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	 Summary
	 Background:	 Cardiac dual-source computed tomography (DSCT) is primarily used for coronary arteries. There 

are limited studies about the application of DSCT for congenital heart diseases. The aim of this 
study was to determine the diagnostic value of DSCT in the cardiac anomalies.

	 Material/Methods:	 The images of DSCTs and conventional angiographies of 36 patients (21 male; mean age: 8.5 month) 
with congenital heart diseases were reviewed and the parameters of diagnostic value of these 
methods were compared. Cardiac surgery was the gold standard.

	 Results:	 A total of 105 cardiac anomalies were diagnosed at surgery. Sensitivity, specificity, positive 
predictive value, negative predictive value, and accuracy of DSCT were 98.25%, 97.9%, 98.1%, 
99.07%, and 98.2%, respectively. The corresponding values of angiography were 95.04%, 98.7%, 
97.8%, 98.1%, and 98%, respectively. Only one atrial septal defect (ASD) and two patent ductus 
arteriosus (PDA) were missed by DSCT. Angiography missed two ASD and two PDA. DSCT also 
provided important additional findings (n=35) about the intrathoracic or intraabdominal organs.

	 Conclusions:	 DSCT is a highly accurate diagnostic modality for congenital heart diseases, obviating the need for 
invasive modalities. Beside its noninvasive nature, the advantage of DSCT over the angiography 
is its ability to provide detailed anatomical information about the heart, vessels, lungs and 
intraabdominal organs.
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Background

Dual-source computed tomography (DSCT) is an advanced 
imaging method which provides more detailed images 
than single-source multi-slice CT and also entails radia-
tion exposure lower than conventional angiography [1,2]. 
Although cardiac DSCT (DSCT angiography) is mainly used 
for coronary evaluation and when applied for that purpose, 
it shows high diagnostic accuracy [1,3,4], it also visualizes 
nonvascular structures of the heart such as cardiac walls, 
septa, and valves [1,5,6]. Using DSCT, Cheng et al. detect-
ed 146 separate cardiovascular deformities in 35 patients; 

DSCT missed only three atrial septal defects and one patent 
ductus arteriosus [5].

There is limited experience with application of DSCT for 
cardiac diseases. The aim of this study was to evaluate the 
diagnostic value of DSCT in congenital heart diseases (CHD) 
and to compare it with angiography.

Material and Methods

This study included 36 patients (21 male; mean age: 8.5 
month) with CHD who underwent surgery (30 open and 
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6 closed cardiac surgeries; 9 cases of two or more surger-
ies in different ages). Non-ECG-gated DSCT (256-slice, 
SOMATOM Definition Flash, Siemens Medical Solutions, 
Germany) and conventional angiography (HICOR System, 
Siemens, Germany) were carried out for all patients. DSCTs 
and angiographies were clinically indicated and the authors 
did not play any role in requesting images; all patients 
were referred to our imaging center by pediatric cardiolo-
gists or cardiosurgeons. Written consent was obtained from 
the parents of all subjects.

In the 256-slice dual-source scanner the tube effective 
current was 45 to 95 mAs, depending on patients’ weight 
and the tube voltage was set at 90–120 kV, depending on 
patients’ body mass index. Tube rotation time and table feed 
were 350 ms and 30 mm/rotation, respectively. Two mL/kg 
of non-ionic contrast medium (Iopromide, 370 mg iodine 
per mL, Ultravist 370, Schering, Berlin, Germany), followed 
by the same amount of saline flush, was injected at a mean 
flow rate of 3 mL/s. Images were reconstructed with a slice 
thickness of 0.75 mm and an interval of 0.4 mm.

Conventional cardiac angiography was performed based on 
the standard Seldinger’s technique by femoral approach.

All DSCT images were interpreted by two experienced 
radiologists with substantial interobserver agreement; 
kappa=0.79. Angiographies were interpreted by two expe-
rienced cardiologists with substantial interobserver agree-
ment; kappa=0.75. Parameters of diagnostic value (sensi-
tivity, specificity, positive predictive value [PPV], negative 
predictive value [NPV] and diagnostic accuracy) of DSCT 
were determined and compared with those of conventional 
angiography. Surgery was considered as a gold standard.

Statistical analysis was performed by means of SPSS ver-
sion 17.0 (SPSS, Inc., Chicago, IL). A P-value of less than 
0.05 was considered significant.

