https://doi.org/10.33805/2639.6807.116
Volume 3 Issue 1 | PDF 116 | Pages 6

Clinical Cardiology and
Cardiovascular Medicine
Research Article

ISSN 2639-6807

CT Coronary Angiography versus Coronary Angiography to Detect
Specificity and Sensitivity of CT Coronary
Sheref M Zaghloul1, Walid Hassan1*, Ashraf M Reda2, Ghada M Sultan2,
Mohamed A Salah1, Hassan O Balubid1, Safia Inamurrahim1, Khalid
Tammam1, Ahmad Zaatar1, Mohammed S Gassar2
Affiliation
1

Department of Cardiovascular Disease, International Medical center, Jeddah, Saudi Arabia
Department of Cardiology, Faculty of Medicine-Menofia University, Egypt
*Corresponding author: Hassan W, Professor of Medicine and Senior Consultant, Director of the Cardiac Center of Excellence, Jeddah
21451, Saudi Arabia, Fax: + 966-12-650-9789, Tel: +966-12-650-9000, E-mail: whassan@imc.med.sa
Citation: Zaghloul SM, Hassan W, Reda AM, Sultan GM, Salah MA, et al. CT Coronary Angiography versus Coronary Angiography to
Detect Specificity and Sensitivity of CT Coronary (2019) Clinical Cardiol Cardiovascular Med 3: 1-6
Received: Dec 25, 2018
Accepted: Jan 06, 2019
Published: Jan 31, 2019
Copyright:© 2019 Zaghloul SM, et al, This is an open-access article distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
2

Abstract
Background: Various diagnostic tests including conventional invasive coronary angiography and non-invasive Computed Tomography (CT)
coronary angiography are used in the diagnosis of Coronary Artery Disease (CAD). Objective: The present report aims to evaluate the specificity
and sensitivity of CT coronary angiography in diagnosis of coronary artery disease compared to the standard invasive coronary angiography.
Methods: A retrospective study was done over 2 years started from May of 2015 up to May of 2017. The medical evaluation was based on
systematic reviews of diagnostic studies with invasive coronary angiography and those with CT coronary angiogram. Data on special indications
(bypass grafts, in-stent-restenosis) were also included in the evaluation. The CT scanners used with 320 slices. The study included patients with
diabetes, hypertension, and data included age, glomerular filtration rate and ejection fraction. Results: Of the 99 patients included in the study,
sensitivity of the total lesions were 87.1% which was highest for the graft lesions (100% sensitivity) and lowest for the Left Main (LM) lesions
(83.3% sensitivity), on the other hand the specificity of the total lesion were high (98.1% specificity) which also was highest for the graft lesions
(100% specificity) and lowest for the Left Anterior Descending (LAD) lesions (95% specificity). Regarding accuracy, CT coronary was 96 .6%
accurate for the whole lesions. Conclusions: From a medical point of view, CT coronary angiography using scanners with at least 320 slices
should be recommended as a test to rule in obstructive coronary stenosis in order to avoid inappropriate invasive coronary angiography in patients
with an intermediate pretest probability of CAD. Multi detector CT (MDCT) has reasonably high accuracy for detecting significant obstructive
CAD when assessed at artery level.
Keywords: CT Coronary angiography, Computed tomography, Coronary artery disease, Multi detector CT.

Introduction
With the ongoing evolution of ever faster and more sophisticated
multi–detector row Computed Tomography (CT) technologies, CT of
the heart has evolved into an examination that is applied to a broad
variety of clinical situations [1]. With the advantage of the latest
iterations of multi-detector CT technology, both the temporal
resolution and the spatial resolution of coronary CT angiography
(hereafter CT Angiography) have improved to a point where the
threshold for routine noninvasive assessment of the coronary arteries
for atherosclerotic disease may have been crossed [2].
Imaging of the heart has always been technically challenging because
of the continuous cardiac motion.
The development of
Electrocardiographically (ECG) synchronized Multi-Detector CT
(MDCT) scanning and reconstruction techniques have yielded fast

volume coverage and high spatial and temporal resolution for
successful cardiac imaging [3-6].
The exceedingly powerful technology that enables one to perform CT
angiography, however, transcends routine CT applications and thus
needs to be used in a manner that facilitates optimized results with the
lowest degree of invasiveness for the patient [4].
Patients who may benefit from CT angiography for cardiac evaluations
can be classified under several broad categories. These include;
screening of asymptomatic patients, examination of symptomatic
patients, and specialized applications [5].
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The discriminatory power of CT coronary angiography to identify
patients with obstructive (above 50 %) coronary stenosis should be
regarded as "high diagnostic evidence", to identify patients without
coronary stenosis as "persuasive diagnostic evidence". The
discriminatory power of both types of coronary angiography to identify
patients with or without functionally relevant coronary stenosis should
be regarded as "weak diagnostic evidence" [3-6].

