smoking status, CCTA findings, 

catheter angiography findings were presented as 

frequency and percentage. A 2×2 diagnostic table was 

created to calculate sensitivity, specificity, positive 

predictive value, negative predictive value, diagnostic 

accuracy, positive likelihood ratio, and negative 

likelihood ratio of CCTA for diagnosing coronary 

artery stenosis. The ROC curve analysis was also 

carried out. Stratification was used to control for effect 

modifiers including age, gender, BMI, duration of 

symptoms, hypertension, diabetes mellitus, and 

smoking. Appropriately, post-stratification chi-square 

test or Fisher's exact test were used, with a p value of 

≤0.05 deemed as statistically significant. 

 

RESULTS 
This is a cross-sectional validation study of 127 patients with suspected coronary artery disease. To evaluate the 

diagnostic accuracy of coronary computed tomography angiography (CCTA) to detect coronary artery stenosis, 

against catheter angiography, as outlined in the synopsis. The majority of patients were older than 50 and males were 

marginally more prevalent than females. Common clinical risk factors noted in the study population were 

hypertension, diabetes mellitus and smoking. The average BMI was in the overweight category.  
 

Table 1: Baseline demographic and clinical characteristics of patients 

Variable Frequency / Mean Percentage / SD 

Total patients 127 100% 

Mean age, years 54.8 ± 9.6 

Age 30–50 years 48 37.8% 

Age 51–70 years 79 62.2% 

Male 76 59.8% 

Female 51 40.2% 

Rural residence 58 45.7% 

Urban residence 69 54.3% 

Mean duration of symptoms, weeks 3.2 ± 1.4 

Mean BMI, kg/m² 27.1 ± 4.2 

Hypertension 67 52.8% 

Diabetes mellitus 51 40.2% 

Smoker 46 36.2% 

Patients with coronary artery stenosis were more likely to be older, male, hypertensive, diabetic and smoker. 

Statistically significant association was found between the coronary artery stenosis and age group, hypertension, 

diabetes mellitus, smoking. 
 

Table 2: Comparison of baseline variables according to catheter angiography findings 

Variable Stenosis Present n=47 Stenosis Absent n=80 p-value 

Age 51–70 years 36 (76.6%) 43 (53.8%) 0.011 

Male gender 34 (72.3%) 42 (52.5%) 0.028 

Urban residence 28 (59.6%) 41 (51.3%) 0.365 

BMI >25 kg/m² 32 (68.1%) 42 (52.5%) 0.084 

Hypertension 33 (70.2%) 34 (42.5%) 0.003 
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Diabetes mellitus 27 (57.4%) 24 (30.0%) 0.002 

Smoker 25 (53.2%) 21 (26.3%) 0.002 
 

On CCTA, a coronary artery stenosis was found in 51 patients and on catheter angiography in 47 patients. The 

detection rate was slightly higher for CCTA, perhaps as a result of some false positive cases identified on non-invasive 

imaging. 
 

Table 3: Frequency of coronary artery stenosis on CCTA and catheter angiography 

Imaging modality Stenosis Present Stenosis Absent Total 

CCTA 51 (40.2%) 76 (59.8%) 127 

Catheter angiography 47 (37.0%) 80 (63.0%) 127 

Left anterior descending artery was the most commonly involved artery followed by right coronary artery and left 

circumflex artery. Less commonly seen was the involvement of the left main coronary artery. 
 

Table 4: Distribution of involved coronary arteries on CCTA 

Coronary artery involved Frequency Percentage 

Left anterior descending artery 29 56.9% 

Right coronary artery 21 41.2% 

Left circumflex artery 17 33.3% 

Left main coronary artery 6 11.8% 

Multiple vessel involvement was present in some patients. 
 

The results of CCTA compared with catheter angiography showed 43 true-positive patients, 72 true-negative patients, 

8 false-positive patients, and 4 false-negative patients. There was a statistically significant correlation between CCTA 

and catheter angiography findings. 
 

Table 5: Diagnostic 2×2 table of CCTA compared with catheter angiography 

CCTA finding Catheter angiography positive Catheter angiography negative Total 

CCTA positive 43 8 51 

CCTA negative 4 72 76 

Total 47 80 127 

Chi-square p-value: <0.001 

CCTA had a high sensitiveness and specificity for the detection of coronary artery stenosis. The high negative 

predictive value suggests that CCTA is especially valuable to exclude clinically important coronary artery stenosis in 

patients with suspected disease. 
 

