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Abstract:  

• Background: Emerging as a major cause of death and disability in the developing countries 

is coronary artery disease (CAD). Traditional coronary angiography has traditionally been 

the preferred diagnostic procedure for CAD. Non-invasive evaluation of coronary artery 

disease (CAD) using computed tomography (CT) coronary angiography shows promise. 

This observational study's goal is to assess the relative efficacy of noninvasive multi-section 

computed tomography (MSCT) coronary angiography vs invasive selective coronary 

angiography in detecting coronary stenosis. 

• Method and patient: This observational study carried out in the Azadi teaching 

Hospital/Kirkuk between November 2021 to March 2022. Patients who suspected to have 

coronary artery disease underwent both CTCA and invasive coronary angiography in 

different centers in our country comparing and analyzing their results.  

• Result: In total, 92 participants were enrolled in the trial. Patients had a mean age of 

57.207.3 years, and men made up the vast majority of those who appeared (67.3 percent). 

Chest pain was the most common presenting complaint (94 percent). Patients exhibited a 

prevalence of 84% for HTN, 55% for hyperlipidaemia, 58% for diabetes, and 4% for 

ischemic heart disease. In addition, 50% of the patients are either current or former 

smokers. Half of the patients received 64-slice CT scans, nearly half had 128-slice scans, 

and 3.2% got 256-slice scans. CCTA's sensitivity was 100%, and its specificity was 66.7%. 
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Positive predictive value for CCTA was 98.8 percent (meaning it correctly identified 

positive cases in 98.8 percent of patients) and negative predictive value was 100 percent, for 

a total diagnostic accuracy of 98.9 percent (which mean CCTA can exclude all negative 

cases and did not miss any case). When looking at individual arteries, the LAD artery was 

shown to be the most accurate, while the LCX artery was the least accurate (95.6 percent 

and 78.2 percent respectively). In terms of sensitivity, LAD performed at a 99.1% rate, 

while LMS performed at a 0% rate (33.3 percent). RCA had the most specificity (95.2 

percent), whereas LAD had the lowest (88.8 percent) (40 percent). In order to determine 

what factors, influence CCTA positivity, we performed a binary logistic regression analysis 

for positive CCTA (negative as reference) with all variables from the studies. The results 

showed that IHD, lesions in the LAD artery, lesions in the LCX artery, and CT slice 

thickness (128 and 256 slices) all have a negative effect on CCTA (p0.05).  

• Conclusions: When compared to traditional angiography, multi-slice computed tomography 

has demonstrated superior sensitivity and specificity for the identification of coronary artery 

disease. 

• Keywords: Coronary artery disease, Computed tomography, coronary angiography, 

Conventional coronary angiography. 

 

INTRODUCTION 

Emerging as a major cause of death and disability in the developing countries is coronary artery 

disease (CAD). Traditional coronary angiography has traditionally been the preferred 

diagnostic procedure for CAD (1)
. In the context of catheter-based or surgical treatments, it offers 

superb resolution for seeing the coronary arteries. Mortality is a very rare complication of this 

procedure, but it relates to a number of other problems, both cardiac and otherwise (2). 

 Noninvasive evaluation of coronary artery disease (CAD) using computed tomography (CT) 

coronary angiography shows promise (3). coronary artery disease is evaluated, and both 

qualitative and quantitative data on the presence and extent of non-obstructive atherosclerotic 

plaque in the arterial wall are provided. This suggests that CT angiography-based disease 

evaluation may yield more useful information for patients than does standard angiography. 

High diagnostic accuracy of CT coronary angiography has resulted from the development of 

multi-slice computed tomography (MSCT) technology, such as 64-slice, 128-slice, 256-slice, 

and now 320-slice MSCT (4)
.  

 With a negative predictive value constantly exceeding 90%, it has been shown to reliably 

exclude patients who have severe CAD, whereby coronary luminal stenosis is defined as 50%. 



 

 

3 

Kirkuk Journal of Medical Sciences - Volume 11/ Issue 1/ 2023 

Therefore, the purpose of this study is to compare the diagnostic yield and accuracy of coronary 

CT angiography (CCTA) with invasive coronary angiography (ICA) in patients referred for 

invasive coronary angiography due to clinical concern for coronary artery disease (CAD). (5, 6). 

CAD, or coronary artery disease: Atherosclerosis's pathophysiology is still poorly 

understood. Atherosclerosis likely has a complex pathophysiology due to the interaction of 

environmental and genetic variables. Some 'new' risk factors and as-yet-unrecognized factors 

may be as important as the 'traditional' ones as HTN, dyslipidemia, DM, and smoking. The high 

rate of CAD in Iraq may be a result of any one of these variables acting alone or in various 

combinations within a genetically susceptible population (1,7,8). Standard invasive angiography 

(CIA) has been the gold standard for verifying the diagnosis of CAD for several decades. As 

part of coronary angiography, a catheter is inserted into an artery in the groin, arm, or shoulder 

and guided to the heart. Digital X-ray images are taken as iodinated contrast dye is injected 

directly into the coronary arteries (9 – 11). 

