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ABSTRACT

The development of multidetector computed tomography has triggered a revolution in the study of the
aorta and other large vessels and has replaced angiography in the diagnosis of congenital anomalies of
the aortic arch, particularly vascular rings. The major advantage of multidetector computed tomography
is that it permits clear 3-dimensional assessment of not only vascular structures, but also airway and
esophageal compression. The current update aims to summarize the embryonic development of the
aortic arch and the developmental anomalies leading to vascular ring formation and to discuss the
current diagnostic and therapeutic role of multidetector computed tomography in this field.

© 2016 Sociedad Espaiiola de Cardiologia. Published by Elsevier Espaiia, S.L.U. All rights reserved.

Tomografia computarizada con multidetectores en las anomalias congénitas
del arco aortico: anillos vasculares

RESUMEN

El desarrollo de la tomografia computarizada con multidetectores ha supuesto una revolucion en el
estudio de la aorta y los grandes vasos y ha sustituido a la angiografia para diagnosticar las anomalias
congénitas del arco adrtico, en particular los anillos vasculares. La tomografia computarizada con
multidetectores ofrece la gran ventaja de que se puede evaluar nitidamente y en tres dimensiones no
solo las estructuras vasculares, sino también la compresion en la via aérea y el es6fago. Queremos hacer
un abordaje del desarrollo embriol6gico del arco adrtico y de las anomalias en su desarrollo que
determinan la formacion de anillos vasculares y ofrecer un enfoque actual del papel de la tomografia
computarizada con multidetectores para su abordaje diagndstico y terapéutico.

© 2016 Sociedad Espaiiola de Cardiologia. Publicado por Elsevier Espaiia, S.L.U. Todos los derechos reservados.

INTRODUCTION

Vascular rings (VR) are congenital developmental abnormali-
ties of the aortic arch consisting of vascular structures that encircle
and sometimes compress the airway and esophagus.' The term VR
was introduced by Robert Gross in 1948.2 The rings can be
complete, if the vascular structures fully encircle the airway and
esophagus, or incomplete, known in the literature as slings, if the
compression is incomplete (Table).! The most frequent congenital
malformations of the aortic arch—specifically, left aortic arch with
aberrant right subclavian artery (ARSA) and right arch with mirror-
image branching—only form rings in exceptional situations.

The exact prevalence of VR is unclear because most data have
been derived from historical series that collected data on
symptomatic patients. However, these structures are currently
often diagnosed in the prenatal period and are asymptomatic in
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both the neonatal period and later years.>~® The most frequent VR
are the double aortic arch (DAA) and the right arch with aberrant
left subclavian artery (ALSA). In the DAA, the left and right aortic
arches themselves compress the airway and esophagus. In the right
aortic arch (RAA) with aberrant subclavian artery (RAA with ALSA),
the compression is due to a retroesophageal course of the left
subclavian artery and to a ligament resulting from closure of the
left ductus arteriosus attaching the descending aorta (posterior) to
the pulmonary artery (anterior).

Congenital heart disease detection has improved in recent
decades due to greater diagnostic accuracy in the prenatal and
neonatal periods. The prevalences of the various heart diseases are
changing due to several factors, such as voluntary pregnancy
interruption and a higher number of pregnancies in older women
due to in vitro fertilization. Nonetheless, a recent study’ showed a
congenital heart disease prevalence of 67.7:10 000 live births,
similar to that of classical epidemiological studies,® and reported a
VR prevalence of 1:10 000 live births.” However, current fetal
series report a VR incidence of 1 to 1.5:1000.>° The conflicting
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Abbreviations

ALSA: aberrant left subclavian artery

ARSA: aberrant right subclavian artery

DAA: double aortic arch

KD: Kommerell diverticulum

MDCT: multidetector computed tomography
MRI: magnetic resonance imaging

RAA: right aortic arch

VR: vascular ring

figures suggest the presence of a wider disease spectrum, from
mild prenatally detected cases with a practically asymptomatic
clinical course*® to serious situations from birth with severe
breathing difficulty due to tracheal problems.>~°

The respiratory symptoms are secondary to compression of the
airway and can first manifest as severe respiratory distress
syndrome or marked inspiratory stridor. Less marked symptoms
can also be evident, such as bronchospasm or recurrent respiratory
infections. The symptoms of esophageal compression consist of
alterations in the swallowing of solids or liquids and are more
frequent in older patients, whereas respiratory symptoms are
predominant in infants.® '

