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The diagnostic value of three-dimensional CT angiography
for patients with acute coronary artery disease
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Abstract. Computed tomography angiography (CTA) is an
efficient method for the diagnosis of heart disease. However,
few contemporary studies have evaluated the prognostic value
of three-dimensional (3D)-CTA for patients with acute coronary
artery disease. The aim of the present study was to investigate
the diagnostic value of 3D-CTA for patients with acute coronary
artery disease. A total of 136 patients with suspected acute coro-
nary artery disease were recruited and received conventional
coronary angiography (CCA) and 3D-CTA. 3D-CTA was used
to assess calcified plaques in the coronary arteries (CCTA), the
ratio of calcified plaque volume to vessel circumference (RVTC)
and diagnostic accuracy. The results revealed that 3D-CTA was
a more effective diagnostic method for identifying calcified
plaques in patients with acute coronary artery disease compared
with CCA. 3D-CTA demonstrated a significantly better area
under curve, sensitivity, specificity, positive predictive value and
negative predictive value compared with CCA (P<0.01). In the
present study, 3D-CTA was used to successfully diagnose 86
patients with acute coronary artery disease, 34 with myocardial
infarction and 16 with stable angina. 3D-CTA images clearly
showed global noise levels and target-to-background ratios
determined by manually delineated coronary plaque lesions
compared with CCA. Furthermore, 3D-CTA was significantly
better for discriminating ischemia compared with CCA (P<0.01).
In conclusion, the results of the present study suggest that
3D-CTA provides superior diagnostic performance compared
with CCA alone in patients with acute coronary artery disease.

Introduction

Coronary artery disease (CAD) is one of the most common
complicated cardiovascular diseases and may be caused by
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atherosclerosis, vascular cavity stenosis and/or occlusion (1-3). It
has previously been reported that acute CAD may contribute to
the pathogenesis of occlusive thrombosis (4-6). Notably, multi-
factorial microvascular dysfunction in patients with acute CAD
may result in blunted responses to adenosine and false-negative
readings for fractional flow reserve (7). It is therefore important
to develop more accurate diagnostic methods to confirm whether
patients have CAD. In recent years, a number of diagnostic
methods have been developed for coronary atherosclerotic heart
diseases (8-10). Notably, cardiac computed tomography (CT)
was reported to be more efficient compared with electrocardio-
gram and intravascular ultrasound in the diagnosis of coronary
atherosclerotic heart diseases (11).

Currently, three-dimensional CT angiography (3D-CTA)
is widely used to diagnose human tumors, heart diseases and
other pathologic changes (12-15). It has been reported that
3D-CTA is an effective technique for imaging microvascular
anatomy (16). 3D-CTA is able to identify vascular injuries to
increase the diagnostic accuracy and improve treatment (17).
Furthermore, 3D-CTA is essential for preoperative planning
to decide on the best surgical approach to treat arteriovenous
malformations (18). 3D-CTA diagnosis has been used as an
initial screening tool in lieu of digital subtraction angiog-
raphy to rule out vascular diseases in idiopathic spontaneous
subarachnoid hemorrhage (19). Furthermore, a randomized
controlled trial demonstrated that 3D-CTA is advantageous
compared with conventional coronary angiography (CCA)
when performing laparoscopic colorectal resection for patient's
mesenteric vascular anatomy (20). However, the efficacy of
3D-CTA as a diagnostic tool for CAD remains to be elucidated.

The aim of the present study was to investigate the diag-
nostic efficacy of 3D-CTA and coronary CTA (CCTA), as well
as the accuracy of CCTA in measuring calcifying plaques and
the ratio of calcified plaque volume to vessel circumference
(RVTC) in 136 patients with suspicious with acute CAD. The
results demonstrated that 3D-CTA has a superior diagnostic
performance compared with CCA in patients with acute CAD.

Materials and methods

Study population. A total of 136 patients with suspected acute
CAD were recruited from the Affiliated Hospital of Changchun
University of Chinese Medicine (Changchun, China) between
February 2014 and May 2015 and all patients underwent
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CCA and 3D-CTA (Discovery CT750 HD; GE Healthcare
Life Sciences, Little Chalfont, UK) between May 2013 and
October 2016. The exclusion criteria included renal insuf-
ficiency (serum creatinine level, >1.5 mg/dl), diabetes mellitus
and a history of allergic reaction to contrast medium. The
Ethical Committee of the Affiliated Hospital of Changchun
University of Chinese Medicine approved this prospective
study. Written informed consent was obtained from all the
patients.