Results
Of the 99 patients, 80 were male and 19 were female, 70 patients were
hypertensive, 57 diabetic, 77 dyslipidaemic and 34 were smokers
(Table 1, Figures 1-3).

It can be assumed that patients with a high pretest probability of CAD
will need invasive coronary angiography and patients with a low
pretest probability of CAD will not need subsequent revascularization.
Therefore, CT coronary angiography may be used according to the
pretest probability of CAD, for identifying or excluding obstructive
coronary stenosis [7-11].
CT coronary angiography was shown to be more cost-saving at a
pretest probability of CAD of 50 % or lower and invasive coronary
angiography at a pretest probability of CAD of 70 % or higher stenosis
[10-14]. The use of both types of coronary angiography to identify or
to exclude functionally relevant coronary stenosis should be regarded
as highly cost- consuming with regard to ethical, social or legal
aspects, the following possible implications were identified: underprovision or over-provision of health care, unnecessary complications,
anxiety, social stigmatization, restriction of self- determination, and
unequal access to health care [4-10].
Figure 1: Age distribution.

Methods
This single center retrospective study was done at the international
medical center in Jeddah Saudi Arabia over 2 years started from May
of 2015 up to May of 2017. Patients referred for invasive coronary
angiogram after already had CT coronary angiogram. The medical
evaluation was based on systematic reviews of all diagnostic studies
with invasive coronary angiography and those with CT coronary
angiogram. Data on special indications (bypass graft, in-stentrestenosis) were also included in the evaluation. CT scanners used
with at least 320 slices.
Inclusion data:
1.
Diabetic or not
2.
Hypertensive or not
3.
Smoker or not
4.
Ejection Fraction
5.
Serum creatinine and GFR
In the study we included 99 patients who underwent CT coronary
angiogram, which was positive for any coronary artery disease
followed by invasive coronary angiogram, some of these patients had
normal CT coronary angiogram with ongoing chest pain, which needed
evaluation by invasive coronary angiogram, so we considered those
patients as our control group.

Figure 2: Gender distribution.

Results were analyzed using the simple sensitivity and specificity
methods with positive and negative predictive value. During statistical
analysis, Left main (LM) was divided to proximal and distal segment,
Left Anterior Descending (LAD) was divided to proximal, mid and
distal together with diagonal branches, Left Circumflex (LCX) was
divided to proximal and distal segment together with the obtuse
marginal branches and finally Right Coronary Artery (RCA) was
divided to proximal mid and distal segments as well as bypass grafts.
We had analyzed more than 1205 segments of the 99 patients, which
gave us more accurate assessment and results as compared to the
previous major studies.
Figure 3: Risk factors.
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Demographic data
All patients
Count (%)
99 (100%)
Age (years)
Mean ± SD
57.98 ± 10.217
Median (Range)
58 (39 – 84)
Gender
Male
80 (80.8%)
Female
19 (19.2%)
Risk factors
HTN
70 (70.7%)
DM
57 (57.6%)
Smoking
34 (34.3%)
Dyslipidemia
77 (77.8%)
Table 1: Baseline demographic data.
Figure 4: Left anterior descending (LAD) artery.
Among the total lesion, sensitivity was 87.1%, specificity was 98.1%,
positive predictive value was 88.2 %, negative predictive value was
98.8% and accuracy 96.5% (Table 2 and 3). 198 different LM
segments were included in this study which had the lowest sensitivity
(83%) and specificity of 100% (Table 4 and 5).
CT coronary angiography
Positive
Negative
149
20
Positive
22
1014
Negative
Table 2: Concordance between invasive CA and CTCA in the total
lesions.
Sensitivity
(%)

Specificity
(%)

87.10%

98.10%

Positive
Predictive
Value (%)
88.20%

Negative
Predictive
Value (%)
98.80%

Accuracy
(%)
96.50%

Table 3: Assessment of CTCA total diagnostic performance.

Total 396 LAD was divided to proximal, mid and distal segments in
addition to the diagonal branch. The LAD had good sensitivity of 89.2
% and specificity of 95% with a positive predictive value of 80.5%,
negative predictive value of 97.5% and 93.9% accuracy (Figure 5,
Table 8 and 9).
CT coronary angiography
Positive
Negative
66
16
Positive
8
306
Negative
Table 8: Concordance between invasive CA and CTCA regarding the
LAD lesions.
Sensitivity
(%)

Specificity
(%)

Positive
Negative
Accuracy
Predictive
Predictive
(%)
Value (%)
Value (%)
89.2%
95%
80.5%
97.5%
93.9%
Table 9: Assessment of CTCA LAD lesions diagnostic performance.