The techniques traditionally used for the diagnosis of these
anomalies have been esophagography, echocardiography, and
angiography. Tracheoesophageal compression is both from left to
right and anterior to posterior for a DAA, whereas it is
fundamentally posterior if there is an aberrant left or right
subclavian artery. The compression zones can be visualized using
barium esophagography. Anterior esophageal compression is
characteristic of pulmonary artery slings because the left pulmo-
nary artery passes between the trachea and esophagus.®~'
Although echocardiography is systematically performed, it is not
the most useful technique because of its high false-negative rate,
particularly for an aberrant left or right subclavian artery. The
typical arrangement of the large vessels in a RAA mirrors that of the
left aortic arch, so that the first vessel is the left brachiocephalic
trunk. The clue for ultrasound diagnosis of an aberrant left or right
subclavian artery is the absence of a bifurcation of the first
supraaortic trunk, but imaging of this structure is difficult, even in
selected patients prenatally diagnosed with a VR.!"'? Angiography
is usually performed to confirm diagnosis but has been relegated to
the past by the noninvasive diagnostic capability of magnetic
resonance imaging (MRI) and computed tomography.'>~'°> Bron-
choscopy can be used to dynamically check for tracheal compres-
sion, as well as to rule out intrinsic disease of the airway.
Multidetector computed tomography (MDCT) not only permits
diagnosis of aberrant vessels, but provides clear images of the

Table
Types of Vascular Rings

Complete vascular rings Incomplete vascular rings

Double aortic arch LAA + ARSA

RAA with mirror-image branching
and posterior ligament

RAA with ALSA and left PDA
RAA with isolated LSA and right PDA

Descending aorta contralateral to the
aortic arch and contralateral PDA

RAA with mirror-image
branching

RAA with isolated LSA

Pulmonary sling

ALSA, aberrant left subclavian artery; ARSA, aberrant right subclavian artery; LAA,
left aortic arch; LSA, left subclavian artery; PDA, patent ductus arteriosus; RAA, right
aortic arch.

airway, as well as virtual reconstruction of the tracheobronchial

tree, enabling the selection of patients for preoperative bronchos-
13-15

copy.

The latest technique to be added to the VR diagnosis arsenal is
fetal echocardiography. Incorporation of the 3-vessel and tracheal
views!® and their widespread use in routine fetal heart screening
has facilitated the diagnosis of aortic arch anomalies in the
fetal stage.>~%°~12 The presence of RAA should suggest a possible
VR, particularly if ALSA is also present. The various prenatal
diagnosis techniques have achieved a high degree of diagnostic
a.Ccuracy.3—6,9712,17—19

MULTIDETECTOR COMPUTED TOMOGRAPHY

The image acquisition process of MDCT involves constant table
movement while the gantry continually rotates and emits X-rays.
The attenuation of the X-rays varies according to the density of the
different tissues and is received by X-ray detectors. In the final
image, consisting of an attenuation map, each pixel has a value
reflecting the composition of each tissue.?? Because the damage
caused by X-rays is directly related to age, the radiosensitivity of
growing organs, and the effect of the radiation accumulation until
adulthood, there is a stronger cause-effect relationship in
children.?°??> The aim is always to achieve the maximum
diagnostic benefit with the lowest possible radiation dose.!>?°-
22 In pediatric congenital heart disease studies, monomeric low-
osmolarity nonionic contrast agent at 300 mg/mL is used at a dose
of 1.5-2.0 mL/kg body weight.'>> The agent should be introduced
with a dual-head automatic injector, with an injection velocity
depending on the canalized vessel.