 

Figure 1. Atherosclerosis of the Coronary Arteries. Coronary angiogram and cardiac 

catheterization demonstrating significant left anterior descending (LAD) stenosis in the 

left panel. As can be seen in the right panel, a stent was placed in the left anterior 

descending coronary artery to treat this lesion (13) 

 

 The diagnostic accuracy of invasive coronary angiography has various drawbacks. Visual 

estimations of stenosis severity are common, but they have their limitations due to inter-

observer variability that can vary from 30 to 60 percent. As the stenosis areas are reported as a 

percentage of luminal diameter in comparison with surrounding normal coronary segments, 

and, in diffuse disease, no such segments are detected, the presence of diffuse disease may also 

contribute to underestimating of stenosis (12-14). 

 The fractional flow reserve computed tomography (FFRCT) approach has recently emerged as 

a non-invasive method for assessing the severity of epicardial coronary narrowing and the 

physiological consequences of this narrowing (15,16). 
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 To get around the drawbacks of CIA, multi-slice computed tomography angiography (CTA) 

has been recommended in recent years as an alternative method of diagnosing coronary 

blockages. Recent advances in technology with many detectors have greatly enhanced spatial 

and temporal resolutions of pictures, making CTA the focus of doctors' attention (17) This 

observational study's goal is to assess the relative efficacy of noninvasive multi-section 

computed tomography (MSCT) coronary angiography vs invasive selective coronary 

angiography in detecting coronary stenosis (22), This observational study's goal is to assess the 

relative efficacy of noninvasive multi-section computed tomography (MSCT) coronary 

angiography vs invasive selective coronary angiography in detecting coronary stenosis (18-21). 

 

PATIENT and METHOD 

This research was conducted from November 2021 to March 2022 at the Azadi Teaching 

Hospital in Kirkuk. All patients who fulfilled the following inclusion criteria were included in 

the study: Patient must be 18 years or older. Suspect angina related to coronary heart disease 

because of chest pain. Individuals who are at a moderate risk for developing coronary artery 

disease but not at a high risk. Criteria for exclusion: Those who are unable or unwilling to 

undergo CTCA. People who have developed an episode of acute coronary syndrome (up to 100 

days previously). A glomerular filtration rate of 30 ml/min or below indicates chronic kidney 

disease. Patients who are pregnant women. Systemic comorbidity individuals, such as those 

with severe COPD, who cannot hold their breath while imaging. Direct questionnaire 

interviews are conducted with each respondent to acquire the following data: In the first section, 

you'll be asked questions about your demographics and your health. Give your full name, date 

of birth, gender, job title, and a brief introduction. Examining the presence of many disorders: 

ischemic heart disease, diabetes, high cholesterol, high blood pressure, high blood sugar, high 

body mass index, and a normal electrocardiogram all point to a healthy lifestyle.  

Part 2 involves comparing and analyzing the outcomes of CTCA and invasive coronary 

angiography in patients who gave their informed consent for both procedures. Multiple 

observers, each of whom was uninformed of the multi-slice CT results, classified coronary 

lesions as either single-vessel, double-vessel, or triple-vessel disease. To be compared with 

invasive angiography, lesions of any size are included. According to the degree to which an 

artery has been blocked, lesions are categorized.  

The majority of our patients' CTCA and CIA were performed in the city of Kirkuk in northern 

Iraq, and the interval between their tests ranged from a few weeks to three months. Regarding 

the ethical considerations, Approval was taken from Internal Medicine Scientific Committee of 

Iraqi Board, an agreement for research was taken from hospitals' authorities, written informed 
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consent was taken from each patient. The statistical package for social sciences (SPSS) software 

version 23 had been used for data entry and analysis. In the descriptive statistics for socio-

demographic characteristics, the means, standard deviations, min, max values were used for 

continuous data. Numbers and percentage values were used for countable data. In analyzing the 

differences between the groups, chi square and T test were used. Binary logistic analysis was 

used to evaluate the possible factors associated with positive CCTA. P<0.05 was used as the 

threshold for statistical significance. 

RESULTS 

There were 92 patients included in this study. 

Demographic characteristics: The mean age of patients was 57.2 ± 7.3 years (range 44 – 75 

years).  

 

Table 1. Descriptive statistics of age 

 Mean SD Minimum Maximum 

Age 57.2 7.3 44 75 

 

 

 

Majority of presented patients were males (67.3%) (Figure 3.1). 

 

 

Figure 1. Gender distribution across patients 

The majority of patients were presented with chest pain (94%). There were 85%, 55%, 58%, 

and 4% of patients had HTN, hyperlipidemia, DM, and IHD respectively. Also, 50% of 

patients are currently smokers or ex-smokers (Table 2). 
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Table 2. Demographic characteristics of patients 

 Count N % 

Chest Pain 
No 5 5.4% 

Yes 87 94.6% 

Dyspnea 
No 45 48.9% 

Yes 47 51.1% 

Palpitation 
No 54 58.7% 

Yes 38 41.3% 

Occupation 

Employee 23 25.0% 

Free worker 30 32.6% 

Housewife 27 29.3% 

Retired 10 10.9% 

Teacher 2 2.2% 

HTN 
No 13 14.1% 

Yes 79 85.9% 

Hyperlipidemia 
No 41 44.6% 

Yes 51 55.4% 

DM 
No 38 41.3% 

Yes 54 58.7% 

IHD 
No 88 95.7% 

Yes 4 4.3% 

Smoking 

Yes 34 37% 

Ex smoke 12 13.0% 

No 46 50.0% 

 

 

 

Regarding vital signs and BMI, the descriptive statistics are given in below table 3. 