CCA. All patients were diagnosed using CCA. Calcified
plaques were analyzed using quantitative CAA (AXIOM
Artis dB; Siemens AG, Munich, Germany) (21). CCA was
performed in all evaluable coronary segments to identify
coronary stenosis and plaques by an experienced cardiologist,
who was blinded to the conditions of the present study. The
severity of stenosis was defined when lesions of the coronary
artery were =50% in diameter.

3D-CTA analysis. 3D-CTA was performed to evaluate the
lesions as previously described (22). All images were acquired
using an MDCT scanner (Philips Healthcare, Amsterdam,
The Netherlands) with 16 detectors and a tiltable gantry.
The parameters negative predictive value (NPV), positive
predictive value (PPV), CCTA and RVTC were recorded and
analyzed using a dedicated cardiac workstation (TeraRecon
GmbH, Frankfurt, Germany). The lesions were analyzed on
an OsiriX workstation (OsiriX Imaging Software 2.0; Pixmeo
SARL, Bernex, Switzerland) and target-to-background ratio
(TBR) was defined as the ratio of maximum activity values
in the manually defined lesion to the mean background value.
The plaque was confirmed by obvious presence of plaque or
napkin ring signs and spotty calcium.

Statistical analysis. All statistical analyses were performed
using SPSS 19.0 (IBM Corp., Armonk,NY,USA). Comparisons
between groups were made using one-way analysis of vari-
ance for continuous variables followed by Tukey's post hoc
test. Categorical variables were analyzed using Fisher's exact
test and the sensitivity, specificity, NPV and PPV values were
analyzed using exact binomial confidence intervals. For the
CCTA assessment, the test was considered positive if =50%
stenosis or plaque was identified. RVTC was analyzed using
the receiver operating characteristics curve and the area under
curve (AUC) was compared between groups using the DeL.ong
algorithm. P<0.05 was considered to indicate a statistically
significant difference.

Results

Patient characteristics. A total of 136 patients with suspected
acute CAD were recruited and diagnosed using 3D-CTA
and CCA. Patients' baseline characteristics are summarized
in Table I. No significant differences were observed in baseline
demographics or risk factors for male and female patients. All
patients underwent both 3D-CTA and CCA diagnosis.

Analysis of the calcified plague and RVTC. The calcified
plaques and RVTC were investigated in the present study. The
results revealed that 3D-CTA was able to identify calcified

LI et al: DIAGNOSTIC VALUE OF 3D-CTA FOR PATIENTS WITH ACUTE CORONARY ARTERY DISEASE

Table I. Baseline patient characteristics.

Male
(n=80)

Female

Characteristic (n=56)

Mean age (years) 534+133 56.0£94

Cardiovascular risk factors (%)

Hypertension 13 (16.25) 5(8.93)
Dyslipidemia 10 (12.5) 6(10.71)
Former or current smoker, n (%) 22 (27.5) 3(5.36)
Family history of premature coronary 14 (17.5) 7 (12.5)
artery disease, n (%)
Acute coronary syndrome, n (%)
Myocardial infarction 10 (12.5) 5(8.93)
Unstable angina pectoris 8(10.0) 5(8.93)

Table II. Diagnostic accuracy of 3D-CTA and CCA for patients
with coronary artery disease.

Variable CCA 3D-CTA  P-value
Area under curve 78.8 97.2 0.0385
Positive predictive value (%) 71.2 94.3 0.0263
Negative predictive value (%) 70.8 403 0.00170
Specificity (%) 823 94.8 0.0478

3D-CTA, three dimensional computed tomography angiography;
conventional coronary angiography.

plaques more clearly in patients with acute CAD compared
with CCA (Fig. 1A and B). The calculated RVTC was higher
using 3D-CTA compared with CCA for types III and IV
(P<0.05; Fig. 1C). These results suggest that 3D-CTA is an
effective method for identifying calcified plaques and RVTC
in patients with acute CAD.

3D-CTA for identifying risk events in patients with acute CAD.
The efficacy of 3D-CTA for identifying risk events (TBR and
ischemia) was evaluated in patients with acute CAD. The
results indicate that 3D-CTA diagnosis significantly improved
the AUC, specificity, PPV and NPV compared with CCA
diagnosis (P<0.05; Table II). Global noise levels and TBR
were significantly decreased using 3D-CTA compared with
CCA (P<0.05; Fig. 2A and B). It was also demonstrated that
ischemia may be more easily discriminated using 3D-CTA
compared with CCA (Fig. 2C). These outcomes indicate that
3D-CTA could efficiently evaluate the risk events for patients
with acute CAD.