A single spiral image is typically obtained of the region from the
thoracic lid to the dome of the diaphragm, and acquisition begins
with automatic tracking of the bolus in the aorta. The recon-
structed volume is sent to the auxiliary console, equipped with
various predefined reconstruction algorithms and techniques:
aortic or cardiac, multiplanar, maximum intensity projection and
3-dimensional (3D) volumetry for vascular and multiplanar
structures, and surface rendering or virtual navigation to evaluate
the airway.'®

DEVELOPMENT OF THE AORTIC ARCH ANOMALIES.
EMBRYOLOGY

Vascular rings are secondary to alterations in embryonic
development occurring between the third and eighth weeks of
gestation, during the development of the thoracic aorta and the
main arterial trunks. Initially, the embryonic vascular network is
formed by 2 central vessels, the dorsal aorta and primitive ventral
aorta, connected to each other via 6 pairs of arches and
intersegmental arteries. Involution occurs of most of the first,
second, and fifth arches. The third aortic arches give rise to the
carotid artery. The ventral portion of the sixth arches gives rise to
the proximal pulmonary arteries. On the left side, the dorsal
contribution of the sixth arch gives rise to the ductus arteriosus.
The intersegmental arteries originate from the dorsal aorta and
form the subclavian arteries (Figure 1A).%%4

Edwards proposed a hypothetical model of the DAA in 1948
(Figure 1B).2°> The model shows an aortic arch and a ductus
arteriosus on each side with the dorsal aorta in the center. The left
and right supra-aortic trunks develop from the left and right aortic
arches, respectively. The carotid arteries are anterior and the
subclavian arteries are posterior. This model helps to explain both
normal development and potential abnormalities, which depend
on the location of the system interruption. It is still unknown why a
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Figure 1. A: Drawing of the embryonic branchial arches. B: Hypothetical model of Edwards. C: Normal regression (left aortic arch). D: Drawing of the left aortic arch.
AA, ascending aorta; DA, descending aorta; LCA, left carotid artery; LD, left ductus; LSA, left subclavian artery; PT, pulmonary trunk; RA, right arch; RCA, right carotid
artery; RD, right ductus; RSA, right subclavian artery; BCT,brachiocephalic trunk.

left arch develops during embryogenesis and not a right arch?® but artery and the descending aorta and the right ductus arteriosus
the arch is normally left in humans and is formed by regression of (Figure 1C). The trachea remains behind and to the right of the arch
the dorsal segment of the right arch, between the right subclavian and the left ductal ligament is in front and to the left of the arch

Figure 2. A-D (case 1): Computed tomography coronary angiography with 3-dimensional volumetric reconstruction; 4-year-old patient with Rubinstein-Taybi
syndrome with suspected double aortic arch, interventricular communication, and ductus arteriosus. A: Anterior view, right ascending aorta, double arch; small
ductal ampulla of the left aortic arch (arrow). B: Posterosuperior view, wide double aortic arch. C: Posterior view, right descending aorta, with slight elevation of the
right arch with respect to the left arch and a slightly smaller caliber. D: Reconstruction of the main airway; minor impact on the airway (arrowhead). E and F (case
2): 9-day-old patient. E: Left lateral view; left ductal ampulla (arrow). F: Trachea, right lateral view; the aortic double arch produces a critical tracheal stenosis
(arrowhead). G: Posterosuperior view; the caliber of the left arch is slightly larger than that of the right. AA, ascending aorta; DA, descending aorta; LCA, left carotid
artery; LPA, left pulmonary artery; LSA, left subclavian artery; RCA, right carotid artery; RPA, right pulmonary artery; RSA, right subclavian artery; RVA, right
vertebral artery.
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(Figure 1D). When the interruption occurs at another level, it gives
rises to a different vascular conformation that can produce a VR or
vascular sling.

TYPES OF VASCULAR RINGS
Double Aortic Arch

The DAA is the easiest ring to understand. It is simply explained
by the persistence of the embryonic system of Edwards (Figure 1B).
The ascending aorta is divided into 2 arches, right and left, which
encircle the trachea and esophagus and connect behind the
esophagus to form the descending aorta. Each arch independently
gives rise to the carotid arteries in front and the subclavian arteries
behind. The left ductus usually persists, becoming a ligament upon
closure. Persistence of the right ductus or both ducti is rare®
(Figure 2).

