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ABSTRACT

There is a wide spectrum of congenital anomalies or variations of the aortic arch, ranging
from non-symptomatic variations that are mostly detected incidentally to clinically
symptomatic variations that cause severe respiratory distress or esophageal compression.
Some of these may be accompanied by other congenital heart diseases or chromosomal
anomalies. The widespread use of multidetector computed tomography (CT) in clinical
practice has resulted in incidental detection of several variations of the aortic arch in
adults. Thus, radiologists and clinicians should be aware of the classification of aortic

arch anomalies and carefully look for imaging features associated with a high risk of
clinical symptoms. Understanding the embryological development of the aortic arch

aids in the classification of various subtypes of aortic arch anomalies and variants. For
accurate diagnosis and precise evaluation of aortic arch anomalies, cross-sectional imaging
modalities, such as multidetector CT or magnetic resonance imaging, play an important
role by providing three-dimensional reconstructed images. In this review, we describe the
embryological development of the thoracic aorta and discuss variations and anomalies of the
aortic arch along with their clinical implications.

Keywords: Multidetector computed tomography; Aorta; Congenital abnormalities;
Technology

INTRODUCTION

Congenital anomalies and variants of the aortic arch encompass a wide range of aortic

arch malformations that result from interrupted embryogenesis of the branchial arches.V
Advances in imaging modalities and increased use of cross-sectional imaging, including
multidetector computed tomography (CT) and magnetic resonance imaging (MRI), have
resulted in frequent incidental detection of these malformations. From a clinical perspective,
aortic arch anomalies can be present without definite symptoms or may be accompanied by
various symptoms, including difficulty breathing or swallowing.? Additionally, association
of arch anomalies with congenital heart disease and chromosomal/genetic abnormalities
must be considered. Imaging studies are critical for detection and diagnosis of these
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Intersegmental artery

anomalies.” Various modalities can be used for detailed evaluation of the anatomy of the
aortic arch and the hemodynamics of the arch vessels, which is necessary for planning
surgery or endovascular intervention. In this article, we review the classification of aortic
arch anomalies with a focus on embryologic development and clinical features.

EMBRYOLOGY AND ANATOMY OF THE AORTIC ARCH

Understanding the normal development of the aortic arch is essential to understand
and classify the various subtypes of aortic arch anomalies and variants. Two distinct
developmental models can explain the development of the great vessel system.

Rathke diagram

The development of the great vessel system starts at around 3 weeks of gestation and is
mostly completed by 8 weeks of gestation in humans. The great vessel system, including the
aortic arch, arises from six pairs of pharyngeal arch arteries, each connecting the dorsal and
ventral primitive aortae. These primitive arches appear individually, regress, and eventually
remodel and transform into portions of the great vessel system, including the aortic arch,
arch branches, ductus arteriosus, and proximal segments of the pulmonary arteries. This
embryologic model was originally proposed in the classic Rathke diagram (Figure 1).”

The primitive first and second arches regress first and the remnant portions become the
maxillary, hyoid, and stapedial arteries. The primitive fifth aortic arch usually regresses;
however, it may rarely persist as a double barrel aorta.” After regression of some arches, the
remnant third, fourth, and sixth primitive arch give rise to mature great vessels. The third
arch becomes the common carotid and proximal internal carotid arteries, while the fourth
arch forms the definitive adult aortic arch. The primitive sixth arch persists as a segment of
the pulmonary arteries and ductus arteriosus.”

RECA LECA LICA

RICA
{

Dorsal aortae -/

Figure 1. (A) Schematic representation of Rathke’s diagram. Six paired branchial arches (numbered 1to 6) connect the paired ventral aortae (arrowheads) and
dorsal aortae (curved arrows). A pair of intersegmental arteries (straight arrows) arises from the aortic sac. (B) Schematic representation of the development of
the normal aortic arch and branch vessels. Selective involution of the branchial arch segments results in the final adult aortic arch and is thought to be the main
mechanism underlying arch and branch vessel anomalies.

BCA: brachiocephalic artery, CCA: common carotid artery, LECA: left external carotid artery, LICA: left internal carotid artery, LSA: left subclavian artery, RECA:
right external carotid artery, RICA: right internal carotid artery, RSA: right subclavian artery.
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Edward’s hypothetical double arch

Another important model of aortic arch embryology is the hypothetical double arch proposed
by Edward.” In this model, there is a single midline ascending and descending aorta and
bilateral aortic arches and ductus arteriosus surrounding the trachea and esophagus. Each
carotid and subclavian artery (SA) originates from the ipsilateral arch. This model can
explain various anomalies or malformations based on the regression or persistence of various
segments. For example, the normal left aortic arch can be explained by regression of the

right aortic arch, right sided ductus arteriosus, and right dorsal aorta. However, because the
relative size of the aortic arch branches and lateral position of the descending aorta are not
considered, this model does not cover all anatomic aortic arch variants.?

IMAGING MODALITIES FOR EVALUATION OF THE AORTIC
ARCH AND ASSOCIATED STRUCTURES

Imaging techniques available for diagnosing arch anomalies include barium esophagram,
echocardiography, CT angiography, MR, and catheter angiography.” Classical modalities
such as barium esophagram and catheter angiography are not frequently used as first-line
diagnostic tools because they are difficult to use in pediatric patients and provide only two-
dimensional (2D) information.'”'V At present, echocardiography, MRI, and CT angiography
are the main modalities used to detect and evaluate aortic arch variants and anomalies.

CT provides high spatial resolution of the anatomy of the vessels and surrounding structures.
Additionally, reformation in multiple planes or three-dimensional (3D) imaging can

provide detailed anatomical information, including relative positional relationships, which
is advantageous, especially when assessing tracheal and esophageal compression.’"?)
Technological advances in CT have markedly reduced radiation exposure and image
acquisition time. Use of high pitch spiral mode can reduce cardiac pulsation artifacts and
image acquisition time." In some cases, CT can be performed without anesthesia or breath
holding in pediatric patients.” Despite improvements in CT techniques, however, there are
still concerns regarding radiation exposure and administration of iodine contrast media.

Diagnostic aortic arch imaging by CT angiography has several minimal requirements for
optimal quality.' First, the minimal scan range must include the ascending thoracic aorta,
descending thoracic aorta, and large aortic arch branches (brachiocephalic artery [BCA],
common carotid artery [CCA], and SA). Second, at least 200-250 HU should be used for
adequate aortic enhancement."”’ Computed tomography angiography (CTA) contrast
enhancement depends on various factors such as contrast medium volume, injection

rate, scan duration, scan timing, and patient-related factors. By adjusting these variables,
appropriate contrast enhancement can be achieved.'® Third, thin slice thickness is an
important factor affecting CTA spatial resolution. For adequate diagnostic aortic arch
imaging, slice thickness should not be more than 2 mm. Further multi-planar reconstruction
using thin slices can provide additional anatomic information for diagnosis.

