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Abstract  

Background: In patients with aortic coarctation, it is  
important for preoperative detection of associated cardiac  
anomalies. MDCT and echocardiography are currently the  
most reliable methods of diagnosis.  

Aim of Study: To evaluate the role of multidetector com-
puted tomography (MDCT) angiography in assessment of  
associated cardiac anomalies in cases of aortic coarctation as  
compared to echocardiography.  

Patients and Methods:  Sixty patients that were known to  
have aortic coarctation underwent MDCT for assessment of  

associated cardiac anomalies. MDCT angiography findings  
were compared with both Doppler echocardiography and  
surgical results.  

Results:  There was a 30% agreement between the findings  
of MDCT angiography and echocardiography in detection of  

extracardiac vascular anomalies and a 68% agreement in  
detection of intracardiac anomalies.  

Conclusion:  Considering MDCT angiography the modality  
of choice in detection of extracardiac vascular anomalies  
showing higher sensitivity (100%) while the echocardiography  
is of choice in detection of intracardiac anomalies with 100%  
sensitivity.  

Key Words: Aortic coarctation (CoA) – Congenital heart  
diseases (CHD) – Patent ductus arteriosus (PDA)  
– Left superior vena cava (LSVC).  

Introduction  

COARCTATION  of the aorta is a congenital  
malformation and typically a disease of childhood  

and early adulthood [1] .  
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CoA is classified as “simple” when isolated  
and “complex” when associated with additional  
cardiac anomalies, typically involving the left side  
of the heart. The defects most commonly seen with  
coarctation are bicuspid aortic valve and ventricular  
septal defect. Coarctation may also be seen as a  
part of more complex single ventricle heart defects  
[2,3] .  

MDCT with multiplanar and three dimensional  

techniques is the non-invasive method of choice  
for assessing the associated cardiovascular abnor-
malities. It is important to have accurate information  
to decide surgical or interventional repair [5,6] .  

Patients and Methods  

A prospective study was performed 60 patients  
(36 males and 24 females) with male to female  
ratio: 60% to 40%. The age of the patients ranged  
from 0.3 to 204 months with mean age 13.9 ±45.9.  
They were diagnosed to have aortic coarctation.  

Patients were referred to Tanta University Hospital  

from pediatric cardiology and cardio-thoracic de-
partments during the period from March 2017 to  
March 2018 in order to undergo cardiac MDCT.  
They all underwent Doppler echocardiography.  
Ethics committee approval and informed consent  
were obtained.  

Inclusion criteria:  
Patients clinically suspected or echocardiogra-

phy diagnosed to have aortic coarctation.  

Exclusion criteria:  
• Patient who is clinically unstable to withstand  

the duration of CT examination.  
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• Patient with history of allergy to intravenous  

contrast media that will be used.  

• Patient who has impaired renal function (Creati-
nine level ≥ 1.5mg/dl).  

• Patients with bad general condition needing life  
support.  

MSCT were performed using (Aquilion One,  
Toshiba Medical Systems, Otawara, Japan) 320- 
slices spiral CT scanner.  

Patients below 4 years or who are uncooperative  

were orally sedated by administration of chloral  

hydrate (50-100mg/kg; maximum dose, 2000mg)  

or I.V. administrated phenobarbital sodium (6mg/  
kg; maximum dose 200mg). Older children were  
responding satisfactorily to verbal reassurance and  
be able to completely suspend respiration.  

All patients underwent cardiac CT angiography  

(CCTA) with the patient in supine position. Data  
acquisition was retrospectively ECG triggered. A  

scanogram was obtained and scan range from the  

root of the neck including the proximal aspect of  

common carotid and subclavian arteries down to  
the level of portal vein inferiorly.  

Contrast medium administration:  

Suitable size IV line cannula was inserted in  
right antecubital fossa then intravenous injection  

of omnipaque 350mg Iodine/ml (Iohexol, GE health  
care Ireland, Cork, Ireland) was used. The volume  

of contrast injected is weight based 2mL/kg with  

dilution of contrast material by normal saline  

1 ml/kg (2:1 ratio of contrast material and normal  

saline solution) using automatic injector (Stellant  
D, Medrad, Indianola, PA, USA) at rate of 1.0ml/s  
for younger children to 3.0ml/s for older children.  

Manual Bolus tracking was applied 10 to 15  

seconds after contrast injection (for upper limb  

venous line) and after 20 seconds (for lower limb  

venous line), the scan is initiated after opacification  
of both ventricles.  