Table 6: Diagnostic accuracy of CCTA for coronary artery stenosis 

Diagnostic parameter Value 

Sensitivity 91.5% 

Specificity 90.0% 

Positive predictive value 84.3% 

Negative predictive value 94.7% 

Diagnostic accuracy 90.6% 

Positive likelihood ratio 9.15 

Negative likelihood ratio 0.09 

Area under ROC curve 0.908 

95% CI for AUC 0.849–0.967 

p-value <0.001 
 

High rates of diagnostic performance in most subgroups. Older patients, males, hypertension, diabetes and smoking 

had a slightly higher sensitivity. However, the differences in diagnostic accuracy in most strata were not significant. 
 

Table 7: Stratified diagnostic accuracy of CCTA according to selected variables 

Variable Sensitivity Specificity Accuracy p-value 

Age 30–50 years 88.9% 89.7% 89.6% <0.001 

Age 51–70 years 92.1% 90.2% 91.1% <0.001 

Male 91.2% 88.1% 89.5% <0.001 

Female 92.3% 92.1% 92.2% <0.001 

Hypertension present 93.9% 88.2% 91.0% <0.001 

Hypertension absent 85.7% 91.3% 90.0% <0.001 
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Diabetes present 92.6% 87.5% 90.2% <0.001 

Diabetes absent 90.0% 91.1% 90.8% <0.001 

Smoker 92.0% 85.7% 89.1% <0.001 

Non-smoker 90.9% 91.5% 91.4% <0.001 

CCTA had an excellent diagnostic performance to detect coronary artery stenosis by ROC curve analysis. The area 

under the curve was 0.908, showing good correlation with the catheter angiography. 
 

Table 8: ROC curve analysis of CCTA 

ROC parameter Value 

Area under curve 0.908 

Standard error 0.030 

95% confidence interval 0.849–0.967 

p-value <0.001 

Of the 127 patients in this study, 47 (37.0%) had coronary artery stenosis confirmed by catheter angiography, and 51 

(40.2%) had coronary artery stenosis detected by CCTA. CCTA was able to correctly identify 43 true-positive cases 

and 72 true-negative cases. The sensitivity, specificity, PPV, NPV, and overall diagnostic accuracy of CCTA were 

91.5%, 90.0%, 84.3%, 94.7%, and 90.6%, respectively. CCTA showed a statistically significant association with 

catheter angiography (p<0.001), which supports the use of CCTA as a reliable non-invasive diagnostic tool for the 

detection of coronary artery stenosis. 
 

 
Figure 1: Comparison of coronary artery stenosis detection by CCTA  

and catheter angiography. 

 
CCTA detected coronary artery stenosis in 51 patients, while catheter angiography confirmed stenosis in 47 patients. 

DISCUSSION  
 

The present study was conducted to determine the 

diagnostic accuracy of coronary computed 

tomography angiography in diagnosing coronary 

artery stenosis, taking catheter angiography as the 

gold standard. In this study, 127 patients with 

suspected coronary artery disease were included. 

Catheter angiography confirmed coronary artery 

stenosis in 47 (37.0%) patients, while CCTA detected 

stenosis in 51 (40.2%) patients. When CCTA was 

compared with catheter angiography, 43 patients were 

true positive, 72 were true negative, 8 were false 

positive, and 4 were false negative. The association 

between CCTA and catheter angiography was 

statistically significant (p<0.001), showing strong 

agreement between the two diagnostic methods (11, 

12). 
 

In this study CCTA was highly accurate in 

diagnosing. Sensitivity (91.5%), specificity (90.0%), 

positive predictive value (84.3%), negative predictive 

value (94.7%) and diagnostic accuracy (90.6%) were 

achieved. These results indicate that CCTA is a good 

non-invasive imaging tool for detecting clinically 

important coronary artery stenosis. The high 

sensitivity suggests CCTA was good at identifying 

patients with coronary artery stenosis on catheter 

angiography. In a similar fashion, the high negative 

predictive value indicates that a negative CCTA result 

can be used to rule out significant coronary artery 
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stenosis in many patients (13, 14). 
 

