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Abstract

The objective of this study was to examine the findings of com-
puted tomographic (CT) angiography in patients with aortic arch
anomalies in comparison with transthoracic echocardiography find-
ings who referred to a private imaging center in Tehran during
2009-2012. The cases included 203 patients with clinical symptoms
or echocardiogram of congenital heart disease to assess the presence
of aortic arch anomalies among patients referred to imaging center.
This study is a retrospective study based on the CT angiographic
findings in comparison with transthoracic echocardiography find-
ings of chest among patients with aortic arch anomalies. In this
study, 203 patients with congenital anomalies were enrolled in the
study, among those, 107 patients were men and 96 were female. The
most common anomaly of the aortic arch was found to be coarcta-
tion (19.7%), followed by right sided arch with mirror image
branching (19.2%). Furthermore, the most common cardiac anom-
alies associated with aortic arch anomalies were VSD, PA and PDA.
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The sensitivity and specificity of transthoracic echocardiography in
the diagnosis of aortic arch anomalies was 59% and 100% in com-
parison with CT angiography. In addition, the agreement between
the two methods (kappa) in the diagnosis of aortic arch anomalies
was 0.72. But, transthoracic echocardiography is the first diagnostic
method for patients with congenital heart disease. In some patients,
the ability of this method was limited to the detection of coronary
artery anomalies and thoracic vessels. Therefore, CT is used for
morphological evaluation of congenital heart disease (CHD) due to
its main advantages including fast acquisition time, large anatomi-
cal coverage, high speed, and great spatial resolution. Moreover, CT
is essential for proper evaluation of CHD regarding its high spatial
and temporal resolution.

Introduction

Congenital heart disease (CHDs) still imposes significant car-
diac problems in the children’s age group. Transthoracic echocar-
diography has been used to diagnose and follow up patients as pri-
mary non-invasive imaging devices [1]. CHD are commonly seen
in 1% of all live births, including acyanotic and cyanotic congen-
ital birth defects, depending on the presence or absence of
cyanosis in the physical assessment [2,3].

Transthoracic echocardiography is considered as the primary
imaging method for the evaluation and diagnosis of CHD, allow-
ing anatomic and functional evaluation. This operator-dependent
imaging method is restricted by an acoustic window with the ben-
efits of being able to provide noninvasive and portable technique
[3-5], and to be capable of providing high-resolution anatomical
and physiological data [4]. Nevertheless, this method has some
disadvantages as its definitions for the great arteries and intra car-
diac anomalies, pulmonary and coronary arteries are not consid-
ered to be accurate [6,7].

In the past, angiography has been the main modality for diag-
nosing CHD, and aortic disorders, but is now less likely to be used
due to some limitations including its requirement for general anes-
thesia, invasiveness, higher exposure of neonates to radiation and
iodinated contrast materials [3,8]. With technological advance-
ments, computed tomographic (CT) and MRI have taken into con-
sideration in this regard. In particular, CT is widely used in the
diagnosis of thoracic aortic diseases, especially its newer genera-
tions, including spiral CT angiography and Multi-detector com-
puted tomography (MDCT) [9,10]. Performing a simple CT scan
can be simply done for most patients, but for more information,
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CT is more helpful with the contrast agent. Additionally, dynamic
CT provides an opportunity for further evaluation of the blood
flow in the cardiovascular system [9]. MDCT is the current imag-
ing modality used to detect many cases in the thoracic aorta includ-
ing aortic aneurysm, aortic dissection, aortic intramural hematoma,
atherosclerotic plaques, Traumatic aortic injury (TAI) and congen-
ital malformations [11-13]. MDCT angiography has been devel-
oped to evaluate thoracic aortic abnormalities. This non-invasive
modality is capable of assessing vascular anomalies and the tra-
cheal and/or esophageal compression [14-16]. The main advan-
tages added by MDCT to diagnosis have been attributed to high
levels of anatomical coverage, high speed, great spatial resolution,
and its multi-planar reformatting as well as its 3D volume render-
ing to provide opportunity for solving pitfall associated with poor
temporal resolution in CT [7,17].