3D-CTA for the diagnosis of patients with acute CAD. The
accuracy of 3D-CTA as a diagnostic tool for patients with
acute CAD was investigated. 3D-CTA was used to success-
fully diagnose 86 patients with acute CAD, 34 patients with
myocardial infarction and 16 patients with stable angina. CCA
successfully diagnosed 72 patients with acute CAD, 26 with
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Figure 1. Analysis of calcified plaques in patients with acute coronary artery disease using (A) CCA and (B) 3D-CTA. (C) RVTC in patients with acute
coronary artery disease. Magnification, x40. “P<0.05 vs. CCA. CCA, conventional coronary angiography; 3D-CTA, three-dimensional computed tomography
angiography; RVTC, calcified plaque volume to vessel circumference.
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Figure 2. Efficacy of 3D-CTA for evaluating risk events in patients with acute coronary artery disease. (A) Global noise levels, (B) TBR and (C) discrimination
of ischemia in patients with acute coronary artery disease. ‘P<0.05 vs. CCA. CCA, conventional coronary angiography; 3D-CTA, three-dimensional computed
tomography angiography; TBR, target-to-background ratio.

myocardial infarction and 8 with stable angina (Table III). As  diagnosis of acute CAD compared with CCA in the present
such, 3D-CTA had a significantly higher sensitivity for the study (P<0.01; Fig. 3). Taken together, these results suggest
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Table III. Diagnostic outcomes between 3D-CTA and CCA for
patients with acute coronary artery disease.

Disease CCA 3D-CTA  P-value
Acute coronary artery disease 72 86 0.0372
Myocardial infarction 26 34 0.0460
Stable angina 8 16 0.0174
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Figure 3. Diagnostic accuracy of 3D-CTA for patients with acute coronary
artery disease. “P<0.01 vs. CCA. CCA, conventional coronary angiography;
3D-CTA, three-dimensional computed tomography angiography.

that 3D-CTA may be used in place of CCA to improve the
diagnostic accuracy for patients with acute CAD.

Discussion

Currently, acute CAD has high mortality and is associated with
metabolic disorders of myocardial cells (23). Early diagnosis of
acute CAD is important to improve treatment (24). It has been
reported that 3D-CTA is a useful tool for aiding doctors in
recognizing the morphology of coronary arteries and plaques
in patients with CAD (25). In the present study, the diagnostic
efficacy of 3D-CTA for acute CAD was assessed, using CCA
diagnosis as a control. The results revealed that 3D-CTA had a
significantly greater diagnostic accuracy than CCA for patients
with acute CAD.

Visualization techniques utilizing multislice CT-coronary
angiography of the heart are beneficial for identifying correla-
tions between axial, multiplanar, 3D and virtual endoscopic
imaging (26). In the present study, 3D-CTA data was used
to diagnose 86 patients with acute CAD, 34 with myocardial
infarction and 16 with stable angina with significantly greater
accuracy than CCA. 3D-CTA also presented a direct role
during the surgery for patients with CAD (20). The results
demonstrate that 3D-CTA is able to accurately identify the
calcified plaque and RVTC for patients with acute CAD, which
may be an efficient method for the diagnosis of acute CAD
patients.

Acute coronary syndrome is a kind of cardiovascular
disease caused by the rupture of coronary atherosclerosis
plaques (27). It has previously been reported that 3D-CTA
produces high quality 3D cardiac images that can be used to
predict the contrast injection rate for patients with congenital
heart disease (28). It the present study it was revealed that the
diagnostic accuracy and specificity of 3D-CTA is significantly
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higher for acute CAD patients compared with CCA. 3D-CTA
clearly identified global noise levels, TBR and ischemia in
patients with acute CAD. Notably, 3D-CTA had a greater
diagnostic sensitivity for acute CAD compared with CCA.
However, further research should be conducted to authenti-
cate the diagnostic efficacy of 3D-CTA for patients with acute
CAD. Additionally, receiver operator characteristic curves
should be plotted to compare the sensitivity and specificity of
CCA and 3D-CTA using a larger sample size of patients with
suspected acute CAD.

In summary, 3D-CTA may be used to clinically diagnosis
patients with acute CAD. 3D-CTA may improve the overall
diagnostic accuracy and contribute to treatment for acute patients
with CAD, However, further studies should be performed to
confirm this.
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