The 2 arches can be of a similar caliber or 1 can predominate,
typically the right. Regression can also occur of a vascular segment,
becoming a ligamentous structure. Such regression is more
common for the posterior arches, understood to be those between
the subclavian artery and the descending aorta (Figure 3). When
the left posterior arch completely regresses (Figure 3A and B), it is
difficult to distinguish the anomaly from a RAA with normally
associated vessels. In this case, there would be a common origin of

the carotid and left subclavian arteries in a common trunk (left
brachiocephalic artery) (Figure 4B and Figure 5),

Multidetector computed tomography provides a highly accu-
rate diagnostic view. The cranial view is the most realistic view of
the vascular structures of the ring and their compression.?’” The
smaller the space inside the ring, the earlier the onset and the more
severe the symptoms (Figure 2). Three-dimensional reconstruction
images are very useful for surgical planning; the ideal surgical
approach involves division of the smallest arch between the
subclavian artery and the descending aorta. Although most
patients require surgery, the area enclosed by the ring is
sometimes large, delaying symptom onset and deferring or even
obviating the need for surgery. Close clinical follow-up is required
because there have been reports of sudden death from severe
respiratory disease.?®

Right Aortic Arch

The RAA is the most common aortic arch anomaly. It is caused
by regression of the junction of the embryonic left arch and the
descending aorta (Figure 4). Its estimated incidence is between
0.086% and 0.1% of pregnancies in populations with a low risk of
congenital heart disease.>~61217-1929 It j5 ysually accompanied by
intracardiac malformations, mainly tetralogy of Fallot and
pulmonary atresia. Often, the RAA is associated with chromosomal

Figure 3. Computed tomography coronary angiography, 3-dimensional volumetric reconstruction. A and C: Posterosuperior view; deformities due to the possible
presence of a ligament in the left arch that closes the ring (arrows). B and D: Posterior view of the aortic arch with different degrees of regression of the left posterior
arch (*). E and F: esophagography showing secondary compression (small arrows).
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anomalies or extracardiac alterations, but it can also present in
isolation or with mild anomalies.!”~1°

Right Aortic Arch With Mirror-image Branching, Edwards Type |

This is the most frequent type of RAA. The left anterior arch
forms the right brachiocephalic trunk, which is anterior. The
embryonic right arch persists and forms a RAA, and the left ductus
becomes a ligament that remains anterior and does not normally
form a ring (Figure 4B).

Fetal series have shown its almost constant association with
complex intracardiac malformations and chromosomal anomalies,
particularly 22q11 deletion.>® Although RAA with mirror-image
branching does not usually form a ring (Figure 4B), it can on rare
occasions form a VR when there is a persistent ductus®2?%2°
connecting the right descending aorta with the pulmonary artery
(Figure 4D and Figure 5). The ductus would pass behind the
esophagus and run forward to connect with the pulmonary artery,
which is anterior. After birth, upon closure of the ductus, the ductal
ligament would close the VR and divert the trachea to the left,
compressing it (Figure 5).

In these situations, the posterior compression is not due to a
vascular structure, but to the ligament itself. Accordingly, no
vascular structure can be seen using MDCT (Figure 5). The
embryonic hypothesis would imply a regression of the left
posterior arch proximal to the attachment of the ductus
(Figure 4A and C).

Such a diverticulum of the posterior aorta could contribute to
ring formation (Figure 5). This formation is known as Kommerell
diverticulum (KD), named after the physician who made the first
nonpostmortem description of this structure in 1936.3° His
report involved a patient who presented with a left arch with
ARSA. The ductal ligament arises from the KD. This ligament is
not visible with MDCT because it lacks a vascular lumen but it
can produce a deformity in both the KD and the pulmonary
artery that reflects the attachment points of the ligament
(Figure 4C and Figure 5B and E). There may even be a persistent
ligament joining the descending aorta with the pulmonary
artery without evidence of KD in some patients with RAA with
mirror-image branching.?®?°

Right Aortic Arch With Aberrant Left Subclavian Artery, Edwards Type Il

The left subclavian artery forms as the last branch of the aortic
arch, is posteriorly located, and runs behind the esophagus to the
left arm.?® The ring is completed by the ductal ligament, which
joins the region of the descending aorta, where the left subclavian
artery (posterior) arises, with the pulmonary artery (anterior)
(Figure 4D and Figure 6). The junction of the left subclavian artery
and the aorta normally remains dilated and forms a KD, whose
presence indicates the existence of a ductal ligament at the apex of
the aorta directed toward the left pulmonary artery.