The great disadvantages of MDCT have been characterized by
contrast material requirement, absence of hemodynamic data and
ionizing radiation exposure, particularly in pediatrics [17-19].
MDCT angiography has been widely used in evaluating thoracic
aortic anomalies, where in was capable of replacing cardiac catheter-
ization in assessment of aortic diseases anomalies [14,20,21].

However, MDCT angiography need iodized contrast and higher
radiation exposure that can be considered as disadvantages of this
method [16]. The temporal resolution of cardiac CT angiography has
been defined to be less than echocardiography, but it has been still
considered as a combination of advantages such as fast acquisition
time, large anatomical coverage, high speed, great spatial resolution,
and 3D ability added to flexible ECG synchronization, leading to
increased quality of imaging and decreasing the risk of subjects [20].

Therefore, the aim of our study was to assess the role of CT
angiography to patients with aortic arch anomalies in comparison
with echocardiography findings in subjects referred to a private
imaging center in Tehran, Iran.

Materials and Methods

Ethics approval was obtained from the institutional review
board of Shahid Beheshti University of Medical Sciences accord-
ing to Helsinki declaration. Written informed consent was signed
by the parents at study entry.

In this retrospective study, 203 patients referred to Tooska
Imaging Center during 2009 and 2012 with clinical symptoms or
echocardiographic evidence of congenital heart disease was enrolled
to evaluate the presence of aortic arch anomalies. Furthermore, CT
angiography findings were evaluated in combination with chest
transthoracic echocardiography of patients with aortic arch anomalies.

In this study, the characteristics of individuals were recorded
based on a questionnaire according to the variables such as age, sex,
efc., and after examination, CT angiography findings were also
recorded by an experienced radiologist at the cardiac CT angiogra-
phy. Inclusion criteria included patients with clinical signs or
transthoracic echocardiography suggesting congenital heart disease.
Exclusion criteria was subjects having sensitivity to contrast agents
and poor renal function. Patients included in our study consisted of
107 males and 96 females with age ranging between 6-day and 10-
years-old.

To obtain CT images in all patients, the Light Speed QXI four-
row detector was used. The protocol for performing scans was as fol-
lows: in children under 7 years of age, anesthesia was performed, in
those over 7 years of age CT scan was performed without anesthesia.
Visipaque (2-2.5 cc/kg) as contrast agent was injected by Power
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Injector. The injection speed of the contrast material was proportion-
al to the length of the scan, between 1-3 cc/s.

The CT scan sections included the middle line of the neck to
the iliac crest. The maximum intensity projection (MIP), multipla-
nar reconstruction (MPR), and volume rendering (VR) images
were created from raw sections in the workstation 4.1. Scan condi-
tions include: I, Collimation (1.25 mm with 50% overlapping); ii,
Table speed (3.75 cm/s); Pitch (0.75).

Statistical analysis

Qualitative data were presented in the study as relative fre-
quencies (percentage). Statistical analysis conducted by using
SPSS 18.0 for windows (SPSS Inc., Chicago, IL, USA).

Results

In this study, 203 patients with congenital heart anomalies were
included. Of these, 107 (52.7%) were male and 96 (47.3%) were
female. The median age of the participants in the study was 24
months. Table 1 and Figure 1 show the congenital anomalies of the
aortic arch by CT angiography and transthoracic echocardiography
(TEC). The most common anomalies were coarctation of aorta
(COA) and right-sided aortic arch with mirror image branching.

In some patients, two or more simultaneous anomalies were diag-
nosed as following: Anomalies of coarctation along with ventricular
arrthythmias (VA) anomaly (4 cases), coarctation with tubular
hypoplasia (9 patients), coarctation with aberrant right subclavian
artery (ARSA), (4 patients), coarctation with hypoplastic arch, coarc-
tation with cervical arch (4 subjects), VA anomaly with ARSA (1
cases). VA anomaly with hypoplastic arch (1 subjects), VA anomaly
with right-sided aortic arch with mirror image branching (3 patients),
VA with cervical arch (3 cases), tubular hypoplasia with ARSA (2
patients), tubular hypoplasia with a cervical arch (1 case), aberrant
right subclavian artery (ARSA) with cervical arch (2 patients), ARSA
with right SCA (2 patients), ARSA with interruption (3 cases),
hypoplastic arch with interruption (1 cases), right-sided aortic arch
with mirror image branching with truncus arteriosus (1 patient), and
right sided left SCA with truncus arteriosus (1 case).