Results

A total of 105 separate cardiac anomalies were diagnosed 
with surgery in 36 patients. Most patients had complex 

Cardiac anomalies Total number Detected by DSCT Detected by angiography P value

VSD 	 19	 (18.1%) 	 19	 (100.0%) 	 19	 (100.0%) >0.05

ASD 	 16	 (15.2%) 	 15	 (93.75%) 	 14	 (87.5%) >0.05

PDA 	 11	 (10.5%) 	 9	 (74.3%) 	 9	 (74.3%) >0.05

Pulmonary atresia 	 11	 (10.5%) 	 11	 (100.0%) 	 11	 (100.0%) >0.05

TGA 	 7	 (6.7%) 	 7	 (100.0%) 	 7	 (100.0%) >0.05

Coarctation of the aorta 	 6	 (5.7%) 	 6	 (100.0%) 	 6	 (100.0%) >0.05

PAH 	 6	 (5.7%) 	 6	 (100.0%) 	 6	 (100.0%) >0.05

Pulmonary stenosis 	 5	 (4.8%) 	 5	 (100.0%) 	 5	 (100.0%) >0.05

Rt. aortic arc 	 4	 (3.8%) 	 4	 (100.0%) 	 4	 (100.0%) >0.05

TAPVC 	 4	 (3.8%) 	 4	 (100.0%) 	 4	 (100.0%) >0.05

Dextrocardia 	 3	 (2.9%) 	 3	 (100.0%) 	 3	 (100.0%) >0.05

DORV 	 3	 (2.9%) 	 3	 (100.0%) 	 3	 (100.0%) >0.05

Aortic stenosis 	 2	 (1.9%) 	 2	 (100.0%) 	 2	 (100.0%) >0.05

CAVSD 	 2	 (1.9%) 	 2	 (100.0%) 	 2	 (100.0%) >0.05

Mitral stenosis 	 1	 (1.9%) 	 1	 (100.0%) 	 1	 (100.0%) >0.05

Double SVC 	 1	 (1.9%) 	 1	 (100.0%) 	 1	 (100.0%) >0.05

Interrupted aortic arc 	 1	 (1.9%) 	 1	 (100.0%) 	 1	 (100.0%) >0.05

Mitral atresia 	 1	 (0.95%) 	 1	 (100.0%) 	 1	 (100.0%) >0.05

Rt. ventricle hypoplasia 	 1	 (0.95%) 	 1	 (100.0%) 	 1	 (100.0%) >0.05

Lt. ventricle hypoplasia 	 1	 (0.95%) 	 1	 (100.0%) 	 1	 (100.0%) >0.05

Total 	 105	 (100.00%) 	 102	 (97.14%) 	 101	 (96.19) >0.05

Table 1. Comparison of detection rate of DSCT and conventional angiography in congenital heart diseases.

VSD – ventricular septal defect; ASD – atrial septal defect; PDA – patent ductus arteriosus; TGA – transposition of great vessels, PAH – pulmonary 
arterial hypertension; DORV – double outlet of right ventricle; TAPVC – total anomalous pulmonary vein connections; CAVSD – complete A-V septal 
defects.
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cardiac anomalies. However, we described all detected 
anomalies individually, irrespective of the name of spe-
cial complex anomalies. A comparison of detection rates of 
DSCT and angiography for all cardiac anomalies were sum-
marized in Table 1 and some examples of anomalies detect-
ed by DSCT were shown in Figures 1–4.

Diagnostic accuracy of DSCT (98.2%) was similar to that 
of angiography (98%). DSCT missed only one atrial septal 
defect (ASD) and two PDAs (patent ductus arteriosus); all of 

them were also missed in angiography due to a very small 
size. Angiography missed another PDA as well.

Sensitivity, specificity, positive predictive value [PPV], neg-
ative predictive value [NPV] of DSCT were 98.25%, 97.9%, 
98.1%, and 99.07%, respectively. The corresponding values 
for angiography were 95.04%, 98.7%, 97.8%, and 98.1%, 
respectively. There was no statistically significant differ-
ence between the two methods.

Figure 1. �Sagittal reconstructed (A) and volume 
rendering (B) dual source CT images of 
a 15-day girl with a large PDA and PAH. 
(PDA: patent ductus arteriosus; PAH: 
pulmonary arterial hypertension).

A B

Figure 3. �Axial and coronal reconstructed views of 
complete transposition of great vessels 
(D-TGV).

A B

Figure 2. �Multiplanar sagittal (A) and axial (B, C) images of dual source CT in a 2-month-old boy with cyanosis show restrictive VSD, rudimentary 
RV, functionally single ventricle, severe CoA, small PDA and PAH. (VSD – ventricular septal defect; RV – right ventricle; CoA – coarctation 
of the aorta; PDA – patent ductus arteriosus; PAH – pulmonary arterial hypertension).

A B C
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Moreover, there was no statistically significant difference 
between DSCT and angiography in the detection of extra-
cardiac vascular anomalies (including right aortic arch, 
trancus arteriosus, TAPVC, left or double SVC and coarcta-
tion of the aorta).

DSCT detected 8 cases of coronary anomalies and all of 
them were confirmed by surgery and angiography. There 
was no correlation between the coronary anomalies and 
congenital heart disease.