Another important factor to consider is patient-related factors. For instance, body mass
index-adapted protocols in which contrast agent volume and imaging timing are adjusted

for can decrease noise and provide better quality images. When scanning pediatric patients,
more variables should be considered including small body volume and sensitivity to radiation
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exposure.' Pediatric CTA optimization aims to minimize radiation exposure while obtaining
images with adequate diagnostic quality.

MRI s an alternative cross-sectional imaging modality that allows precise assessment of
aortic arch anomalies without ionizing radiation. Contrast-enhanced MR angiography

and non-contrast enhanced black blood and bright blood sequences can be performed to
evaluate anatomical relationships between the aortic arch, esophagus, and airway.?” Like

CT, 3D volumetric acquisitions provide multi-planar reformatting for detailed assessment of
tracheal compression. However, the biggest drawback of MRI is the long acquisition time. To
overcome this drawback, several techniques, such as compressed sensing, 3D ultra-shot echo
time, and 4D flow acquisition are being used.

However, contrast-enhanced thoracic aorta CT and MRI have some disadvantages. CT scans
are not widely used in pediatric patients because of radiation exposure. While there is no
radiation exposure when undergoing MRI, patient cooperation is a factor to consider due to
the prolonged time requirements. In addition, contrast medium injection is required for both
CT and MRI, and intravenous access is required for this.

Echocardiography is often used as the initial imaging modality in pediatric patients as it is
non-invasive, there is no need for intravenous contrast medium, and there is no radiation
exposure.” Echocardiography not only provides anatomic information on the vascular
and surrounding structures, but functional changes can also be assessed by Doppler
ultrasonography. However, limited access to the entire thoracic aorta and dependency on
operator skills are limitations of echocardiography as a major imaging modality.

NORMAL VARIATIONS OF THE AORTIC ARCH AND
BRANCHING PATTERNS

Aortic arch sidedness and branching patterns

Aortic arch variations are classified based on anatomical and morphologic features of the
aorta, including the sidedness of the arch, course of the aorta, and branching pattern.??
Sidedness of the aortic arch is based on which bronchus is crossed by the arch. Four types

of aortic arch are recognized: left-sided aortic arch (LAA), right-sided aortic arch (RAA),
double aortic arch, and cervical aortic arch. In addition, the branching pattern of major neck
vessels (such as the carotid or SA) is also taken into consideration in classification.?? Clinical
presentation or impact of the variation, ranging from asymptomatic to airway compression
or vascular flow problems, can usually be predicted based on the classification.

Normal left aortic arch and branching pattern variants

Based on Edward’s hypothetical double arch,” the normal left aortic arch complex can be
explained by regression of 1) the distal right fourth arch between the right subclavian artery
(RSA) and descending aorta, 2) right ductus arteriosus, and 3) right dorsal aorta distal to
the origin of the seventh intersegmental artery. The remnant proximal segment of the right
fourth arch and left seventh intersegment artery persist as the RSA, while the left fourth
arch becomes the definitive aortic arch. As a result, a normal aortic arch cross over the left
main bronchus, and the descending aorta travels left of the midline with the left ductus
arteriosus. According to the normal branching pattern, aortic branches arise in order as the
right brachiocephalic artery (RBCA), left common carotid artery (LCCA), and left SA (LSA)

https://doi.org/10.4250/jcvi.2022.0058 234
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Figure 2. (A) Schematic figure and (B) 3D volume-rendered image of a normal left aortic arch based on Edward’s
hypothetical double arch. Black-shaded area represents involuted segments in the hypothetical double arch.

A normal left aortic arch results from involution of the right arch between the right subclavian artery and
descending aorta.

LCCA: left common carotid artery, LSA: left subclavian artery, RBCA: right brachiocephalic artery.

(Figure 2). Several studies have reported that a “normal” aortic arch configuration is present
in 65-75% of patients.>?

The most common variant of the arch branching pattern of the left aortic arch is the “bovine
aortic arch” (10-20% of the population).??? The bovine aortic arch branching variant occurs
when the second branch, the LCCA, has a common origin with the RBCA (13%) or originates
directly from the RBCA (9%) (Figure 3). The bovine-type branching pattern has no similarity
with the aortic arch pattern of cattle (who have a single brachiocephalic trunk originating
from the aortic arch); therefore, the term “bovine aortic arch” is a misnomer.?® Although this
branching pattern was thought to be a normal anatomic variant without symptoms, clinically
significant effects such as thoracic artery aneurysm, increased risk of arch torsion, and
laterality of cerebral stroke have been reported.?

Another common variation of the left aortic arch is origination of the left vertebral artery
directly from the aortic arch (Figure 4), which has been noted in 1-8% of the population.?)
Aberrant origin of the right vertebral artery has also been observed, but this is rare.?”
Although vertebral origin variants are considered asymptomatic aortic branching variants, it
is important for the surgeon to be aware of these variations prior to planning and performing
vascular thoracic surgery or interventional procedures.

In the adult “normal” LAA, the first great artery branch is the RBCA, which is usually located
to the right of the midline. However, in most newborns, the origin of the RBCA is displaced
to just left of the midline on the aortic arch (Figure 5), and there may be some degree of
asymptomatic tracheal indentation on the midline crossing point of the RBCA. This anatomy
may be related to immaturities of the tracheal cartilage in newborns.? Rarely, the degree

of tracheal compression may be significant, leading to clinical symptoms and resulting in
innominate artery compression syndrome.?” In this condition, further assessment with cross-
sectional imaging (CT or MRI) should be performed to delineate associated arch anomalies.
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Figure 3. Common origin of the right brachiocephalic trunk and left common carotid artery in a 83-year-old man.
Oblique coronal maximum intensity projection computed tomography angiographic image (A) and 3D volume-
rendered image (B) show the common origin of the right brachiocephalic artery and left common carotid artery
from the left aortic arch.

LCCA: left common carotid artery, LSA: left subclavian artery, RBCA: right brachiocephalic artery.

Figure 4. Direct origin of the left vertebral artery from the aortic arch in a 53-year-old man. Oblique sagittal 3D
volume-rendered computed tomography angiographic image shows the direct origin of the LVA from the left
aortic arch.

LCCA: left common carotid artery, LSA: left subclavian artery, LVA: left vertebral artery, RBCA: right
brachiocephalic artery.