Among the enrolled patients, 69 (34%) were normal with CT
scan imaging, while 66 (32.5%) were normal by transthoracic
echocardiography imaging. Among patients with VA originating
from arch, 13 (6.6%) showed left VA originating from arch using
CT angiography, followed by right VA originating from arch right
sided (3 subjects, 1.5%). By using the transthoracic echocardiogra-
phy, this anomaly was not detected in any patients.

Among patients with interruption, 3 (1.5%) were found as type
A, 2 (1%) were type B and 3 were type C (1.5%) based on the CT
angiography, while echocardiographic imaging showed that one
patient had type B, and type C each. Among types B and C, 2 cases
of interruption were detected, but their type was not determined.

In the comparison of diagnostic value for congenital heart
anomalies of CT angiography and transthoracic echocardiography,
we found that 164 patients were negative with CT angiography and
TEC and 28 patients were found positive with CT angiography
compared with transthoracic echocardiography. In addition, 2
patients exhibited anomalies with CT angiography and TEC and 9
patients were positive with CT angiography and TEC.

The most common associated cardiac anomalies among
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patients with aortic arch anomalies were pulmonary atresia (PA), compared with CT angiography based on aortic arch anomalies: the
ventricular septal defect (VSD) and patent ductus arteriosus (PDA) sensitivity and specificity of transthoracic echocardiography were
anomalies (Table 2 and Figure 2). 59% and 100%, respectively, in the detection of aortic arch anom-

Sensitivity and specificity of transthoracic echocardiography alies. The agreement between two methods (Kappa coefficient) was
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Figure 2. Status of associated cardiac abnormalities in patients
with aortic arch anomalies. PA, pulmonary atresia; VSD, ventric-
ular septal defect; PDA, patent ductus arteriosus; ASD, atrial sep-
Figure 1. The prevalence of aortic arch anomalies using CT tal defect; TGA, transposition of the great arteries; DILV, double
angiography and echocardiography. VA, ventricular arrhythmias; inlet left ventricle; DORYV, double outlet right ventricle; AP, aor-
CT, computed tomographic; SCA, left subclavian artery. topulmonary.

Table 1. Congenital anomalies of the aortic arch by CT angiography and echocardiography.

Coarctation 40 (19.7%) 163 (80.3%) 36 (17.7%) 167 (82.3%)
VA originating from arch 16 (7.9%) 187 (91.1%) 0% 203 (100%)
Tubular hypoplasia 10 (4.9%) 193 (95%) 0% 203 (100%)
Aberrant right SCA 24 (11.8%) 179 (88.2%) 5 (2.5%) 197 (97.5%)
Hypoplastic arch 20 (9.9%) 183 (90.1%) 11 (5.4%) 192 (94.6%)
Right sided arch with mirror image branching 39 (19.2%) 164 (80.8%) 11 (5.4%) 192 (94.6%)
Interruption 8 (4%) 195 (96%) 6 (3%) 197 (97%)
Cervical arch 5 (2.5%) 198 (97.5%) 1 (0.5%) 202 (99.5%)
Bovine arch 2 (1%) 201 (99%) 0% 203 (100%)
Right sided arch with aberrant left SCA 10 (4.9%) 193 (95.1%) 6 (3%) 197 (97%)
Double aortic arch 1 (0.5%) 202 (99.5%) 0% 203 (100%)

CT, computed tomographic; VA, ventricular arrhythmia; SCA, left subclavian artery.

Table 2. Status of cardiac associated anomalies in patients with aortic arch anomalies.

Yes 118 (58.1%)  83(409%)  137T(675%) 33 (163%) 27 (13.3%) 4 (2%)
No 85 (41.9%) 20 (59.1%) 66 (325%) 170 (83.7%) 176 (86.7%) 199 (98%)
Yes 2 (1%) 7 (34%) 4 (2%) 1 (05%) 7 (34%) 2 (1%)
No 201 (99%) 196 (96%) 199 (98%)  202(995%) 196 (96.6%) 201 (99%)

PA, pulmonary atresia; VSD, ventricular septal defect; PDA, patent ductus arteriosus; ASD, atrial septal defect; TGA, transposition of the great arteries; DILV, double inlet left ventricle; DORV, double outlet right ventricle;
AP, aortopulmonary.
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0.72 for the diagnosis of aortic arch anomalies. Sensitivity and speci-
ficity of transthoracic echocardiography were calculated as 90% and
100% for coarctation detection. We found an agreement between the
two methods (Kappa coefficient: 0.93%).