 

Table 3. Descriptive statistics of vital signs and BMI 

 Mean SD Minimum Maximum 

SBP 138 13 110 170 

DBP 82 11 60 100 

HR 78 8 56 105 

RR 14 1 10 16 

BMI 27 3 23 36 

 

 

Regarding the ECG changes, majority of patients presented with ST segment changes (75%) 

(Figure 2).  
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Figure 2. ECG changes across patients 

 

 

Coronary CT angiography (CCTA): There were 50% of patients had 64-slice CT, 46.7% of 

patients had 128-slice CT, and 3.2% patients had 256-slice CT (Figure 3). 

 
Figure 3. Type of CT performed. 

 

 The sensitivity of CCTA was 100% with specificity of 66.7%. The diagnostic accuracy of 

CCTA was 98.9% with PPV of 98.8% (which mean CCTA can identify positive cases in 98.8% 

of patients) and NPV of 100% (which mean CCTA can exclude all negative cases and did not 

miss any case).  

Table 4. Comparison between CCTA and Conventional invasive angiography for 

diagnosis of CAD 

 Conventional invasive angiography Total 

Positive Negative 

CT Positive 89 (100%) 1 (33.3%) 90 (97.8%) 

Negative 0 2 (66.7%) 2 (2.2%) 

Total 89 (100%) 3 (100%) 92 (100%) 

P=0.0001 
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Table 5. Diagnostic accuracy of CCTA based on conventional invasive angiography 

Test Value 

Sensitivity 100% 

Specificity 66.7% 

Positive predictive value 98.8% 

Negative predictive value 100% 

Accuracy 98.9% 

 

For specific artery accuracy, the highest accuracy was observed for LAD artery while LCX 

artery showed lowest accuracy (95.6% and 78.2% respectively). The highest sensitivity was 

observed with LAD (98.9%) while LMS showed lowest sensitivity (33.3%). The specificity 

was at its highest level with RCA (95.2%) while lowest specificity was observed with LAD 

(40%). 

 

Table 6. Comparison between CCTA and conventional invasive angiography for 

diagnosis of CAD per location 

Location CCTA Angiography P value 

Positive No lesion Positive No lesion 

LMS 10 (10.9%) 82 (89.1%) 3 (3.3%) 89 (96.7%) 0.2 

LAD 89 (96.7%) 3 (3.3%) 87 (94.6%) 5 (5.4%) 0.001 

RCA 42 (45.7%) 50 (54.3%) 50 (54.3%) 42 (45.7%) 0.001 

LCX 60 (65.2%) 32 (34.8%) 54 (58.7%) 38 (41.3%) 0.001 

 

 

 

 

Table 7. Diagnostic accuracy of CCTA based on conventional invasive angiography per 

location 

Artery Sensitivity Specificity PPV NPV Accuracy 

LMS 33.3% 89.9% 90% 97.6% 88% 

LAD 98.9% 40% 96.6% 66.7% 95.6% 

RCA 80% 95.2% 95.2% 80% 86.9% 

LCX 87% 65.8% 78.3% 78.1% 78.2% 

 

  

Factors associated with CCTA positivity: By running binary logistic regression analysis for 

positive CCTA (negative as reference) with all studies variables to test the factors that impact 

CCTA positivity, the test showed that, IHD, lesion in LAD artery, lesion in LCX artery, and 

type of CT (128 and 256 slices) effect negatively CCTA (p<0.05) (Table 8). 

 

 



 

 

9 

Kirkuk Journal of Medical Sciences - Volume 11/ Issue 1/ 2023 

Table 8. Factors associated with CCTA positivity 

 Score DF P value 

 
Variables 

Age 0.003 1 0.959 

Sex 0.989 1 0.320 

Occupation 6.133 4 0.189 

HTN 0.336 1 0.562 

Hyperlipidemia 1.644 1 0.200 

DM 1.439 1 0.230 

IHD 44.978 1 0.001 

Smoking 2.044 1 0.432 

SBP 0.628 1 0.428 

DBP 3.087 1 0.079 

HR 0.316 1 0.574 

RR 2.870 1 0.090 

BMI 1.307 1 0.253 

ECG Changes 0.681 3 0.878 

LMS 0.249 1 0.618 

LAD 60.652 1 0.001 

RCA 1.717 1 0.190 

LCX 3.833 1 0.050 

Type of CT 14.723 2 0.001 

Chest Pain 0.117 1 0.732 

Dyspnea 2.135 1 0.144 

Palpitation 1.439 1 0.230 

Overall Statistics 77.802 41 0.001 

 

 

 

There was no significant association between the comorbidities and CT nor O2 saturation 

(P>0.05) (Table 9). 

 

Table 9. Group Statistics comparison of BMI with CT and O2 saturation 

 Variable N Mean SD P value 

C.T scan 
Hypertension 36 67.78 15.741 

0.76 
No 64 66.80 15.207 

O2 sat. 
Hypertension 36 83.92 5.674 

0.71 
No 64 83.44 7.536 

C.T scan 
DM 27 70.37 14.539 

0.2 
No DM 73 65.96 15.538 

O2 sat. 
DM 27 82.44 5.235 

0.3 
No DM 73 84.04 7.404 

C.T scan 
Others 10 63.00 18.439 

0.36 
No comorbidities 90 67.61 14.995 

O2 sat. Others 10 85.10 6.903 0.47 
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DISCUSSION 

When it comes to visualizing coronary artery disease, CCTA is state-of-the-art. CCTA is useful 

for assessing heart chambers, valves, great vessels, pericardium, and surrounding tissues, even 

though coronary atherosclerosis is the primary cause for the burden of cardiovascular illnesses 

(2). This study was created to evaluate CCTA's diagnostic performance specifically for coronary 

arteries.  