AORTIC ARCH ANOMALIES AND CLASSIFICATIONS

Based on previous studies, aortic arch anomalies can be classified into three main groups:
left aortic arch, right aortic arch, and other arch variants. Interestingly, detailed variants

and anomalies of the right arch type and left arch type show mirror imaging. Variants and
anomalies from the viewpoint of mirror imaging are classified and reviewed in Figure 6. The
clinical importance of each subtype and its association with other mutations are discussed
below (Table 1).
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Figure 5. Origin of the right brachiocephalic artery in a 1-year-old boy. (A) Serial axial CT angiographic images and
(B) 3D volume-rendered CT angiographic image show the origin of the brachiocephalic artery (RBCA, arrows) just
left of midline on the aortic arch.

CT: computed tomography, RBCA: right brachiocephalic artery.

LAA with normal branching RAA with mirror image branching Double aortic arch
LAA with ARSA RAA with ALSA Cervical aortic arch
LAA with isolated RSA RAA with isolated LSA Persistent fifth aortic arch
Left circumflex aorta Right circumflex aorta Interrupted aortic arch
y Hypoplastic aortic arch
Coarctation of aorta
Pseudocoarctation

Mirror image pattern

Figure 6. Classification of aortic arch variants and anomalies based on arch-sidedness and mirror imaging.
ALSA: aberrant left subclavian artery, ARSA: aberrant right subclavian artery, LAA: left-sided aortic arch, LSA: left
subclavian artery, RAA: right-sided aortic arch, RSA: right subclavian artery.

Left aortic arch
Branching variants of the LAA can be classified as normal, aberrant right subclavian artery
(ARSA), isolated RSA, or left circumflex artery.

Left aortic arch with an ARSA

The most common type of aortic anomaly is a left aortic arch with an ARSA (Figures 7 and 8).
This anomaly is found in 0.4-2% of the population with a female predominance.” ARSA is
thought to be a result of right aortic arch regression between the right CCA (RCCA) and RSA.”
After arising from the distal portion of the right dorsal aorta as the last branch, ARSA shows
various courses.> The course of the ARSA is classified based on its locational relationship with
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Table 1. Summary of aortic arch anomalies and variants

Vascular anomalies

Possible embryology

Arch and ductus

Clinical features

Lt-sided arch
Lt aortic arch with ARSA

Kommerell diverticulum

Regression of the Rt 4™ arch between the RCCA and RSA
Lt aortic arch with ARSA with Regression of the Rt 4™ arch between the RCCA and RSA
and persistence of the Rt 6™ arch component

Lt aortic arch with isolated Rt Regression of the Rt 4™ arch between the RCCA and RSA

subclavian artery
Lt circumflex aorta

Rt-sided arch
Rt aortic arch with mirror

image branching

Rt aortic arch with ALSA with
Kommerell diverticulum
Rt aortic arch with ALSA

without Kommerell
diverticulum
Right aortic arch with
isolated RSA
Right circumflex aorta

Miscellaneous

Double aortic arch
Cervical aortic arch

Persistent fifth aortic arch

Interrupted aortic arch
Hypoplastic aortic arch

Coarctation of the aorta

Pseudocoarctation

and regression of the segment distal to the RSA and
ductus

Regression of the Rt 4™ arch between the RCCA and RSA
and persistence of the Rt 6" arch and Rt dorsal aorta

Regression of the Lt 4" arch between the Lt ductus and
dorsal aorta and persistence of the Lt 6" arch

Regression of the Lt 4™ arch between the LCCA and LSA
and persistence of the Lt 6" arch component

Regression of the Lt 4™ arch between the LCCA and LSA
and regression of the Lt 6" arch

Regression of the Lt 4™ arch between the LCCA and LSA
origin and regression distal to the LSA and ductus
Regression of the Lt 4™ arch between the LCCA and LSA
and persistence of the Lt 6" arch and Lt dorsal aorta

Abnormal persistence of both aortic arches

i) Persistence of the 2" or 3" branchial arches with
regression of the 4" arch

or ii) failure of caudal migration of the 4" arch

Persistence of the primitive 5™ aortic arch

i) Regression distal to the LSA,

or i) regression between the LCCA and LSA,

or iii) regression between the RBCA and LCCA

May be associated with restriction of aortic flow

i) Abnormal ductal tissue extension to the aortic

isthmus or

ii) altered fetal hemodynamics due to an abnormal
angle between the ductus and aorta or abnormal pre-
ductal flow

Failure of compression and fusion of the dorsal roots
and 4" arch segments

Lt arch, Lt ductus

Lt arch, Rt ductus,
vascular ring (+)

Lt arch, no ductus

Lt arch, Rt ductus, Rt
descending aorta,
vascular ring (+)

Rt arch, Lt ductus

Rt arch, Lt ductus,
vascular ring (+)

Rt arch, Rt ductus, or
absent ductus

Rt arch, no ductus

Rt arch, Lt ductus, Lt
descending aorta,
vascular ring (+)

Both aortic arches,
vascular ring (+)

Variable branching
pattern

Variable branching
pattern, vascular ring
(+/-)

Complete discontinuity

between the ascending

and descending aorta

Relatively small diameter

of the aortic arch
Focal stenosis of the
aortic arch adjacent to
the aortic isthmus
Segmental kinking or
buckling at the aortic
isthmus

Most common congenital anomaly of the
aorta (0.5-2%)

Usually isolated

Dysphagia lusoria (if tight vascular ring)

15-30% of ARSA

Congenital subclavian steal syndrome,
vertebrobasilar insufficiency, syncope

Extremely rare

Arch itself courses behind the esophagus

Severe tracheobronchial compression

Usually asymptomatic

Strong association with CHD (> 75%)

Most common form of Rt-sided aortic arch

Usually isolated (CHD in 5-10%)

Dysphagia lusoria (if tight vascular ring)

60% of ALSA

Usually combined with CHD

Associated with CHD (> 50%), vertebrobasilar
insufficiency, or subclavian steal syndrome

More common than Lt circumflex aorta

Most common cause of symptomatic vascular
ring (50%)

More common on the Rt-sided arch

Usually asymptomatic (occasionally pulsatile
neck mass)

Usually associated with CHD

Often misdiagnosed as ductus arteriosus or
aortopulmonary window

Extremely rare

Shock or severe heart failure occurs a few
weeks after birth

With or without other CHD (m/c with aortic
coarctation)

Relatively common anomaly (0.04%)

Commonly accompanied by CHD or an arch
anomaly (44-84%, m/c with bicuspid aortic
valve)

Incidentally found without clinical symptoms

ALSA: aberrant left subclavian artery, CHD: congenital heart disease, LCCA: left common carotid artery, LSA: left subclavian artery, Lt: left, m/c: most common,
RBCA: right brachiocephalic artery, RCCA: right common carotid artery, RSA: right subclavian artery, Rt: right.

https://e-jcvi.org

the esophagus as retroesophageal (most common), between the esophagus and trachea, or

anterior to the trachea.’