The specificity of transthoracic echocardiography for the diagno-
sis of tubular hypoplasia was determined as 100%. The specificity of
transthoracic echocardiography for VA originating from arch anom-
aly was calculated as 100%, but its sensitivity was very low. In fact,
16 patients with this anomaly were diagnosed by CT angiography,
while they were negative by echocardiography. The sensitivity and
specificity of transthoracic echocardiography for the detection of
hypoplastic arch anomalies were 55% and 100%. The agreement
between the two methods for detecting this anomaly was 0.68 (Kappa
coefficient). The sensitivity of transthoracic echocardiography for the
detection of right-sided aortic arch with mirror image branching was
28.2% and its specificity was 100%. The agreement between the two
methods in detecting this anomaly was 0.38 (Kappa coefficient).
Sensitivity and specificity of transthoracic echocardiography were
75% and 100% for interruption, respectively. Sensitivity and speci-
ficity of the echocardiogram for the diagnosis of cervical arch anom-
aly were calculated to be 20% and 100%. We found an agreement
between both methods at level of 0.32 (Kappa coefficient).
Specificity of echocardiography for anomalies Bovine arch was
determined as 100%, but its sensitivity was not ascertainable, because
2 patients with this anomaly were diagnosed using CT angiography,
while echocardiography was not capable of detecting these patients
(Table 3). Sensitivity and specificity of transthoracic echocardiogra-
phy were 60% and 100%, respectively, for the detection of right sided
arch with aberrant left SCA. The agreement between the two methods
in detecting this anomaly was found to be 0.74 (Kappa coefficient).
Sensitivity and specificity of transthoracic echocardiography for the
detection of truncus arteriosus (TA) were 100% and 100%, respec-
tively. The agreement between the two methods was recorded to be 1
(Kappa coefficient). Aortic arch anomalies in different age groups:
the age of the subjects was classified into 3 groups, under 6 months,
7 to 24 months and more than 24 months.

Discussion

In the present study, we report the role of CT angiography in
comparison with transthoracic echocardiography in patients with

Table 3. Aortic arch anomalies in different age groups.
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aortic arch anomalies referred to a private imaging center in
Tehran, Iran.

The most common aortic arch anomalies and the most com-
monly associated cardiac anomalies were assessed. The most com-
mon anomalies of aortic arch were found to be coarctation
(19.7%), followed by right sided arch with mirror image branching
(19.2%). Furthermore, the most common associated cardiac anom-
alies among patients with aortic arch anomalies were PA, VSD and
PDA. Based on the data presented in the study, sensitivity and
specificity of transthoracic echocardiography findings were calcu-
lated. Coarctation of the aorta is a congenital heart disease impli-
cating a narrowing of the aorta, which is often shown an isolated
defect or in association whit different other lesions. Early diagno-
sis, information about the associated anomalies and the severity of
the disease are of great importance for providing therapeutic strate-
gies. In this regard, several non-invasive methods, such as
transthoracic echocardiography, CT and MRI are widely used.
Transthoracic echocardiography as an accessible and safe method
is commonly applied as a screening technique. This method is also
useful for intraoperative and hemodynamic studies, but CT is high-
ly recommended prior to any surgical or therapeutic approach. In a
study by Darabian et al., 2013 has been reported that cardiac CT
angiography revealed an excellent spatial resolution and a good
power for finding associated anomalies [22].

In our study, coarctation represents the most common aortic
arch anomaly accounting for 19.7% of our cases. Abbruzzese and
Aidala [23] indicated that the prevalence of aortic coarctation
among congenital heart disease was 6.5%. Aortic coarctation is
considered to be the most frequently observed congenital defect,
accounting for approximately 7% of all congenital cardiac lesions.
This anomaly consists of a focal stenosis that is mostly presented
at the aortic isthmus, nonetheless, can also be seen in tubular fash-
ion [23]. Intravascular stent therapy is recommended for patients
with coarctation of the aorta [24,25].