 Among all patients, there was a mean age of 57.2 7.3 years. This matched the results of a recent 

study by Mohammad et al. in Iraq, which found that CAD patients, on average, were 55 years 

old (13), Another study by Mohammad et al. found that patients with advanced CAD had a mean 

age of 63, thus ours is in line with that. 9 Additionally, Elliott et al. found that the average age 

of CAD patients was 55 in research conducted in the United Kingdom. These findings lend 

credence to the widely held belief that coronary artery disease is a leading cause of death and 

disability among adults (56).  

 Most patients in this study were male, which is consistent with a study conducted in Iraq by 

Mohammad et al. that found 62% of adults with CAD were male (13). 

13 Elliott et al. conducted research in the UK and found that 58% of CAD patients were female. 

9 Possible explanations for this discrepancy include varying sample sizes and underlying 

genetic variables (9). 

 The most common presenting complaint was chest pain (94 percent). Historically, coronary 

artery disease has been represented by angina, which is a pain in the sub-sternal region that is 

described as a squeezing or heavy feeling and that may radiate to the medial aspect of the left 

upper extremity, to the neck, or to the jaw, and that may be accompanied by nausea, vomiting, 

palpitations, diaphoresis, syncope, or even sudden death. Even if a patient presents with 

seemingly unrelated symptoms, doctors and other medical professionals should keep their 

guard up and treat them with caution (52).  

 Patient prevalence of hypertension, elevated cholesterol levels, diabetes mellitus, and ischemic 

heart disease was 84%, 55%, 58%, and 4%, respectively. The most common risk factor was 

found to be hypertension (55.3%), followed by dyslipidemia (42.7%), type 2 diabetes mellitus 

(29%), smoking (11%), and ex-smoking (22%). (9.3 percent). A possible explanation for the 

discrepancy could be because the two-research used different sized samples (13). 

Carbon monoxide, tar, nitrosamines, polycyclic aromatic hydrocarbons, hydrogen cyanide, 

aldehydes, and heavy metals are only few of the thousands of toxic chemicals found in tobacco. 

Evidence from epidemiological and clinical investigations shows that cigarette smoking 

increases the risk of cardiovascular events in a dose- and time-dependent manner. Acute 

myocardial infarction occurred roughly ten years earlier in smokers (53). 
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 CCTA's sensitivity was 100%, and its specificity was 66%. CCTA has a 98.9% sensitivity, a 

98.8% specificity (meaning it can detect positive cases in 98.8% of patients), and a 100% NPV 

(meaning it can detect no false positives) (which mean CCTA can exclude all negative cases 

and did not miss any case). Similar results were found in another study by Joshi et al., which 

found a sensitivity and specificity of 100% (95 percent confidence interval [CI]: 39.76 percent 

-100 percent) and 91.30 percent (95 percent CI: 79.21 percent -97.58 percent) for CT 

angiography, respectively. CT angiography had a strong positive predictive value (50 percent; 

95% CI: 15.70 percent to 84.30 percent) and a high negative predictive value (100 percent; 95% 

CI: 91.59 percent to 100 percent) in this group of patients (40,41). 

 In addition, Mannan et al. found that CCTA has a sensitivity of 83.8% for detecting stenosis, 

a specificity of 98.4%, and an accuracy of 96.5%; based on these results, the authors concluded 

that CCTA permits the identification of coronary stenosis with excellent accuracy and well 

correlation with conventional angiogram. Despite this, Mannan et al. relied on only 64 CCTA 

slices in their analysis (43,45,46), In addition, the positive CCTA was shown by Meinel et al. to 

have a positive predictive value of 83% for individuals with clinically significant CAD, 100% 

sensitivity, and 84% specificity (47,48). 

 The diagnostic accuracy of coronary computed tomography angiography for coronary artery 

disease (CAD) was also demonstrated by Nielsen et al. to be higher than that of standard 

exercise electrocardiography and single-photon emission computed tomography (47). 

 Wu et al. found that coronary CT coronary angiography (CTCA) was more sensitive than the 

‘standard diagnostic technique' in identifying patients with angina owing to coronary heart 

disease while also being less expensive (48,49). 

 In addition, a recent Egyptian study by Abd Ella et al indicated that CTCA has a sensitivity, 

specificity, and accuracy of 97.1, 96.8, and 96.8 percent, respectively, when compared to 

traditional angiography for diagnosing severe stenosis in coronary arteries (36 ,37). 

Based on 64-slice CT evaluations of 923 segments from 68 patients, Nikolaou et al. found a 

sensitivity of 82%, specificity of 91%, a positive predictive value of 72%, a negative predictive 

value of 97%, and an accuracy of 93%. On a sample of 113 patients, Kerl et al. found that 64-

slice CT had a sensitivity of 90.5%, specificity of 98.4%, positive predictive value (PPV) of 

85.5%, negative predictive value (NPV) of 99.0%, and accuracy of 97.7% (40). 