In this type of anomaly, the right ductus arteriosus usually undergoes regression, thus,

a complete vascular ring is not formed. ARSA is therefore usually asymptomatic and
incidentally detected. Rarely, tracheoesophageal compression by a retroesophageal segment
of the ARSA can cause symptoms, referred to as “dysphagia lusoria,” which is usually found in

infants.?? In addition, combined anomalies such as a persistent double aortic arch with right-
sided ductus arteriosus can influence the occurrence of symptoms.*

This anomaly is usually found as an isolated anomaly; however, it uncommonly occurs in
conjunction with other anomalies such as tetralogy of Fallot (TOF), coarctation of the aorta,
ventricular septal defect (VSD), and patent ductus arteriosus (PDA).>¥ Various studies have

investigated the association between ARSA and trisomy 21, and Scala et al. demonstrated that
ARSA was a clinically useful marker of trisomy 21.%)

https://doi.org/10.4250/jcvi.2022.0058
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Figure 7. Schematic figure of a left aortic arch with an ARSA. Black-shaded area represents involuted segments in
a hypothetical double arch. This anomaly results from regression of the right arch between the right subclavian

artery and right common carotid artery.
ARSA: aberrant right subclavian artery, LCCA: left common carotid artery, LSA: left subclavian artery, RCCA: right

common carotid artery.

Figure 8. Left aortic arch with ARSA without Kommerell diverticulum in a 45-year-old man. (A, B) Transaxial
and coronal CT angiographic images show an ARSA with a posterior mediastinal course. (C) Oblique coronal 3D
volume-rendered CT angiographic image shows the branch arteries arising from the left aortic arch in order of
RCCA, LCCA, left subclavian artery, and aberrant right subclavian artery.

ARSA: aberrant right subclavian artery, CT: computed tomography, LCCA: left common carotid artery, LSA: left
subclavian artery, RCCA: right common carotid artery.
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As mentioned above, because a vascular ring is usually not formed, this anomaly does not
result in clinical symptoms or require treatment. In cases where the ARSA is prominently
dilated and there is aneurysm formation or it causes severe symptoms such as dysphagia
or dyspnea, surgical treatment may be considered.*® The goal of surgery is to reposition
the anomalous SA. Usually, this surgery involves carotid-SA bypass or re-implantation of
the ARSA at a more proximal arch position. A two-stage hybrid procedure consisting of
transcatheter occlusion and open carotid-subclavian bypass was recently performed.>)

Left aortic arch with an ARSA with Kommerell diverticulum

Another variant of the ARSA is associated with persistence of the right sixth arch component.
Remnant right sixth arch component consists of a dorsal aortic arch segment and right-sided
ductus arteriosus. Dorsal aortic arch segment persists as the retroesophageal diverticulum
(Kommerell diverticulum), which gives rise to the ARSA (Figure 9).3 The right-sided

ductus arteriosus (or ligamentum arteriosum) along with the opposite side’s left aortic

arch complete a loose vascular ring surrounding the trachea and esophagus.* Kommerell
diverticulum is found in 15-30% cases of LAA with ARSA,*” and more commonly occurs in
association with RAAs. If dysphagia lusoria is present due to the vascular ring or aneurysm of
Kommerell is present, surgical resection should be performed.*

Figure 9. Left aortic arch with an ARSA with Kommerell diverticulum in a 63-year-old woman. (A, B) Axial and coronal CT angiographic images show an ARSA
with Kommerell diverticulum (asterisk). (C) Sagittal CT angiographic image shows the Kommerell diverticulum causing esophageal compression (arrows). (D) 3D
volume-rendered CT angiographic image shows the retro-tracheal course of the ARSA with diverticulum of Kommerell.

ARSA: aberrant right subclavian artery, CT: computed tomography.

https://e-jcvi.org
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Left aortic arch with an isolated RSA

Isolation of the RSA, defined as absence of continuity between the RSA and aortic arch, is a rare
great vessel anomaly; instead, there is a connection with the pulmonary artery via the ductus
arteriosus® (Figure 10). Isolated RSA with left aortic arch is extremely rare compared to isolated
LSA.® Two-point segmental regression of the right arch between the RCCA and RSA origin and
distal to the origin of the right ductus and RSA is the cause of this anomaly. The vertebral artery
or the ductus arteriosus collaterals, instead of the aortic arch, fills the isolated RSA.

Isolated RSA may be associated with other cardiovascular anomalies such as PDA, TOF, or
22q11 deletion syndrome.*?*) Although this anomaly does not form a complete vascular ring,
various symptoms, including syncope, absent pulses in the upper limb, and ischemic limb pain
can occur and raise the suspicion of vertebrobasilar insufficiency. If such symptoms are present,
surgical re-anastomosis of the isolated SA to the carotid artery should be considered.*”

Left circumflex aorta

Usually, a definite aortic arch consists of the dorsal aorta on the side of the arch. However, due
to regression of the right fourth arch between the RCCA and RSA, and persistence of the right-
sided sixth arch component forming the ductus arteriosus, the distal left dorsal aorta forms
the definite distal aortic arch; thus, the left circumflex aorta consists of the left aortic arch with
midline crossing, right sided descending aorta, and right ductus arteriosus (Figure 11).%°)

This is an extremely rare type of aortic anomaly and usually shows a similar branching
pattern to that of a left aortic arch with an ARSA. However, in this anomaly, the distal arch
itself crosses the midline, rather than the ARSA crossing the midline.*” In most cases of
left circumflex aorta, the right ductus arteriosus completes a vascular ring by connecting
the right pulmonary artery to the descending aorta. Consequently, this anomaly may
result in respiratory compromise by compressing the tracheobronchial structure; surgical
repositioning is required in this case.?”)

Isolated RSA

Figure 10. Schematic figure of the left aortic arch with an isolated right subclavian artery. Black-shaded area
represents involuted segments in a hypothetical double arch. This anomaly results from (i) regression of the right
arch between the origin of the right common carotid artery and right subclavian artery and (ii) distal to the origin
of the right ductus and right subclavian artery. Thus, the right subclavian artery is connected to the pulmonary
artery instead of the aortic arch.