CT angiography was interpreted on dedicated  

workstations. Maximum intensity projections  
(MIP), three dimensional volume rendering (VR),  

multiplanar (MPR) and curved planer reformations  

(CPR) were used to display heart malformations.  

Surgery was performed in all  60  patients. MSCT  
results were compared with both Doppler echocar-
diography and surgical results.  

Statistical analysis:  
Statistical analysis of the present study was  

conducted by SPSS V.20. Qualitative data was  
presented using number and percentage. Quantative  

data presented as mean and standard deviation  
(SD).  

For categorical variables, Chi-square test was  

used for analysis The level of significance was  

adopted at p<0.05.  

Pearson statistical correlation between CoA  
diameter/AAD (Aorta at diaphragm diameter) and  

various patient's parameters was also done.  

1-Mean value:  The sum of all observations divided  
by the number of observations.  

∑X  
X = ––––  

N  

Where ∑  = Sum & n = Number of observations.  

2- Standard Deviation (SD):  It measures the degree  
of scatter individual varieties around their mean.  

SD = 
∑  (x – x)

2 
 

N – 1  

Results  

In our study we enrolled 60 patients (36 males  

and 24 females) with male to female ratio: 60% to  

40%. The age of the patients ranged from 0.3 to  

204 months with mean age 13.9 ±45.9. The weight  
of the patients ranges from 3 to 65Kg with mean  

weight 7.6± 13.8.  

In our results, the most common congenital  
intra cardiac anomalies detected in patients with  
aortic coarctation was atrial and ventricular septal  

defects (39 cases). 12 cases (20%) had atrial septal  

defect, 6 cases (10%) had ventricular septal defect  

and 21 cases (35%) had both atrial and ventricular  

septal defects. 6 out of 33 cases with ASD were  

missed by MDCT but diagnosed by Doppler  
echocardiography. All cases of VSD were correctly  
diagnosed by both MSCT angiography and Doppler  

echocardiography with 100% sensitivity. Two case  
with subvalvular aortic membrane were also cor-
rectly diagnosed by both MDCT and echocardiog-
raphy. The overall sensitivity of MDCT for the  

assessment of intra cardiac anomalies was (68%)  
which was lower than that of Doppler echocardi-
ography (100%) (Table 1). Chi square test revealed  

non-statistically significant difference between  
Echo and CT in detection of intra-cardiac defects  

(p=0.6).  
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Table (1): Comparison between detection of associated int-
racardiac anomalies by MSCT and Echo.  

Associated intra-
cardiac anomalies  

MSCT  Echo  
χ2 

 
p 

 No.  %  No.  %  

None  19  31.7  13  21.7  2.325  0.676  
ASD  12  20.0  18  30.0  
VSD  6  10.0  6  10.0  
ASD, VSD  21  35.0  21  35.0  
Subvalvular aortic  

membrane  
2  3.3  2  3.3  

χ
2

: Chi square test.  
p : p-value for comparing between the studied groups.  

The most common congenital extra cardiac  
vascular anomalies detected in patients with aortic  
coarctation was PDA (17 cases) (28%) followed  
by persistent left superior vena cava (7 cases)  
(11.7%), vertebral artery arising directly from the  

aortic arch (4 cases) (6.7%), persistent left superior  
vena cava together with aberrant right subclavian  
artery (3 cases) (5%), anomalous origin of the left  
coronary artery (2case) (3.3%). All cases of patent  
ductus arteriosus were correctly diagnosed by both  
MSCT angiography and Doppler echocardiography  
with 100% sensitivity. Echocardiography missed  
the diagnosis of all other extracardiac vascular  

anomalies that were correctly diagnosed by MSCT.  

The overall sensitivity of MSCT for the assessment  
of extracardiac vascular anomalies was (100%)  
which was higher than that of Doppler echocardi-
ography (30%) (Table 2). Chi square test revealed  
statistically significant difference between Echo  
and CT in detection of extra-cardiac anomalies  
(p=0.018).  

Table (2): Comparison between detection of associated extra- 
cardiac anomalies by MSCT and Echo.  