 Accuracy for individual arteries varied, with the LAD artery showing the most precision and 

the LCX artery the least (95.6 percent and 78.2 percent respectively). LAD demonstrated the 

most sensitivity (98.9%), whereas LMS had the lowest (33.3 percent). The RCA had the most 

specificity (95.2%), while the LAD had the lowest (40 percent). Similar findings were seen in 

a recent Egyptian study by Abd Ella et al., demonstrating varying sensitivity and specificity 

with respect to particular artery obstruction (54). 
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To further investigate the factors that influence CCTA positivity, we ran a binary logistic 

regression for positive CCTA (negative as reference) with all study variables. The results 

showed that IHD, LAD artery lesion, LCX artery lesion, and CT slice count (128 vs. 256) all 

have a negative effect on CCTA positivity. These factors may influence the outcomes; however, 

the size of the sample may be more influential (30.31). 

 In a study comparing CCTA and invasive coronary angiography, Knaapen concluded that 

CCTA was close but not close enough to replace invasive coronary angiography, but that over 

the past decade, noninvasive computed tomographic coronary angiography (CCTA) has 

emerged as a viable alternative to its invasive counterpart (53). A negative CCTA of adequate 

quality virtually excludes out obstructive CAD and considerably minimizes unnecessary 

invasive treatments, which is especially important given the low yield of ICA for detecting 

CAD (52,53) However, CCTA is used more as a screening tool for ICA rather than as a 

replacement for it because of worse image quality due to reduced spatial and temporal 

resolution, motion and blooming artifacts, and the need for a low and steady heart rate for 

optimal image capture. Due to its low specificity and high false-positive rate, CCTA has always 

been its own downfall, and further diagnostic methods are warranted in the event of a positive 

scan. After a CCTA that is either inconclusive or positive, myocardial perfusion imaging has 

been recommended to boost specificity. However, this approach has been shown to contribute 

little to no value over CCTA alone to identify CAD, and instead just boosts specificity at the 

expense of sensitivity without significantly improving total diagnosis accuracy, and therefore 

may be regarded even un useful for clinical decision-making. Now that we're moving away 

from these hybrid or sequential imaging methodologies, we can put our energy into perfecting 

CCTA as a stand-alone diagnostic tool that can potentially replace ICA (50,53). 

 It's interesting to note that a March 2022 study by Li et al. found that CCTA's diagnostic 

performance changes depending on the level of experience of the reading physician. It has been 

demonstrated that as one's experience with CCTA grows, so does its diagnostic precision. Few 

patients had 256-slice CCTA, and the sample size was limited overall (54). 
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CONCLUSION 

1. We found that CCTA has a sensitivity of 100% and a specificity of 66.7% in our 

investigation.  

2. CCTA has a 98.9% sensitivity, a 98.8% specificity (meaning it can detect positive cases 

in 98.8% of patients), and a 100% NPV (meaning it can detect no false positives) (which 

mean CCTA can exclude all negative cases and did not miss any case).  

3. When looking at individual arteries, the accuracy of the LAD was highest while that of 

the LCX was lowest. Contrary to LMS, LAD was shown to have the highest sensitivity. 

The sensitivity was highest for RCA and lowest for LAD.  

 

RECOMMENDATION  

1. To diagnose CAD and provide crucial information to guide treatment, therapy, and 

prognostic evaluation in patients with suspected CAD, CT coronary angiography is a 

first-line, noninvasive diagnostic test alternative to ICA.  

2. In individuals with a moderate to low pre-test risk of CAD, for whom a diagnosis or 

exclusion of the condition cannot be made based on clinical examination alone, this test 

is invaluable.  

3. In individuals experiencing chest pain other than from a heart attack, it can be used to 

quickly rule out coronary artery disease.  

4. The impact of CT (128 and 256 slices) on diagnostic precision: a large cohort study. 

 

REFERENCES 

 

1. Kohsaka S, Makaryus AN. Coronary angiography using noninvasive imaging 

techniques of cardiac CT and MRI. Current cardiology reviews. 2008 Nov 1;4(4):323-

30. doi: 10.2174/157340308786349444. 

 

2. Tavakol M, Ashraf S, Brener SJ. Risks and complications of coronary angiography: a 

comprehensive review. Global journal of health science. 2012 Jan;4(1):65. doi: 

10.5539/gjhs.v4n1p65. 

https://doi.org/10.2174%2F157340308786349444
https://doi.org/10.5539%2Fgjhs.v4n1p65


 

 

14 

Kirkuk Journal of Medical Sciences - Volume 11/ Issue 1/ 2023 

3. Hamilton-Craig CR, Friedman D, Achenbach S. Cardiac computed tomography—

Evidence, limitations and clinical application. Heart, Lung and Circulation. 2012 Feb 

1;21(2):70-81. doi: 10.1016/j.hlc.2011.08.070.  

 

4. Otero HJ, Steigner ML, Rybicki FJ. The “post-64” era of coronary CT angiography: 

understanding new technology from physical principles. Radiologic clinics of North 

America. 2009 Jan 1;47(1):79-90. doi: 10.1016/j.rcl.2008.11.001. 

 

 

5. Achenbach S, Ulzheimer S, Baum U, Kachelrieß M, Ropers D, Giesler T, Bautz W, 

Daniel WG, Kalender WA, Moshage W. Noninvasive coronary angiography by 

retrospectively ECG-gated multislice spiral CT. Circulation. 2000 Dec 5;102(23):2823-

8. doi: 10.1161/01.cir.102.23.2823. 