LCCA: left common carotid artery, LSA: left subclavian artery, RCCA: right common carotid artery, RSA: right
subclavian artery.
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LAA

Figure 11. Schematic figure of the left circumflex aorta. Black-shaded area represents involuted segments in a
hypothetical double arch. This anomaly results from regression of the right fourth arch between the RCCA and
right subclavian artery and persistence of the right-sided sixth arch component.

ARSA: aberrant right subclavian artery, LAA: left aortic arch, LCCA: left common carotid artery, LSA: left
subclavian artery, RCCA: right common carotid artery, RDA: right descending aorta.

RAA

A RAA is found in 0.05% to 0.1% of the population.*® The pathological mechanism of the
right aortic arch is unknown, but it is presumed to be related to embryonic blood flow.*)
Based on the arrangement of the arch vessels and ligamentum arteriosum, three subtypes of
right aortic arch are recognized: type I (RAA with mirror image branching), type II (RAA with
aberrant left subclavian vein with or without Kommerell diverticulum), and type III (RAA with
isolated SA). Each RAA subtype shows mirror imaging with the subtypes of the left aortic
arch.” RAA is frequently associated with other congenital cardiac anomalies, esophageal
atresia, and tracheoesophageal fistula.>)

Right aortic arch with mirror image branching

RAA with mirror image branching is the second most common subtype of RAA.
Embryologically, this pathology is due to regression of the left fourth branchial arch between
the left ductus and dorsal aorta, along with persistence of the left sixth arch.’? As a result, the
left fourth arch remains a proximal component of the LSA and the definite aortic arch descends
to the right of the trachea, crossing above the right main bronchus.” As the name suggests,
this type of RAA has a branching pattern that is a mirror image of the normal left aortic arch
branching pattern in order of left BCA (LBCA), RCCA, and RSA (Figures 12 and 13).

In most cases, the remnant left sixth arch becomes the left ductus arteriosus; thus, it does not
typically form a complete vascular ring.?) In extremely rare cases, when the left ductus arises
from the descending aorta or the remnant right ductus arteriosus, a vascular ring is present.*

Clinical importance of this subtype is that it is strongly associated with other anomalies or
congenital heart diseases (> 75%) such as truncus arteriosus, TOF, tricuspid atresia, and
transposition of the great arteries (TGA).>¥> Additionally, chromosomal anomalies such as
22q11 deletion syndromes have also been reported to be associated with this subtype.>®
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Figure 12. Schematic figure of the right aortic arch with mirror image branching. Black-shaded area represents
involuted segments in a hypothetical double arch. This anomaly results from regression of the left aortic arch
between the left subclavian artery and descending aorta.

LBCA: left brachiocephalic artery, RCCA: right common carotid artery, RSA: right subclavian artery.

Figure 13. Right aortic arch with mirror image branching in a 75-year-old woman. (A) Axial and coronal CT
angiographic images show the left brachiocephalic artery arising from the aortic arch and then branching into
the left common carotid and subclavian arteries. (C) Coronal 3D volume-rendered CT angiographic image shows
branch arteries arising from the right aortic arch in order of left brachiocephalic artery, right common carotid
artery, and right subclavian artery.

CT: computed tomography, LBCA: left brachiocephalic artery, LCCA: left common carotid artery, LSA: left
subclavian artery, RCCA: right common carotid artery, RSA: right subclavian artery.
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Usually, this subtype does not cause tracheoesophageal compression. However, due to the
high associated anomaly rate, whenever this type of aortic branching is detected, precise
evaluation of the circulatory system, including the heart chambers, is required.

Right aortic arch with an aberrant left subclavian artery (ALSA) with Kommerell diverticulum
RAA with an ALSA is the most common variation of an RAA."? This arch anomaly is a

mirror image of an LAA with ARSA, but Kommerell diverticulum is more commonly present
(approximately 60% of the cases) than with LAA (Figures 14 and 15). RAA with an ALSA

with Kommerell diverticulum is the result of abnormal involution of the left fourth arch in-
between the LSA and LCCA, usually accompanied by persistence of the left sixth arch. Major
branching vessels of the aortic arch are in order of LCCA, right CCA, RSA, and ALSA. ALSA
arises from the retroesophageal diverticulum at the junction of the right arch and descending
aorta, and takes an oblique retroesophageal course, completing a vascular ring that encircles
the trachea and esophagus.”*® If the vascular ring is tight enough, tracheoesophageal
compression can cause symptoms like poor feeding tolerance, recurrent aspiration, and
failure to thrive, which are more commonly seen in infants and young adults. Additionally,
the aneurysmal diverticulum itself can cause compression of the esophagus or spontaneously
rupture.® Patients with a symptomatic Kommerell diverticulum are therefore candidates for
surgery, and early surgical treatment is recommended due to the risk of aneurysmal rupture.

Right aortic arch with an ALSA without Kommerell diverticulum

RAA with an ALSA without Kommerell diverticulum, though rare, can be found
incidentally.®® Involution of both the left fourth and sixth arches is the cause of this subtype.
Avascular ring is usually absent, because the ductus arteriosus or ligamentum is usually
absent or is right sided. Unlike RAA with an ALSA with Kommerell diverticulum, this subtype
is usually found in individuals with congenital cardiac disease, including TOF or truncus
arteriosus (Figure 16).%

Figure 14. Schematic figure of a right aortic arch with an ALSA. Black-shaded area represents involuted segments
in a hypothetical double arch. This anomaly results from regression of the left arch between the left subclavian
artery and left common carotid artery.

ALSA: aberrant left subclavian artery, LCCA: left common carotid artery, RCCA: right common carotid artery, RSA:
right subclavian artery.
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Figure 15. Right aortic arch with an ALSA with Kommerell diverticulum in a 59-year-old man. (A, B) Axial and
coronal CT angiography images show an ALSA with dilated Kommerell diverticulum (asterisk). The branch arteries
arise in order of LCCA, RCCA, RSA, and ALSA. (C) 3D volume-rendered CT angiographic image shows the retro-
tracheal course of the ALSA with diverticulum of Kommerell.

ALSA: aberrant left subclavian artery, CT: computed tomography, LCCA: left common carotid artery, RCCA: right
common carotid artery, RSA: right subclavian artery.