In some patients with RAA with ALSA and tetralogy of Fallot,
there might not be a KD and the structure is postulated to be due to

Figure 4. Embryonic development of the distinct types of right aortic arch. A and E: Hypothetical model; the regression of the segments of the left or right aortic
arches and ducti from various points (lines b-d, f, and g in A and E) lead to the formation of the distinct types of the right aortic arch (B-D, F, and G); B: Right aortic
arch with mirror-image branching and ductal ligament (without vascular ring); C: Right aortic arch with Kommerell diverticulum and vascular ring; D: Right aortic
arch with Kommerell diverticulum and aberrant left subclavian artery; F: Right aortic arch with isolation of the left subclavian artery and connection of this vessel
to the pulmonary artery; G: Right aortic arch with aberrant left subclavian artery and right ductus. AA, ascending aorta; DA, descending aorta; KD, Kommerell
diverticulum; LCA, left carotid artery; LD, left ductus; LSA, left subclavian artery; LVA, left vertebral artery; PT, pulmonary trunk; RA, right arch; RCA, right carotid

artery; RD, right ductus; RSA, right subclavian artery; RVA, right vertebral artery.
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Figure 5. Right aortic arch with mirror-image branching. A and B: Small dilatation at the left edge of the descending aorta (arrow). C and F: 3-dimensional
reconstruction of the airway with distal tracheobronchial compression indicated by the indent on the right aortic arch. D: posterior and lateral esophageal
compression. E: Small excrescences suggested in the superior edge of the pulmonary artery and aorta, indicating a ductal ligament (yellow arrows). AO, aorta;

T, trachea.

regression of the left ductus during gestation. Accordingly, there is
no ductal ligament or diverticulum, and no VR.°

The resulting ring of an RAA with ALSA is not as tight as that
produced by a DAA and is much less symptomatic. The severity of
the resulting tracheal and esophageal compression largely
depends on the dilatation of the KD. There are usually no
symptoms in newborns and infants.

A recently presented multicenter Spanish series®! studied
73 patients with a VR detected during pregnancy and showed, as in
other fetal studies, that most patients with RAA with ALSA have no
intracardiac malformations, in contrast to those with RAA with
mirror-image branching.®'21718 This former defect is occasionally
associated with chromosomal anomalies. The symptoms evident in
infancy are predominantly respiratory,”~!! whereas the predomi-
nant symptoms in adults involve dysphagia.>> There have also
been reports of aortic dissection®® and aortic rupture®* in adults.

Multidetector computed tomography (Figure 6) shows the
position of the aortic arch to the right of the trachea and spine,
indicates the presence of an ALSA, and can reveal the origin of the
ductal ligament, from the KD in this case. The technique also shows
the size of the ring and the degree of airway and esophageal
compression.

Surgery is indicated for symptomatic patients and involves,
at a minimum, resection of the ductal ligament via left
thoracotomy.>>3% Some groups have used thoracoscopy>’ for VR
division, although this technique has also been reported to have a
longer operative time with few benefits.>® As well as ligament
division, the diverticulum can be resected and aortopexy of the
aortic arch can be performed to avoid reoperations.>*>° Some
authors*®4! now recommend systematic diverticulum division
and resection of the left subclavian artery and its reanastomosis to
the left carotid artery because some patients in their series
required reoperation due to KD dilatation.*? Histological study
after primary diverticulum resection can indicate cystic medial
necrosis in up to 50% of patients, even in very young children,*! a
finding possibly related to later dilatation of the diverticulum, as
described in adults.??~34

The approach to asymptomatic patients is controversial
because the condition is usually diagnosed during pregnancy
and affected individuals can remain asymptomatic in the long-
term. Most centers perform some type of postnatal confirmatory
test of the VR, particularly echocardiography, but MRI has been
proposed due to the limitations of echocardiography. There is no
agreement on the indication for MRI in newborns diagnosed with
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Figure 6. Right aortic arch (RAA) with aberrant left subclavian artery (ALSA); 20-day-old patient with tetralogy of Fallot, with extracorporeal membrane
oxygenation cannulae. *: arterial and venous cannulae. A and B: RAA with ALSA. C: Kommerell diverticulum and severe tracheal hypoplasia. D and E: Left and
posterosuperior lateral view; excrescence of the superior edge of the pulmonary trunk and of the anterior edge of the left subclavian artery indicating ligament
presence (dotted line). C and F: Coronal and posterosuperior reconstruction of the airway and vessels. AO, aorta; E, esophagus; K, Kommerell diverticulum; LCA, left
carotid artery; LSA, left subclavian artery; PA, pulmonary artery; RCA, right carotid; RSA, right subclavian artery; T, trachea.