 

6. Zou KH, O’Malley AJ, Mauri L. Receiver-operating characteristic analysis for 

evaluating diagnostic tests and predictive models. Circulation. 2007 Feb 6;115(5):654-

7. doi: 10.1161/CIRCULATIONAHA.105.594929. 

 

7. Islam AM, Majumder AA. Coronary artery disease in Bangladesh: A review. Indian 

heart journal. 2013 Jul 1;65(4):424-35. 

 

8. Kannel WB. Searching for answers to ethnic disparities in cardiovascular risk. The 

Lancet. 2000;356(9226):266-7. 

 

9. Mohammad AM, Sheikho SK, Tayib JM. Relation of cardiovascular risk factors with 

coronary angiographic findings in Iraqi patients with ischemic heart disease. American 

Journal of Cardiovascular disease research. 2013;1(1):25-9. 

 

10. Mohammad AM, Rashad HH, Habeeb QS, Rashad BH, Saeed SY. Demographic, 

clinical and angiographic profile of coronary artery disease in kurdistan region of Iraq. 

American Journal of Cardiovascular Disease. 2021;11(1):39. 

https://doi.org/10.1016%2Fj.rcl.2008.11.001
https://doi.org/10.1161/01.cir.102.23.2823
https://doi.org/10.1161/circulationaha.105.594929


 

 

15 

Kirkuk Journal of Medical Sciences - Volume 11/ Issue 1/ 2023 

11. 1- Dodani S, Henkhaus R, Wick J, Vacek J, Gupta K, Dong L, Butler MG. Metabolic 

syndrome in South Asian immigrants: more than low HDL requiring aggressive 

management. Lipids in Health and Disease. 2011 Dec;10(1):1-0. 

 

12. Samani NJ, Sharma P. Coronary heart disease in South Asian populations-the role of 

genetics. The epidemic of coronary heart disease in South Asian populations: causes 

and consequences. 2004:81. 

 

13. Shah A, Hernandez A, Mathur D, Budoff MJ, Kanaya AM. Adipokines and body fat 

composition in South Asians: results of the Metabolic Syndrome and Atherosclerosis in 

South Asians Living in America (MASALA) study. International journal of obesity. 

2012 Jun;36(6):810-6. 

 

14. Ranjith N, Pegoraro RJ, Shanmugam R. Obesity-associated genetic variants in young 

Asian Indians with the metabolic syndrome and myocardial infarction: cardiovascular 

topics. Cardiovascular Journal of Africa. 2011 Jan 1;22(1):25-30. 

 

 

15. Jia H, Abtahian F, Aguirre AD, Lee S, Chia S, Lowe H, Kato K, Yonetsu T, Vergallo 

R, Hu S, Tian J. In vivo diagnosis of plaque erosion and calcified nodule in patients 

with acute coronary syndrome by intravascular optical coherence tomography. Journal 

of the American College of Cardiology. 2013 Nov 5;62(19):1748-58. 

 

16. Einstein AJ, Henzlova MJ, Rajagopalan S. Estimating risk of cancer associated with 

radiation exposure from 64-slice computed tomography coronary angiography. Jama. 

Jul 18 2007;298(3):317–323. 

17. Thompson RC, Cullom SJ. Issues regarding radiation dosage of cardiac nuclear and 

radiography procedures. J Nucl Cardiol. Jan-Feb 2006;13(1):19–23. 

 

18. Xu Y, Tang L, Zhu X, Xu H, Tang J, Yang Z, Wang L, Wang D. Comparison of dual-

source CT coronary angiography and conventional coronary angiography for detecting 

coronary artery disease. The international journal of cardiovascular imaging. 2010 

Feb;26(1):75-81. 



 

 

16 

Kirkuk Journal of Medical Sciences - Volume 11/ Issue 1/ 2023 

19. Mowatt G, Cook JA, Hillis GS, Walker S, Fraser C, Jia X, Waugh N. 64-Slice computed 

tomography angiography in the diagnosis and assessment of coronary artery disease: 

systematic review and meta-analysis. Heart. 2008 Nov 1;94(11):1386-93. 

 

20. Budoff, M.J., Dowe, D., Jollis, J.G., Gitter, M., Sutherland, J., Halamert, E., Scherer, 

M., Bellinger, R., Martin, A., Benton, R. and Delago, A., 2008. Diagnostic performance 

of 64-multidetector row coronary computed tomographic angiography for evaluation of 

coronary artery stenosis in individuals without known coronary artery disease. Journal 

of the American College of Cardiology, 52(21), pp.1724-1732. 

 

21. Johnson NP, Kirkeeide RL, Gould KL. Coronary anatomy to predict physiology: 

fundamental limits. Circulation: Cardiovascular Imaging. 2013 Sep;6(5):817-32. 

 

22. Prati F, Di Vito L, Biondi-Zoccai G, Occhipinti M, La Manna A, Tamburino C, Burzotta 

F, Trani C, Porto I, Ramazzotti V, Imola F. Angiography alone versus angiography plus 

optical coherence tomography to guide decision-making during percutaneous coronary 

intervention: the Centro per la Lotta contro l’Infarto-Optimisation of Percutaneous 

Coronary Intervention (CLI-OPCI) study. EuroIntervention. 2012 Nov 22;8(7):823-9. 