Right aortic arch with an isolated LSA

RAA with an isolated LSA is a rare subtype of RAA, observed in only 0.8% of patients with
aRAA.® RAA with an isolated LSA is the result of regression of two segments of the left

arch, one between the LCCA and LSA and the other distal to the left ductus." As a result,

the isolated LSA is connected to the pulmonary artery by the ductus arteriosus or to the left
vertebral artery rather than the aortic arch (Figures 17 and 18).%Y In more than half of cases,
RAA with an isolated SA is associated with congenital heart diseases such as TOF, coarctation
of aorta, or left pulmonary artery stenosis.*”

Although an isolated SA itself may be asymptomatic, it can cause vertebrobasilar insufficiency
or subclavian steal syndrome, which manifests as arm weakness.®? Furthermore, if the LSA
originates from the pulmonary artery branch, low pulmonary vascular resistance can cause
pulmonary steal syndrome and heart failure.”® This flow problem is visualized as retrograde
flow from the left vertebral artery or collateral vessels by conventional angiography or phase
contrast MR angiography.®

Asymptomatic patients with compensated blood flow from other systemic arteries may not

require surgical or interventional treatment. If the isolated SA causes symptoms such as steal
syndrome, LSA occlusion and re-implantation or stent insertion are usually performed.*?
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Figure 16. Right aortic arch with an ALSA without Kommerell diverticulum in a 20-year-old man who underwent
total correction surgery for Tetralogy of Fallot. (A-C) Serial axial and coronal computed tomography angiographic
images show a right sided aortic arch with a non-dilated ALSA. The branch arteries arise from the right aortic

arch in order of LCCA, RCCA, RSA, and ALSA.
ALSA: aberrant left subclavian artery, LCCA: left common carotid artery, RCCA: right common carotid artery, RSA:

right subclavian artery.

LCCA

Isolated LSA

Figure 17. Schematic figure of a right aortic arch with an isolated LSA. Black-shaded area represents involuted
segments in a hypothetical double arch. This anomaly results from regression of the left arch i) between the
origin of the LCCA and LSA and ii) distal to the origin of the left ductus and LSA.

LCCA: left common carotid artery, RCCA: right common carotid artery, LSA: left subclavian artery.
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Figure 18. Isolated LSA in a newborn boy. (A) Serial axial CT angiographic images and (B) 3D volume-rendered CT
angiographic image show the isolated LSA arising from the pulmonary trunk.

CT: computed tomography, LCCA: left common carotid artery, LSA: left subclavian artery, RCCA: right common
carotid artery, RSA: right subclavian artery.

Right circumflex aorta

Right circumflex aorta is a rare anomaly, although it is relatively more common than left
circumflex aorta (Figures 19 and 20). In this anomaly, the aortic arch courses behind the
esophagus, crosses the midline, and gives rise to the left diverticulum with the left ductus
arteriosus arising from it.*® Abnormal involution of the left dorsal aorta between the LCCA
and LSA or regression of the left fourth arch between the LSA and left ductus may give rise to
a circumflex aorta. A right circumflex aorta is therefore formed from the remnant right aortic
arch, left sided dorsal aorta, and left ductus arteriosus.*”

Two branching patterns may be seen depending on the existence of an ALSA.* If an
aberrant SA is present, the LCCA, RCCA, RSA, and ALSA arise from the aortic arch in the
above order. Otherwise, the branching pattern is similar to RAA with a mirror branching
pattern. Symptoms can occur if the diverticulum or vascular ring compresses the trachea or
esophagus. In these cases, surgical treatment is similar to that for left circumflex aorta.*”)

Miscellaneous

Among aortic arch deformities, there are also subtypes that do not correspond to the left or
right aortic arch. Representative examples include double aortic arch, cervical aortic arch,
persistent fifth aortic arch, interrupted aortic arch (IAA), hypoplastic aortic arch, coarctation
of the aorta, and pseudocoarctation, all of which are relatively rare.?

Double aortic arch
A double aortic arch is a rare anomaly found in only 0.05-0.3% of the population. However,
this is the most common cause of a symptomatic vascular ring (symptoms occurs in 40-50%

%) Embryologically, this anomaly results from abnormal persistence of both aortic

of cases).®
arches with absence of physiological regression.?) As a result, after the ascending aorta divides

into the left and right arches, each arch gives rise to an ipsilateral CCA and SA, and then the
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Figure 19. Schematic figure of the right circumflex aorta. Black-shaded area represents involuted segments of a
hypothetical double arch. This anomaly results from regression of the left fourth arch between the LCCA and LSA

and persistence of the left-sided sixth arch component.
LCCA: left common carotid artery, LDA: left descending aorta, LSA: left subclavian artery, RAA: right aortic arch,
RCCA: right common carotid artery, RSA: right subclavian artery.
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Figure 20. Left circumflex aorta in a 3-year-old boy. (A) Serial axial CT angiographic images and (B) 3D volume-
rendered CT angiographic image show a left aortic arch crossing the midline posterior to the trachea and further
descending on the right side of spine. Additionally, aortic arch hypoplasia and coarctation of the left aortic arch
are present.

CT: computed tomography.
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arches join as the descending thoracic aorta (Figures 21 and 22). Without regard to the location
of the ductus, this vascular anomaly completely encircles the trachea and esophagus, and
usually causes clinical symptoms.® The size of the arches may be similar, but in up to 75% of
the cases, the right arch is larger and dominant.?V* Furthermore, there are cases of one atretic
or hypoplastic arch with the other one relatively normal. The descending thoracic aorta in a
double aortic arch is usually found on the contralateral side to the dominant arch.?

If one or both arch segments show atresia or hypoplasia, visualization by CT or MR angiography
is poor. Therefore, the ancillary findings mentioned below may be important for discrimination
of this anomaly from an RAA with mirror imaging branching or an RAA with an ALSA.¥)

1) Double aortic arch branching pattern shows bilateral and symmetric carotid and sub-
clavian arteries arising from each ipsilateral arch.®® This is a unique feature of a double
aortic arch and is called the “four vessel sign.” In comparison, in cases of an RAA with
an ALSA, the LBCA originates from the right arch with mirror image branching, and
asymmetry of the branch vessels at the transverse level can be noted.

2) In case of a double aortic arch with left arch atresia, the ductal diverticulum projects
superiorly,”) whereas in RAA with mirror image branching, the diverticulum projects
anteriorly towards the pulmonary artery.

3) In comparison to the LBCA in RAA with mirror imaging branching, the left arch with
atresia in double aortic arch patients has a relatively posterior course.®

4) The SA takes an inferior course and turns in the cephalad direction in a double aortic
arch.®®

Double aortic arch is only rarely associated with congenital heart disease, but if present,
various heart diseases including TOF, TGA, and VSD may be simultaneously present.®”
Additionally, chromosomal abnormalities such as 22q11 deletion are present in
approximately 20% of patients diagnosed with a double aortic arch.>® Common clinical
symptoms in infants due to tracheoesophageal compression include a barky cough,
respiratory stridor, dysphagia, and/or severe cyanosis. If associated symptoms are present,
surgical correction of the vascular ring should be performed.® The long-term prognosis

Figure 21. Schematic figure of a double aortic arch with ductus arteriosus on each side. This anomaly results from
abnormal persistence of both aortic arches with absence of physiological regression.