The results of the current study confirm the results of 

previous published studies. Computed tomography 

angiography was also shown to have high sensitivity 

and high negative predictive value for the exclusion of 

coronary artery disease, with lower specificity when 

compared to other studies (15). Likewise, Xiong et al. 

demonstrated excellent diagnostic accuracy of 

coronary computed tomography angiography stenosis 

score, which was 91.67%, with a 90.66% sensitivity 

and 95.65% specificity, 98.80% positive predictive 

value and 72.13% negative predictive value (16). 

Sensitivity and overall diagnostic accuracy in the 

present study are similar to these published results, 

and this suggests that CCTA is a useful diagnostic tool 

for coronary artery stenosis. 
 

In the current study, CCTA found slightly more 

positive cases than did the catheter angiography. The 

disparities could be attributed to false-positive results 

of CCTA, particularly for patients with coronary 

calcification, motion artifact, high heart rate or poor 

image quality. Although highly sensitive, CCTA 

could overestimate stenosis in very calcified coronary 

segments. It is possible that this can be the reason for 

the 8 cases of false positive in the present study. The 

number of false-negative cases, however, was low, 

which is clinically important as failure to detect 

important coronary stenosis may result in late 

presentation and poor cardiac outcomes (17). 
 

In the present study, the coronary artery most 

frequently involved was the left anterior descending 

artery followed by the right coronary artery and left 

circumflex artery. This is clinically significant since 

the left anterior descending artery feeds a large part of 

the myocardium and when this artery is involved, the 

ischemic symptoms are common. Vessel involvement 

on CCTA may assist in further management and 

triage of which patients may require invasive catheter 

angiography and/or intervention (18). 
 

Factors like age, male sex, hypertension, diabetes 

mellitus, and smoking were more prevalent in the 

coronary artery stenosis group identified by catheter 

angiography. Age group, hypertension, diabetes 

mellitus, and smoking were found to be statistically 

significant among the factors in the present study. This 

is biologically plausible as these factors all play a role 

in endothelial dysfunction, in development of 

atherosclerotic plaques and in progressive coronary 

artery narrowing. For this reason, such individuals 

should be thoroughly assessed if they present with 

symptoms typical of CAD (19, 20). 
 

The major strength of this study is that catheter 

angiography was used as the gold standard for 

comparison. The study also included a fairly large 

number of patients (127 patients) and had well-

defined diagnostic criteria (coronary artery stenosis 

≥50% in one or more major coronary arteries was 

considered positive). The synopsis also clarified that 

the stenosis of the major coronary arteries was defined 

as CCTA positivity and occlusion of ≥50% by catheter 

angiography as angiography positivity, which 

facilitated the comparison between the two diagnostic 

methods. 
 

There are also some limitations to this study. It was 

performed in one center and therefore the results may 

not apply to other populations. Coronary 

calcification, body habitus, image quality, patient 

motion and heart rate may influence the diagnostic 

yield of CCTA. Diagnostic accuracy was not 

evaluated in detail in the case of either vessel-wise or 

segment-wise. Moreover, although catheter 

angiography was used as the gold standard, visual 

assessment of stenosis can have some inter-observer 

variability. More multi-center studies are needed to 

verify these results with larger numbers of subjects and 

detailed vessel-wise analysis. 
 

CONCLUSION  
 

This study concluded that coronary computed 

tomography angiography has high diagnostic 

accuracy for detecting coronary artery stenosis, using 

catheter angiography as the gold standard. In a sample 

of 127 patients, CCTA showed 91.5% sensitivity, 

90.0% specificity, 84.3% positive predictive value, 

94.7% negative predictive value, and 90.6% overall 

diagnostic accuracy, with a statistically significant 

association with catheter angiography findings 

(p<0.001). These findings support CCTA as a useful, 

reliable, and non-invasive diagnostic tool for 

evaluating suspected coronary artery disease, 

especially for ruling out significant coronary artery 

stenosis. However, positive CCTA findings should be 

interpreted carefully in high-risk patients and may 

require confirmation by catheter angiography when 

clinical intervention is being considered. 
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