 

23. Dehkordi MT, Sadri S, Doosthoseini A. A review of coronary vessel segmentation 

algorithms. Journal of medical signals and sensors. 2011 Jan;1(1):49. 

 

24. Miller JM, Rochitte CE, Dewey M, Arbab-Zadeh A, Niinuma H, Gottlieb I, Paul N, 

Clouse ME, Shapiro EP, Hoe J, Lardo AC. Diagnostic performance of coronary 

angiography by 64-row CT. New England Journal of Medicine. 2008 Nov 

27;359(22):2324-36. 

 

25. Voros S, Rinehart S, Qian Z, Joshi P, Vazquez G, Fischer C, Belur P, Hulten E, Villines 

TC. Coronary atherosclerosis imaging by coronary CT angiography: current status, 

correlation with intravascular interrogation and meta-analysis. JACC: Cardiovascular 

Imaging. 2011 May;4(5):537-48. 

 



 

 

17 

Kirkuk Journal of Medical Sciences - Volume 11/ Issue 1/ 2023 

26. Papadopoulou SL, Girasis C, Dharampal A, Farooq V, Onuma Y, Rossi A, Morel MA, 

Krestin GP, Serruys PW, de Feyter PJ, Garcia HM. CT-SYNTAX score: a feasibility 

and reproducibility Study. JACC: Cardiovascular Imaging. 2013 Mar;6(3):413-5. 

 

27. Farooq V, Van Klaveren D, Steyerberg EW, Meliga E, Vergouwe Y, Chieffo A, 

Kappetein AP, Colombo A, Holmes Jr DR, Mack M, Feldman T. Anatomical and 

clinical characteristics to guide decision making between coronary artery bypass 

surgery and percutaneous coronary intervention for individual patients: development 

and validation of SYNTAX score II. The Lancet. 2013 Feb 23;381(9867):639-50. 

 

28. Cavalcante R, Sotomi Y, Lee CW, Ahn JM, Farooq V, Tateishi H, Tenekecioglu E, 

Zeng Y, Suwannasom P, Collet C, Albuquerque FN. Outcomes after percutaneous 

coronary intervention or bypass surgery in patients with unprotected left main disease. 

Journal of the American College of Cardiology. 2016 Sep 6;68(10):999-1009. 

 

29. Decramer I, Vanhoenacker PK, Sarno G, Van Hoe L, Bladt O, Wijns W. Effects of 

sublingual nitroglycerin on coronary lumen diameter and number of visualized septal 

branches on 64-MDCT angiography. AJR Am J Roentgenol. 2008 Jan. 190(1):219-25. 

 

30. Schuetz GM, Zacharopoulou NM, Schlattmann P, Dewey M. Meta-analysis: 

noninvasive coronary angiography using computed tomography versus magnetic 

resonance imaging. Ann Intern Med. 2010 Feb 2. 152(3):167-77. 

 

31. Taylor AJ, Cerqueira M, Hodgson JM, et al. 

ACCF/SCCT/ACR/AHA/ASE/ASNC/NASCI/SCAI/SCMR 2010 .Appropriate Use 

Criteria for Cardiac Computed Tomography. A Report of the American College of 

Cardiology Foundation. 2010 Nov 23. 122(21):e525-55. 

 

32. Abdulla J, Abildstrom SZ, Gotzsche O, Christensen E, Kober L, Torp-Pedersen C. 64-

multislice detector computed tomography coronary angiography as potential alternative 

to conventional coronary angiography: a systematic review and meta-analysis. 

European heart journal. 2007 Dec 1;28(24):3042-50. 

 



 

 

18 

Kirkuk Journal of Medical Sciences - Volume 11/ Issue 1/ 2023 

33. Mowatt G, Cummins E, Waugh N, Walker S, Cook JA, Jia X, Hillis GS, Fraser CM. 

Systematic review of the clinical effectiveness and cost-effectiveness of 64-slice or 

higher computed tomography angiography as an alternative to invasive coronary 

angiography in the investigation of coronary artery disease. Health Technology 

Assessment 2008; 12: 17. 

 

34. Paech DC, Weston AR. A systematic review of the clinical effectiveness of 64-slice or 

higher computed tomography angiography as an alternative to invasive coronary 

angiography in the investigation of suspected coronary artery disease. BMC 

cardiovascular disorders. 2011 Dec;11(1):1-1. 

 

35. Stein PD, Yaekoub AY, Matta F, Sostman HD. 64-slice CT for diagnosis of coronary 

artery disease: a systematic review. The American journal of medicine. 2008 Aug 

1;121(8):715-25. 

 

36. Sajjadieh A, Hekmatnia A, Keivani M, Asoodeh A, Pourmoghaddas M, Sanei H. 

Diagnostic performance of 64-row coronary CT angiography in detecting significant 

stenosis as compared with conventional invasive coronary angiography. ARYA 

atherosclerosis. 2013 Mar;9(2):157. 

 

37. Wever-Pinzon O, Romero J, Kelesidis I, et al. Coronary computed tomography 

angiography for the detection of cardiac allograft vasculopathy: a meta-analysis of 

prospective trials. J Am Coll Cardiol. 2014 May 20. 63(19):1992-2004. 

 

38. Pugliese F, Mollet NR, Hunink MM, Cademartiri F, Nieman K, van Domburg RT, 

Meijboom WB, Van Mieghem C, Weustink AC, Dijkshoorn ML, de Feyter PJ. 