Mirror-image branching of the arch vessels is considered to be
the most frequent kind of right aortic arch, which is associated with
CHD in nearly 95% of cases. As seen in our study, most of the
patients with the right aortic arch pattern are in childhood. Based
on the previous findings, around 25% of individuals with tetralogy
of Fallot and 25-50% of subjects with truncus arteriosus exhibit a
right aortic arch along with mirror-image branching [26]. In our
study, the most common associated cardiac anomalies were PA
(98.7 %), followed by VSD (87.2%), and PDA (28.2%).

Coarctation 23.1% 23% 53.9%
VA originating from arch 31.3% 25% 43.9%
Tubular hypoplasia 40% 40% 20%
Aberrant right SCA 41.7% 33.3% 25%
Hypoplastic arch 42.1% 26.4% 31.6%
Right sided arch with mirror image branching 17.9% 30.8% 51.3%
Interruption 50% 25% 25%
Cervical arch 0% 20% 80%
Bovine arch 0% 100% 0%

Right sided arch with aberrant left SCA 10% 40% 50%

VA, ventricular arrhythmia; SCA, left subclavian artery.
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The utility of 16-slice MDCT angiography to characterize the
anatomic properties of aberrant subclavian arteries has been
described in 17 patients [16]. In this study 11 subjects showed
aberrant right subclavian artery from the left aortic arch, 6 an
aberrant left subclavian artery from the right aortic arch (6 sub-
jects), Kommerell’s diverticulum in 3 subjects with an aberrant
right subclavian artery and in 5 subjects with an aberrant left sub-
clavian artery, esophageal compression in 8 cases, aneurysm in 2
patients and tracheal compression in one child, [16]. In addition,
aberrant subclavian artery was correlated with complex CHD (1
subjects), intracardiac defects in two subjects, patent ductus arte-
riosus in 2 subjects, coarctation in 2 subjects, and aberrant verte-
bral artery in 1 case.

In our study, 4 patients had both coarctation and aberrant right
subclavian artery. The aberrant left subclavian artery results from
the interruption between the left carotid artery and the left subcla-
vian artery in creating a double aortic arc. The left-sided aortic arch
in combination with right subclavian artery is the most common
aortic arch anomaly, accounting for an incidence of 0.5 to 2%.
Usually the right subclavian artery is separately created, but some-
times accompanied by other cardiovascular anomalies [16].
Aberrant subclavian artery usually accompanies aortic coarctation
(4 cases in our study), patent ductus arteriosus (10 cases in our
study), and intracardiac defect. In our study, the most common car-
diac anomalies with aberrant right subclavian artery were PA
(54.2%), PDA (41.7%) and VSD (62.5%). In addition, based on the
data presented herein, an aberrant right subclavian artery with
tubular hypoplasia was found in one patient, an aberrant right SCA
with cervical arch in 2 patients and aberrant right subclavian arter-
ies with interruption in 3 cases.

MDCT angiography is considered as a valid and non-invasive
technique due to its advantages such as fast acquisition time, great
spatial resolution and wide availability. Therefore, it is the main
imaging method to evaluate vascular and thoracic anomalies.
Therefore, the identification of the aberrant right subclavian arter-
ies is of clinical significance because it is are associated with tra-
cheoesophageal compression, aneurysm, ruptured aneurysm, and
other anomalies. CT angiography is able to illustrate the anatomi-
cal details of the vascular structures, and the relationship between
them and adjacent organs. This is the most important advantage of
CT angiography in comparison with other imaging modalities in
the evaluation of the right subclavian artery [14-16]. Right-sided
arch with aberrant left SCA is the most common right-sided aortic
arch in adults, with left SCA originating from the last vessel of the
arch and crossing the mediastinum from right to left. The incidence
of congenital heart anomalies is considered to be low, as our find-
ings revealed, with most patients showing tetralogy of Fallot.
Sometimes the origin of the aberrant left subclavian arteries is the
diverticulum of Kommerel; most patients with this anomaly are
usually asymptomatic, indicating that the vascular ring is com-
pletely loose [26]. In our study, the accompanying anomalies are
PA and VSD.