Coronary anomalies were as follows:
1.	�Origin of the right coronary artery (RCA) from the left 

main coronary artery (LCA).
2.	�Origin of the RCA from the LCA and origin of the left 

anterior descending artery (LAD) from the distal LCA.
3.	�LCA arising from the posterior noncoronary sinus; origin 

of the left circumflex artery (LCX) from the RCA; dila-
tation of the proximal RCA and abnormal course of the 
RCA.

4.	Single coronary artery.
5.	LCA arising from the noncoronary sinus.
6.	RCA arising from the LAD; prepulmonary course of the 
LAD and retroaortic course of the LCX.
7.	Origin of the RCA from noncoronary sinus.
8.	Origin of the LAD from the RCA.

Another important finding in this study was detection of 
35 separate noncardiac abnormalities in the thoracic or 
abdominal organs including pulmonary opacity or con-
solidation (n=8), situs inversus/ambiguus (n=4), asplenia 
(n=3), vertebral anomalies (n=3), collateral vessels from 
the aorta or bronchial arteries (n=3), hepatomegaly (n=3), 
pleural effusion (n=2), pericardial effusion (n=2), pulmo-
nary collapse/atelectasis (n=2), aberrant right subclavian 

artery (n=2), abdominal mass suggestive of neuroblasto-
ma (n=1), pneumothorax (n=1), and aortic wall hematoma 
(n=1).

Discussion

This study demonstrated that DSCT has high diagnostic accu-
racy similar to angiography. Moreover, there were no statisti-
cally significant differences between these methods in sensi-
tivity, specificity, PPV, and NPV. These findings are similar to 
those of Cheng et al. study; they detected 146 separate cardi-
ovascular deformities in 35 patients by low-dose prospective 
ECG-triggering DSCT [5]. In our study, the gold standard was 
surgery and we showed that the accuracy of DSCT is similar 
to that of angiography, while Cheng et al. considered either 
surgery or angiography as the gold standard.

DSCT missed only one ASD and two PDA. None of those 
anomalies were isolated and all 3 patients had a complex 
cardiac disease with other anomalies being diagnosed with 
DSCT. Similarly, Cheng et al. demonstrated that DSCT 
missed three ASD and one PDA [5].

Studying 50 patients with CHD, Jie et al. compared DSCT 
with TTE considering angiography or surgery as the 
gold standard. A total of 107 anomalies were detected. 
Diagnostic accuracy of DSCT was 95.33%. Diagnostic rate 
of DSCT did not differ from TTE for intracardiac anoma-
lies (96.67% vs. 93.33%); while the diagnostic rate of DSCT 
for extracardiac anomalies (96.1%) was significantly higher 
than that of TTE (87.01%)[6]. In our study, there were no 
statistically significant differences between DSCT and angi-
ography in detecting cardiovascular anomalies. Sensitivity, 
specificity, PPV, NPV and accuracy of DSCT for coronary 
anomalies were all 100%. Yang et al. in a study of 46 

Figure 4. �Multiplanar axial (A), coronal (B), 
sagittal (C), and volume rendered (D) 
images of a 4-day-old boy with CAVSD, 
dextrocardia, interrupted aortic arc type 
a, double SVC (CAVSD: complete A-V 
septal defects; RSVC & LSVC: right and 
left SVC).

A

C

B

D
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patients with coronary disease demonstrated that sensitiv-
ity, specificity, PPV and NPV of DSCT were 100%, 98%, 99%, 
and 100%, respectively [7]. The value of cardiac CT in diag-
nosing coronary and great vessel anomalies was confirmed 
by other studies [8–10]. Because of higher temporal and 
spatial resolution of cardiac DSCT, it is clearly logical that 
application of DSCT can yield better outcomes.

Clinical experience on DSCT in the diagnostics of cardiac 
anomalies is limited. However, several studies on multide-
tector CT revealed that this method has high diagnostic accu-
racy, i.e. of up to 98% [11–13]. With regard to better quality 
of DSCT images, it is easily expectable that DSCT will have 
at least similar accuracy for cardiac abnormalities [14].

An important advantage of DSCT over angiography is 
the fact that DSCT can visualize detailed structures of 

noncardiac organs within the thorax or abdomen and is 
able to detect underlying diseases which sometimes can 
affect the surgical plan or patient’s outcome [15]. In this 
study, DSCT detected 35 separate intrathoracic or intraab-
dominal conditions that were mostly undetected by 
angiography.

Conclusions

DSCT is a noninvasive and highly accurate diagnostic 
modality for congenital heart diseases. Application of dual-
source CT may obviate the need for invasive intracardiac 
diagnostic modalities. Apart from its noninvasiveness, 
other advantages of DSCT over angiography include easy 
and fast performance, and ability to provide detailed ana-
tomical information about the heart, vessels, lungs and 
intraabdominal organs.
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