Diagnostic performance of coronary CT angiography by using different generations of 

multisection scanners: single-center experience. Radiology. 2008 Feb;246(2):384-93. 

 

39. Steigner ML, Otero HJ, Cai T, Mitsouras D, Nallamshetty L, Whitmore AG, Ersoy H, 

Levit NA, Di Carli MF, Rybicki FJ. Narrowing the phase window width in 

prospectively ECG-gated single heart beat 320-detector row coronary CT angiography. 

The international journal of cardiovascular imaging. 2009 Jan;25(1):85-90. 

 



 

 

19 

Kirkuk Journal of Medical Sciences - Volume 11/ Issue 1/ 2023 

40. Mori S, Endo M, Nishizawa K, Murase K, Fujiwara H, Tanada S. Comparison of patient 

doses in 256-slice CT and 16-slice CT scanners. The British journal of radiology. 2006 

Jan;79(937):56-61. 

 

41. Neves PO, Andrade J, Monção H. Coronary artery calcium score: current status. 

Radiologia brasileira. 2017 May;50:182-9. 

 

42. Elliott J, Bodinier B, Bond TA, Chadeau-Hyam M, Evangelou E, Moons KG, Dehghan 

A, Muller DC, Elliott P, Tzoulaki I. Predictive accuracy of a polygenic risk score–

enhanced prediction model vs a clinical risk score for coronary artery disease. Jama. 

2020 Feb 18;323(7):636-45. 

 

43. Lopez EO, Ballard BD, Jan A. Cardiovascular disease. InStatPearls [Internet] 2021 Aug 

11. StatPearls Publishing. 

 

44. Chen HY, Li SC, Chen LF, Wang W, Wang Y, Yan XW. The effects of cigarette 

smoking and smoking cessation on high-density lipoprotein functions: implications for 

coronary artery disease. Annals of clinical biochemistry. 2019 Jan;56(1):100-11. 

 

45. Joshi H, Shah R, Prajapati J, Bhangdiya V, Shah J, Kandre Y, Shah K. Diagnostic 

accuracy of computed tomography angiography as compared to conventional 

angiography in patients undergoing noncoronary cardiac surgery. Heart Views: The 

Official Journal of the Gulf Heart Association. 2016 Jul;17(3):88. 

 

46. Mannan N, Basher MA, Mohammad J, Jahan MU, Momenuzzaman NA, Haque MA. 

Comparison of coronary CT angiography with conventional coronary angiography in 

the diagnosis of coronary artery disease. Bangladesh Medical Research Council 

Bulletin. 2014 Sep 5;40(1):31-5. 

 

47. Meinel FG, Schoepf UJ, Townsend JC, Flowers BA, Geyer LL, Ebersberger U, 

Krazinski AW, Kunz WG, Thierfelder KM, Baker DW, Khan AM. Diagnostic yield and 

accuracy of coronary CT angiography after abnormal nuclear myocardial perfusion 

imaging. Scientific Reports. 2018 Jun 15;8(1):1-0. 



 

 

20 

Kirkuk Journal of Medical Sciences - Volume 11/ Issue 1/ 2023 

48. Nielsen LH, Ortner N, Nørgaard BL, Achenbach S, Leipsic J, Abdulla J. The diagnostic 

accuracy and outcomes after coronary computed tomography angiography vs. 

conventional functional testing in patients with stable angina pectoris: a systematic 

review and meta-analysis. European Heart Journal–Cardiovascular Imaging. 2014 Sep 

1;15(9):961-71. 

 

49. Wu Z, He Y, Li W, Cheng S. Computed tomography coronary angiography vs. standard 

diagnostic procedure for the diagnosis of angina due to coronary heart disease: A 

cross-sectional study. Experimental and Therapeutic Medicine. 2019 Apr 1;17(4):2485-

94. 

 

50. Abd Ella TF, Elsayed EE, ELkersh AM, Moawad MM. Diagnostic accuracy of 

computed tomography angiography compared with catheter angiography in coronary 

artery disease. Menoufia Medical Journal. 2021 Jul 1;34(3):1034. 

 

51. Nikolaou K, Knez A, Rist C, Wintersperger BJ, Leber A, Johnson T, Reiser MF, Becker 

CR. Accuracy of 64-MDCT in the diagnosis of ischemic heart disease. American 

Journal of Roentgenology. 2006 Jul;187(1):111-7. 

 

52. Kerl JM, Schoepf UJ, Zwerner PL, Bauer RW, Abro JA, Thilo C, Vogl TJ, Herzog C. 

Accuracy of coronary artery stenosis detection with CT versus conventional coronary 

angiography compared with composite findings from both tests as an enhanced 

reference standard. European radiology. 2011 Sep;21(9):1895-903. 

 

53. Knaapen P. Computed tomography to replace invasive coronary angiography? Close, 

but not close enough. Circulation: Cardiovascular Imaging. 2019 Feb;12(2):e008710. 

 

54. Li F, He Q, LIXUE X, Zhou Y, Sun Y, Xu Y, et al. Diagnostic Accuracy of Subtraction 

Coronary CT Angiography in Patients with Severe Calcification: Comparison between 

Readers with Different Levels of Experience. Frontiers in Cardiovascular 

Medicine.2022:9;184. 