RAA with ALSA during the fetal stage. Magnetic resonance
imaging has been proposed for symptomatic patients and those
in whom the presence of VR cannot be confirmed by expert-
performed echocardiography.®*®> Additionally, MDCT with
radiation- reducing techniques can be indicated.'>?!?? Multi-
detector computed tomography offers major advantages due to
its better image quality and speed, as well as obviating the need
for patient anesthesia and being widely available. In addition,
MDCT shows the degree of airway involvement, thereby
providing general information on the degree of compression
and the possibility of unexpected complications in asymptom-
atic patients.

Right Aortic Arch With Isolation of The Left Subclavian Artery, Edwards
Type 111

This is the most infrequent of the RAAs. The left subclavian
artery is isolated from the arch and connected to the ductus
arteriosus. Its embryonic origin is due to interruption of the left
arch of the Edwards model at 2 sites: between the carotid and left
subclavian arteries and at the attachment of the left posterior
arch®4 (Figure 4E and F). These changes interrupt the connection

between the aorta and the left subclavian artery, which remains
connected to the pulmonary artery via the ductus (Figure 7).

This structure is usually associated with other cardiac
malformations, mainly patent ductus arteriosus and aortic
coarctation. The malformation is also associated with chromo-
somal anomalies, particularly 22q11 deletion. In these situations,
cerebral steal syndrome can occur via the circle of Willis. After
birth, the ductus can regress and the subclavian artery can become
disconnected from the pulmonary artery (Figure 7C and D), which
is why it is also known as isolated left subclavian artery. If the
ductus remains patent (Figure 7A and B) and is not stenotic, it can
be established as a descending channel from the left vertebral
artery to the pulmonary artery. When the ductus is closed
(Figure 7C and D), a channel has also to be established to the
subclavian artery via the circle of Willis and the left vertebral
artery.

An even more infrequent occurrence is isolation of the
brachiocephalic trunk, which would correspond to an involution
of the anterior segment of the left aortic arch, proximal to the origin
of the left carotid artery in the Edwards model (Figure 7E and F).
Color Doppler ultrasound of the neck vessels would show
retrograde flow in the left carotid artery in these patients, because



688 L. Garcia-Guereta et al./Rev Esp Cardiol. 2016;69(7):681-693

Figure 7. Right aortic arch with isolation of the left subclavian artery. A and B: Continuity of the distal left subclavian artery (LSA) with the ductus arteriosus.
Cand D: Anterior and posterior view, small Kommerell diverticulum and interruption of contrast agent flow (arrows). E and F: Isolation of the left brachiocephalic
trunk. E: Anterior view, hypothetical ductus arteriosus (arrow, dots). F: left lateral view, right aortic arch, ductal ampulla, and ductal ligament; small diverticula
indicating the presence of ligaments (arrows). AO, aorta; AV, azygos vein; DA, ductus arteriosus; E, esophagus; K, Kommerell diverticulum; LCA, left carotid
artery; LSA, left subclavian artery; LSVC, left superior vena cava; PA, pulmonary artery; RCA, right carotid artery; RSA, right subclavian artery; RSVC, right

superior vena cava; T, trachea.

the flow of the entire brachiocephalic trunk depends on a shunt
from the circle of Willis.*

Multidetector computed tomography can clearly show the
condition of the aortic arch, the presence or absence of the
ductus, and, thus, the connection of the left subclavian artery
with the pulmonary artery. It can also show the distance from
the isolated vessel, whether the subclavian artery or the
brachiocephalic trunk, to the aortic arch. Surgery is indicated
for subclavian steal syndrome and compressive symptoms and
should reconnect an isolated left subclavian artery to the left
carotid artery or an isolated brachiocephalic trunk to the
aortic arch.*®

Right Aortic Arch With Left Descending Aorta (Cervical Aortic Arch)

In this rare malformation, the proximal and distal aortic arches
are on different sides of the spine and the aorta crosses behind the
trachea and esophagus® (Figure 8).

ARAA with left descending aorta (Figure 8A-D) is more frequent
than a left aortic arch with right descending aorta (Figure 8E-G).
For a RAA, the first vessel is the left carotid artery, whose origin is in
the basal portion of the ascending aorta; the right subclavian and
carotid arteries develop from the apical portion of the arch. If the
arch has a supraclavicular position, it is known as a cervical aortic
arch®%” (Figure 8C and D). The aortic arch connects the right
ascending aorta with the left descending aorta, making a closed
downward curve to direct itself toward the left of the spine,
passing behind the trachea and esophagus. The left subclavian
artery arises from the descending aorta to the left of the spine.®4”~
49 There may be a KD on the left, from which a ductal ligament can
be directed toward the left pulmonary artery that closes the ring.