LCCA: left common carotid artery, LSA: left subclavian artery, RCCA: right common carotid artery, RSA: right
subclavian artery.
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Figure 22. Double aortic arch in a 68-year-old man. (A, B) Serial transaxial and 3D volume-rendered computed
tomography angiographic images show a double aortic arch with symmetric bilateral common carotid arteries
and subclavian arteries also referred to as the “four vessels” sign. Double aortic arch encircling the trachea forms
a complete vascular ring.

CT: computed tomography, LCCA: left common carotid artery, LSA: left subclavian artery, RCCA: right common
carotid artery, RSA: right subclavian artery.

of patients with a double aortic arch who have undergone surgical treatment is excellent.””
During surgery, the smaller segment or atretic portion of the aortic arch is usually resected to
disrupt the complete vascular ring and resolve tracheoesophageal compression.

Cervical aortic arch

Cervical aortic arch is defined as an aortic arch positioned abnormally high at the level of the
clavicle, and is present in 0.01% of the population (Figure 23).”) Two possible embryological
causes have been suggested: abnormal regression of the fourth branchial arches and
persistence of the second or third arch instead, or failure of caudal migration of the immature
fourth arch.” An association between cervical aortic anomaly and 22q11 microdeletion
syndrome, a chromosomal abnormality related to underdevelopment of the fourth primitive
aortic arches, has been reported.>

Abnormal location of the descending aorta or aortic knob and posterior indentation of the
trachea or esophagus are significant signs of a cervical aortic arch in CT or MRI. Various
kinds of aortic anomalies, such as aortic diverticulum, aberrant SA, or separate carotid
origins may also be present. Although a cervical aortic arch is more frequently found with a
RAA than with a LAA, there is a strong association between a left cervical aortic arch and an
aortic diverticulum.”
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Figure 23. Schematic figure of the left cervical aortic arch. There are two hypothetical pathophysiological
causes of a cervical aortic arch based on embryology: i) abnormal involution of the fourth branchial arches and
persistence of the second or third arch instead, or ii) failure of caudal migration of the immature fourth arch.
LCCA: left common carotid artery, LSA: left subclavian artery, RCCA: right common carotid artery, RSA: right
subclavian artery.

Cervical aortic arch is usually asymptomatic and incidentally detected; thus, no treatment is
required.” Rarely, a pulsatile mass can be found in the neck portion, or tracheoesophageal
compression can cause clinical symptoms such as dysphagia, wheezing, and coughing. If the
clinical compressive symptoms are significant or an aneurysm is present, surgical repair such
as endovascular repair with graft placement and subsequent axillary-axillary bypass may be
considered.”

Persistent fifth aortic arch

A fifth aortic arch positioned inferior to the definite aortic arch, which is referred to as

a persistent fifth aortic arch (PFAA; “double-lumen aortic arch”), may occur due to lack

of physiologic regression (Figure 24).” The remnant fifth aortic arch usually connects

the ascending segment of the aortic arch to the descending aorta (systemic-to-systemic
connection) or pulmonary artery (systemic-to-pulmonary connection). Because of its
location and connection, a PFAA can mimic a ductus arteriosus or aorto-pulmonary window.
PFAA arises proximal to the origin of the BCA, has an extra pericardial tortuous course, and
terminates in the dorsal aorta or pulmonary artery.”

PFAA can be left-sided or right-sided. Based on anatomic variants, a PFAA can be classified
into three subtypes™: i) a double-lumen aortic arch with both lamina patent (the most
common subtype), ii) atresia and interruption of the superior arch with a patent inferior
(persistent fifth) arch, and iii) a systemic-to-pulmonary arterial connection arising proximal
to the first BCA; this subtype is associated with pulmonary atresia and VSD.

Previous studies have reported associations between a PFAA and various cardiovascular anomalies
such as pulmonary atresia, tricuspid atresia, coarctation of aorta, IAA, and VSD.””) PFAA has
various clinical presentations depending on the anatomical variations, including vascular ring
formation, connection between the systemic and pulmonary vascular system, and combined
anomalies.” For example, the LSA arising from the fifth aortic arch and persistence of a large
posterior aortic diverticulum can result in a complete vascular ring, which can cause symptoms.*”
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Persistent fifth
aortic arch

Figure 24. Schematic figure of a persistent fifth aortic arch. Remnant of the aortic arch to the descending aorta or
pulmonary artery.

LCCA: left common carotid artery, LSA: left subclavian artery, RCCA: right common carotid artery, RSA: right
subclavian artery.

IAA

IAA is a very rare aortic arch anomaly that is characterized by complete luminal discontinuity
between the ascending and descending aorta.® IAA includes cases of aortic atresia with an
anatomic fibrous remnant, no luminal connection, and presence of an aortic diverticulum

on both sides. Due to luminal discontinuity, blood flows to the descending aorta through the
PDA or PFAA.®? IAA can be classified into three types based on the location of the interrupting
segment (Figure 25).5” Type A IAA is characterized by interruption distal to the origin of the
LSA. Embryologically, this anomaly results from abnormal regression of the fourth arch segment
after the SA ascends to the proper position.® This subtype is the second common type of IAA,
occurring in 30—40% of cases, and is the most common subtype in adult patients (Figure 26).5

Type A IAA Type B IAA Type C IAA

Figure 25. Schematic figure of the three subtypes of IAA based on the location of the interrupted segment:
Type A, interruption distal to the origin of the left subclavian artery; Type B, interruption between the origins of
the left common carotid artery and left subclavian artery; Type C, interruption between the origins of the right
brachiocephalic artery and left common carotid artery.

IAA: interrupted aortic arch.
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Figure 26. Type B interrupted aortic arch in a newborn girl. (A) Axial CT image shows interruption of the aortic
arch distal to left CCA, and the descending aorta is continuous with the main pulmonary trunk. Additionally,
an aberrant right SCA is noted in this case. (B) 3D volume-rendered CT angiographic image of another type B
interrupted aortic arch patient.

ARSA: aberrant right subclavian artery, CT: computed tomography, LCCA: left common carotid artery, LSA: left
subclavian artery, RCCA: right common carotid artery, RSA: right subclavian artery, SVC: superior vena cava.