Invasive coronary angiography
Positive Negative
Positive
5
0
Negative
1
192
Table 4: Concordance between invasive CA and CTCA regarding the
LM lesions.

CTcoronary angiography

Sensitivity
(%)

Specificity
(%)

Positive
Negative
Accuracy
Predictive
Predictive
(%)
Value (%)
Value (%)
83.30%
100%
100%
99.50%
99.50%
Table 5: Assessment of CTCA LM lesions diagnostic performance.

17 different graft segments were included in this study which had the
highest sensitivity and specificity of almost 100% (Figure 4, Table 6
and 7).
CT coronary angiography
Positive
Negative
5
0
Positive
0
1014
Negative
Table 6: Concordance between invasive CA and CTCA regarding the
Grafts lesions.
Sensitivity
(%)

Specificity
(%)

Positive
Negative
Accuracy
Predictive
Predictive
(%)
Value (%)
Value (%)
100%
100%
100%
100%
100%
Table 7: Assessment of CTCA grafts lesions diagnostic performance.

Figure 5: Right internal mammary artery (RIMA) graft evaluation.
The LCX was divided to proximal and distal segment together with the
OM branch. LCX had good sensitivity of 84.2% and very good
specificity of 99.6% with a positive predictive value of 97% and
negative predictive value of 97.7% and 97.6% accuracy (Table 10 and
11).

Citation: Zaghloul SM, Hassan W, Reda AM, Sultan GM, Salah MA, et al. CT Coronary Angiography versus
Coronary Angiography to Detect Specificity and Sensitivity of CT Coronary (2019) Clinical Cardiol
Cardiovascular Med 3: 1-6
3

Zaghloul SM, et al. Clinical Cardiology and Cardiovascular, 2019 PDF: 116, 3:1

CT coronary angiography
Positive
Negative
32
1
Positive
6
258
Negative
Table 10: Concordance between invasive CA and CTCA regarding the
LCX lesions.
Sensitivity
(%)

Specificity
(%)

Positive
Negative
Accuracy
Predictive
Predictive
(%)
Value (%)
Value (%)
84.2%
99.6%
97%
97.7%
97.6%
Table 11: Assessment of CTCA LCX lesions diagnostic performance.
The RCA was divided to proximal and distal segments together with
the PDA branch. RCA had good sensitivity of 85.4% and very good
specificity of 98.8% with a positive predictive value of 93.2% and
negative predictive value of 97.2% and 96.6% accuracy (Table 12 and
13).
CT coronary angiography
Positive
Negative
41
3
Positive
7
246
Negative
Table 12: Concordance between invasive CA and CTCA regarding the
RCA lesions.
Sensitivity
(%)

Specificity
(%)

Positive
Negative
Accuracy
Predictive
Predictive
(%)
Value (%)
Value (%)
85.4%
98.8%
93.2%
97.2%
96.6%
Table 13: Assessment of CTCA RCA lesions diagnostic performance.
19 patients had normal or non-obstructive coronary artery disease in
the CT but due to ongoing chest pain and presence of risk factors we
did invasive coronary angiogram to all 19 patients and all revealed the
same results.
6 patients had high calcium score in the CT coronary, 4 of them had
multi vessel disease in the invasive coronary angiogram and 2 had
moderate CAD for medical management.

Discussion
Currently, 320-slice CT represents the recent technological
developments in imaging coronary artery disease with good results
achieved. Expansion of multislice CT systems from a 64-slice to 320slice system has allowed for the accurate assessment of stenosis
severity and atherosclerotic plaque composition, or even the acquisition
of whole-heart coverage in one gantry rotation [11-26]. Two recently
reported systematic reviews and meta-analyses further confirmed the
high diagnostic accuracy of 320-slice CCTA [26,27] (Table 14).
The diagnostic sensitivity was similar to that reported in the 64-slice
CCTA, but the specificity was higher in 320-slice CCTA than in 64slice CCTA studies, indicating the high value of 320-slice CCTA for
excluding coronary artery stenosis [19,25,26,28]. However, it has to be
recognized that diagnostic performance of 320-slice CCTA is similar to
that of 64- and 128-slice for the determination of ≥50% coronary artery
Stenosis due to its limited temporal resolution, despite improved
extended z-axis coverage [28].