Hypoplasia of the aortic arch is associated with other types of
obstruction or aortic flow limitation, mainly coarctation. Other
congenital heart anomalies, such as ASD, VSD and PDA, are asso-
ciated with this anomaly [21]. In our study, tubular hypoplasia with
PDA was seen in 6 cases. Double aortic arch is the most common
type of vascular ring and is not usually accompanied with other
heart anomalies [9,27,28]. In our study, we had a case with double
aortic arch that did not show any other cardiac anomalies.

Interrupted aortic arch (IAA) is a type of aortic coarctation
characterized by the discontinuity of the aortic arch between the
ascending and descending aorta. The IAA is classified based on the
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location of the interruption, being type A in around 42% of infants,
type B in 53% of patients (most common type), type C, the least
common type, in 5% [29,30]. In our study, 3 cases were found as
type A (37.5%), followed by type B (2 cases; 25%) and type C (3
cases; 37.5%). Additionally, the most common cardiovascular
anomalies included PDA and VSD, which was in agreement with
Kimura-Hayama et al. [21].

MDCT angiography is widely used to diagnose aortic interrup-
tion. Three-dimensional measurements of MDCT well show the
origin of large arteries and collateral vessels. MDCT angiography
may be used as post-surgical follow-up examination or preopera-
tive care [30]. Our findings demonstrated that the sensitivity and
specificity of transthoracic echocardiography for the detection of
interruption were 75% and 100%, in comparison CT angiography.

Truncus arteriosus is considered a rare form of congenital heart
defect, accounting for 1.7-4.6% of all CHD. Furthermore, 12% of
patients with TA show a number of anomalies such as associated
underdevelopment of the aortic arch as in IAA, severe hypoplasia
of arch, aortic atresia, and/or coarctation, often associated to a
PDA [31]. In our study, two patients with TA were found, one of
them with PA and VSD. One of these 2 cases showed a right-sided
arch with mirror image branching with TA, and the other a right-
sided left SCA. Regarding our findings, the sensitivity and speci-
ficity of transthoracic echocardiography was 100% and 100%.
Diagnostic sensitivity (27.8%), specificity (97.6%) and accuracy
of Doppler-echocardiography (76.7%) were determined as report-
ed by Yang et al. [32].

The aortic arch anomalies are sometimes very complex and may
be associated to venous and to tracheal abnormalities. In these con-
ditions, the determination of morphology and association of aortic
arch abnormalities can be very difficult by applied two-dimensional
angiographic images or cross-sectional imaging of CT or MRI. CT
angiography is the most useful imaging modality capable of demon-
strating the morphological anatomy of vascular structures and their
relationship with adjacent organs, and of showing normal and patho-
logic morphologic characteristics of cardiovascular structures [33].
This ability is the greatest advantage of CT angiography in evaluat-
ing congenital anomalies. In addition, 3D images are considered to
be very useful for surgical decision making.

Transthoracic echocardiography is the first diagnostic method
for patients with congenital heart disease, but in some patients the
ability of this method can be limited for detecting anomalies of the
aortic arch and thoracic vessels. It may also be used to evaluate
descending aorta, abnormal vascular anatomy and aortic coarcta-
tion. MRI, despite anatomical coverage and the capability of func-
tional evaluation, has limited applicability in patients who do not
cooperate. MRI studies are time-consuming and require patient
relief [34-37]. The bolus tracking CT technique, on the other hand,
has enhanced the role of MDCT for coarctation detection [15]. In
our study, the sensitivity and specificity of the transthoracic
echocardiography for coarctation detection was 90% and 100%,
respectively. The agreement of two methods in quark detection
was 0.93 (Kappa coefficient). This finding suggests that transtho-
racic echocardiography can be successful as CT scan angiography
in diagnosing aortic coarctation.

In conclusion, transthoracic echocardiography missed the
diagnosis of some cases, with particular limitations in the detection
of coronary artery anomalies and thoracic vessels. Therefore, CT
has many advantages over echocardiogram, such as fast acquisi-
tion time, large anatomical coverage, high speed, great spatial res-
olution, resulting in higher quality of imaging.

Based on our findings, the greatest value of CT angiography
lies in the detection of aortic arch anomalies. Using CT angiogra-
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phy together with transthoracic echocardiography can be useful in
improving the diagnostic accuracy.
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