Type B IAA is defined as IAA with interruption between the origins of the LCCA and LSA. Early
abnormal regression of the left fourth arch segment before migration of the LSA is thought to
be the cause of the anomaly. Type B is the most common subtype of IAA, accounting for 50—
60% of TAA cases.® Additionally, about 30% cases of type B IAA are accompanied by an ARSA.
There is a close relationship between 22q11 deletion and type B IAA.® In over half of cases, type
B IAA is found in the context of specific syndromes such as DiGeorge syndrome, and has a high
association rate (98% of cases) with various congenital heart diseases.®”

Type C IAA is defined as aortic arch interruption between the origins of the BCA and LCCA.
This subtype results from regression of the ventral segment of the left third and fourth
arches. This is the least common type of IAA (less than 5% of IAA cases).®)

Clinical manifestations of an IAA include the onset of shock or severe heart failure a few
weeks after birth.* The only treatment option is surgical correction of the anomaly using a
bypass graft, stent, or end-to-end anastomosis.””

Hypoplastic aortic arch

Aortic arch hypoplasia is defined as a proximal aortic arch with an external diameter smaller
than 60%, a distal aortic arch with an external diameter smaller than 50%, or an isthmic
segment with an external diameter smaller than 40% of the assumed diameter of the
ascending aorta.’ Aortic arch hypoplasia may occur without any other anomaly but can also

https://doi.org/10.4250/jcvi.2022.0058 253



Aortic Arch Variants and Anomalies

Journal of C VI
Cardiovascular Imaging

https://e-jcvi.org

occur with other aortic anomalies that restrict aortic flow, such as coarctation of the aorta. It
may be accompanied by ASD, VSD, or PDA.*?

Coarctation of the aorta

Coarctation of the aorta is an aortic anomaly with focal stenosis of an aortic segment in the
proximal descending aorta or adjacent to the aortic isthmus.”® This is a relatively common
congenital anomaly that affects approximately 4 per 10,000 live births.

The definite etiology of coarctation of the aorta is not well understood.*® One hypothesis is
that abnormal ductal tissue extension to the aortic isthmus becomes a coarctation shelf and
causes aortic obstruction. Another theory is that there are altered fetal hemodynamics due to
an abnormal angle between the ductus arteriosus and aorta, or abnormal pre-ductal flow. As
aresult, there is increased right-to-left ductal flow and decreased antegrade arch flow, which
may give rise to coarctation of the aorta.

In patients with coarctation, various degrees of hypoplastic aortic arch and aortic isthmus
are generally noted. Hemodynamically, a blood pressure gradient higher than 20 mm Hg
is a component of the classical diagnosis of coarctation.’ In the setting of a high blood
pressure gradient, and to compensate for blood flow obstruction, there is recruitment and
enlargement of collateral vessels (Figure 27).

In neonates, transthoracic echocardiography is recommended for diagnosis of coarctation of
the aorta and has high sensitivity (94-98%).%) Otherwise, CT angiography is generally used
as a diagnostic modality as this can reveal the degree of narrowing, pseudo-aneurysms, and
development of the collateral system. MR angiography can be used for functional evaluation
of the pressure gradient or collateral flow status using phase contrast imaging.*® Coarctation
of the aorta is accompanied by congenital heart diseases or arch anomalies in 44-84% of
cases. It is most commonly associated with a bicuspid aortic valve, followed by VSD, ASD,
and others.” Coarctation of the aorta is a relatively common finding in individuals with
genetic diseases such as Turner's syndrome, Shone complex, and PHACE syndrome. %)

Clinical manifestations of coarctation of the aorta are related to the severity of the stenosis
and efficiency of the collateral pathways.’® In infants, symptoms are dependent on the
persistence of the PDA to maintain systemic blood flow.!V If the ductus closes, severe left
ventricular pressure overload and failure will appear in turn. Additionally, decreased systemic
perfusion of the lower body can cause tissue hypoxia along with upper body hypertension due
to activation of the renin-angiotensin-aldosterone system. Subsequently, renal failure and
metabolic acidosis can develop in untreated patients.'®” The above complications can also
occur in adult patient without adequate collateral pathways.

Surgical repair must be completed as early as possible due to the high mortality rate (up to
50%) and long-term sequelae, including persistent hypertension.’*?'°9 Open resection of the
aortic segment with anastomosis is the optimal surgical plan in young patients. Methods
such as subclavian flap angioplasty, synthetic patch repair, and graft interposition are
alternative treatment options.

Pseudocoarctation

Pseudocoarctation is a rare anomaly of the aortic arch characterized by segmental kinking or
buckling at the level of the aortic isthmus (Figure 28).% Different from true coarctation of the
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Figure 27. Coarctation of the aorta with a left aortic arch in a 52-year-old man. (A, B) Serial axial images and

3D volume-rendered CT angiographic images showing focal stenosis of the descending thoracic aorta (arrow).
Additionally, hypertrophy of both internal mammary, superior epigastric, intercostal, and lateral thoracic arteries
(arrowheads) is visible in the axial CT angiographic images. (C) Echocardiography shows a typical bicuspid aortic
valve with small raphe (arrows) between the right and left coronary cuspid valves.

CT: computed tomography.

aorta, hemodynamic obstruction (pressure gradient) or collateral circulation are absent.'*®
Although the etiology of pseudocoarctation is not clear, failure of compression and fusion

of dorsal roots and fourth arch segments have been proposed as the embryologic cause.*”
Almost all cases of pseudocoarctation are detected as isolated anomalies and incidentally
diagnosed without any clinical symptoms. However, in rare cases, when combined with aortic
aneurysm, surgical intervention is required due to the risk of rupture.'°9'%)

CONCLUSIONS

Aortic arch anomalies and variants are relatively uncommon; however, they have a wide
range of clinical symptoms ranging from life-threatening symptoms to no symptoms;
regardless, their detection is extremely important before undertaking procedures or making
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Figure 28. Pseudocoarctation of the aorta with a left aortic arch in a 69-year-old woman. (A, B) Serial axial
images and 3D volume-rendered computed tomography angiographic images show focal narrowing of the
proximal descending thoracic aorta (arrows) with aneurysmal dilatation (arrowheads) distal to the narrowed
portion. Aortic arch shows an elongated course without abnormal collateral vessel formation.

surgical decisions. To understand these complex variations of the thoracic aorta and their
accompanying clinical features, knowledge of the embryological development of the thoracic
aorta is important. Cross-sectional imaging modalities, especially multidetector CT, have
significant clinical advantages in terms of precise diagnosis and classification of aortic arch
anomalies based on 3D information and play an important role in the differential diagnosis
and detection of accompanying anomalies.
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