Total
lesions
LM
lesions
LAD
lesions
LCX
lesions
RCA
lesions
Grafts
lesions

Sensitivity
(%)

Specificity
(%)

Negative
Predictive
Value (%)
98.80%

Accuracy
(%)

98.10%

Positive
Predictive
Value (%)
88.20%

87.10%
83.30%

100%

100%

99.50%

99.50%

89.20%

95%

80.50%

97.50%

93.90%

84.20%

99.60%

97%

97.70%

97.60%

84.20%

98.80%

93.20%

97.20%

96.60%

100%

100%

100%

100%

100%

96.50%

Table 14: Summary of CTCA diagnostic performance regarding
coronary lesions.
Coronary CT angiography has developed as reliable less-invasive
imaging modality in the diagnosis of coronary artery disease.
Tremendous progress has been made over the last decades in the
technological improvements in cardiac CT imaging, thus enabling
coronary CT angiography to become a potential alternative to invasive
coronary angiography in selected patients [17,18]. 320-slice MDCT
has a high discriminative power to detect obstructive coronary artery
diseases in comparison with invasive coronary angiography as revealed
in our finding. To be a clinically useful tool for the diagnosis of
patients with suspected CAD, complete visualization of all therapeutic
relevant coronary arteries without excluding segments is necessary
[19,20]. In the present study, we evaluated all arteries being >1.5 mm
in diameter, thereby finding a sensitivity and specificity of 87.1% and
98.1% was expected.
Similar to our study Niemann et al reported a sensitivity of 81%, a
specificity of 97%, a positive predictive value of 81% and a negative
predictive value of 97% for detection of stenoses >50% in 35 patients
[2]. Achenbach et al. found a sensitivity of 91% and a specificity of
84% in 64 patients [29]. Several other studies have compared the
degree of stenosis detected by quantitative coronary angiography with
that detected by 16- or 64- slice CT [30-33]. The overall correlation
between 64 slice MDCT and invasive coronary angiography varies in
different studies and appears to be moderate, even for selected
segments with high image quality [30,31].
The sensitivities of 64-slice MDCT for the detection of stenosis of less
than 50%, stenosis of greater than 50%, and stenosis of greater than
75% have been reported to be 79%, 73%, and 80%, respectively, and
the specificity has been reported to be 97% by Leber et al [32].
Some recent studies have reported excellent diagnostic accuracy for
64-slice MDCT in the detection of significant stenosis in smaller
coronary artery segments and side branches as well (86%–94%
sensitivity and 93%-97% specificity) [30,32,33] (Table 15). In our
study we evaluated small coronary vessels like obtuse marginal vessels
and diagonal branches for stenosis. Our results to detect stenosis
among these small vessels were also comparable with Raff et al
findings [30]. Our study documents an excellent ability of 320 slice
MDCT to rule out functionally relevant CAD as indicated by the high
NPV. The high negative predictive values of 98.8% suggests an
important future role of CT coronary angiography for reliably
excluding CAD in patients with an equivocal clinical presentation, who
may currently undergo a cost-extensive invasive coronary angiography.
Our study result of high NPV was also comparable with some other
studies [30-33]. On the other side an abnormal 64-320-slice CTA is a
moderate predictor of functionally relevant coronary stenosis
(PPV=88.2%). Patients with positive CT angiogram should be
scrutinized and might not need to go for further evaluation including
invasive CA.
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Type of CT scan

First author

No. of articles in the
analysis

64-slice coronary CT angiography

Abdulla et al, 2007 (14)

27 studies

97.50%

91%

64-slice coronary CT angiography

Stein et al, 2008 (15)

23 studies

98%

88%

64-slice coronary CT angiography

Mowatt et al, 2008 (16)

28 studies

99%

89%

64-slice coronary CT angiography

Sun et al, 2008 (12)(13)(26)

15 studies

97%

88%

64-slice coronary CT angiography

Guo et al, 2011 (22)

24 studies

98%

64-slice coronary CT angiography

Salavati et al, 2012 (23)

25 studies

99%

89%

320-slice coronary CT angiography

Gaudio et al, 2013 (25)

7 studies

95.40%

94.70%

320-slice coronary CT angiography
Prospectively ECG- triggered
coronary CT angiography

Von Ballmoos et al,2011 (24)

16 studies

100%

89%

Sabarudin et al, 2013 (21)

23 studies

98.30%

90.5

Sensitivity

specificity

87%

Table 15: Diagnostic value of coronary CT angiography in coronary artery disease according to systematic reviews and meta-analyses.
8.

Conclusion
From a medical point of view, CT coronary angiography using
scanners with at least 320 slices should be recommended as a test to
rule in obstructive coronary stenosis in order to avoid inappropriate
invasive coronary angiography in patients with an intermediate pretest
probability of CHD. Multi detector CT (MDCT) has reasonably high
accuracy for detecting significant obstructive CAD when assessed at
artery level.
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