Associated extra-
cardiac anomalies  

MSCT  Echo  
χ 2 

 

MCp  

No.  %  No.  %  

None  27  45.0  42  70.0  18.535*  <0.001 *  
PDA  17  28.3  18  30.0  
Persistent LSVC  7  11.7  0  0.0  
Vertebral artery  

from arch  
4  6.7  0  0.0  

Aberrant RT SCA  
and persistent LT  

3  5.0  0  0.0  

SVC  
Anomalous origin  

of the left coro-
nary artery  

2  3.3  0  0.0  

χ
2

: Chi square test. MC: Monte Carlo.  
p : p-value for comparing between the studied groups.  
* : Statistically significant at p≤0.05.  

Illustrated cases:  

Fig. (1): Male patient aged 4 years presented with dyspnea and palpitation. (A) CPR image  
showing focal aortic coarctation opposite the origin of the aberrant right subclavian artery. (B)  
CPR image showing subvalvular aortic membrane. (C) Axil MSCT image showing trileaflet  

aortic valve. (D) Axil MSCT image showing persistent left superior vena cava.  
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Fig. (2): Male patient aged 3 months presented with dyspnea and murmur. (A) CPR image  

showing VSD, (B) CPR image showing PFO, (C&D) CPR with MIP and 3D images showing long  

segment aortic arch coarctation distal to the origin of the left subclavian artery with PDA.  

Fig. (3): Female patient aged 20 days presented with murmur. (A) CPR image with MIP showing mild focal aortic coarctation  

distal to the origin of the left subclavian artery with post stenotic dilation, PDA. (B) CPR image showing patent foramen ovale.  

(C) Volume rendering MSCT image showing mild focal aortic coarctation distal to the origin of the left subclavian artery, PDA.  

Discussion  

MDCT with multiplanar and three-dimensional  

techniques provide morphologic images of coarc-
tation of the aorta and associated congenital cardiac  

anomalies [5,6] .  

In our study, 60 patients (36 males and 24  
females) with an age range between 9 days to 17  
years were included (mean age 13.9 ±45.9 months).  
All patients included in this study were initially  
examined by echocardiography then by MSCT  
followed by surgical repair.  
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In the present study, we found that the most  

common intra cardiac anomalies associated with  

aortic coarctation was septal defects (65%), and  

this agreed with the study of Hu et al., [5]  in which  
septal defects were detected in (75%) and Türkvatan  

et al., [7]  who reported that the highest incidence  
(25%) was with septal defects.  

In our work, all cases of VSD and the 2 cases  

of subvalvular aortic membrane were diagnosed  

by both MSCTA and echocardiography while 6  
out of 33 cases with ASD were missed by MDCT  
but diagnosed by Doppler echocardiography, which  
are confirmed by surgery. In the current study, the  

sensitivity of MSCT diagnosis of intra cardiac  

anomalies was 68%, which was lower than that of  
echocardiography (100%). This was in line with  
Hu et al., [5]  who stated that the overall sensitivity  

of MDCT for the assessment of intracardiac mal-
formations (91.7%) which was lower than that of  

the echocardiography (100%) and Türkvatan et al.,  

[7]  who also reported that MDCT missed the diag-
nosis of one case of VSD making the overall sen-
sitivity of MDCT in assessment of intracardiac  
malformations (83.3%) which was lower than that  
of the echocardiography (100%).  

In the present study, we found that the most  

common extra cardiac vascular anomalies associ-
ated with aortic coarctation was PDA (17 cases)  

(28%), and this agreed with the study of Hu et al.,  

[5]  in which PDA was detected in (37%) while  
Türkvatan et al., [7]  reported that the highest inci-
dence (20%) was with PDA.  

All cases of PDA in our work were diagnosed  
by both MSCTA and echocardiography, all other  

extracardiac anomalies was only diagnosed by  
MSCT and were missed by echocardiography which  

are confirmed by surgery, this was in agreement  
with Hu et al., [5]  who reported similar results. In  
the current study, the sensitivity of MSCT diagnosis  
of extracardiac anomalies was 100%, which was  

higher than that of echocardiography (30%). This  

was also in line with Hu et al., [5]  and Türkvatan  
et al., [7] .  

From this study we agreed with Goo et al., [8]  
who concluded that although echocardiography is  
the method of choice for diagnosing the vast ma-
jority of congenital cardiac abnormalities, CT plays  

an increasing complementary role by providing  
objective and accurate morphologic and functional  

information and is useful for detecting extracardiac  

abnormalities thus helping in pre-operative planning  

and post-operative assessment of congenital heart  
disease patients.  

Conclusion:  
MDCT angiography the modality of choice in  

detection of extracardiac vascular anomalies while  
the echocardiography is of choice in detection of  

intracardiac anomalies.  
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