Patients with cervical aortic arch have a pulsatile neck mass and
its compression results in a characteristic decrease in the femoral
pulse.”® Patients do not typically have compressive symptoms and
do not usually require surgery. It has been associated with other
cardiac malformations and chromosomal alterations, particularly
22q11 deletion.*”~4!
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Figure 8. Case 1: right aortic arch with left descending aorta. A: Anterior view, 3-dimensional volumetric reconstruction; right arch and kinking of the left
subclavian artery (dotted line indicating the imaginary ductal ligament). B: Posterosuperior view; the aortic arch crosses behind the trachea and esophagus. Case 2:
right cervical aortic arch. C: Posterior view; superior aortic apex to the thoracic lid; deformity of the arch and the origin of the supraaortic trunks at the thoracic
level. D: Compression of the airway by the posterior aortic arch. Case 3: left ascending aorta with right descending aorta, aberrant right subclavian artery, and right
ductal ligament; 3-dimensional volumetric reconstruction. E: Posterior view; left aortic arch crossing toward the right in front of the spine and behind the
esophagus; right descending aorta. F: Right lateral view; deformity of the aortic arch due to the anchorage of the right ductal ligament in the right pulmonary artery.
G: Posterosuperior view; independent origin of the 4 supraaortic trunks. AA, ascending aorta; AAoA, anterior aortic arch; DA, descending aorta; LCA, left carotid
artery; LSA, left subclavian artery; PAoA, posterior aortic arch; RCA, right carotid artery; RSA, right subclavian artery.

Left Aortic Arch With Aberrant Right Subclavian Artery and
Right Ductal Ligament

In these patients, the right subclavian artery develops as the last
trunk at the junction of the aortic arch and the origin of the
descending aorta in a KD (Figure 9A and B). The VR is formed by the
ascending aorta in front, the aortic arch to the left, the aberrant
subclavian artery behind, and the persistent ductus arteriosus to
the right. Few cases have been reported.’

TYPES OF VASCULAR SLINGS
Left Aortic Arch With Aberrant Right Subclavian Artery

The ARSA is formed in an aberrant manner as the last vessel of
the arch and passes behind the esophagus and toward the right
arm. A sling is formed by the ascending aorta, the aortic arch to the
left, and the aberrant subclavian artery behind, without producing
a complete ring. The anatomy is mirrored with respect to a RAA

with ALSA but it is not usually accompanied by a diverticulum or
VR (Figure 9D).

The prevalence of ARSA in autopsy series®? ranges from 1% to
2%. However, a recent fetal series has reported a much higher
incidence.>® In addition, it is considered a marker of Down
syndrome. After various meta-analyses, the true prevalence of
ARSA has been estimated to be 23.6% in Down syndrome fetuses,
largely limited to those with intracardiac malformations associat-
ed with arch alterations, and 1.02% in euploid fetuses.>*°>

Most patients with ARSA are asymptomatic, except those with
associated intracardiac anomalies.”~'"*° Isolated cases are usually
detected by chance and surgery is not indicated. The condition can
sometimes be symptomatic, especially in adolescents or adults.’5~
58 Patients can have dysphagia due to esophageal compression and,
when accompanied by a KD, can have aneurysmatic dilatation that
produces compressive symptoms only evident in adulthood.>5~>8
Aortic dissection and secondary aortic rupture have also been
described.>®

Surgery in symptomatic patients involves release of the vessel
from its retroesophageal position, resection of the aneurysm, and,
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Figure 9. Hypothetical models and definitive diagrams. A and B: Left aortic arch with Kommerell diverticulum, aberrant subclavian artery, and right ductal
ligament. C and D: Left aortic arch with aberrant right subclavian artery and left ductus (without vascular ring). AA, ascending aorta; DA, descending aorta;
KD, Kommerell diverticulum; LCA, left carotid artery; LD, left ductus; LSA, left subclavian artery; PT, pulmonary trunk; RA, right arch; RCA, right carotid artery;

RD, right ductus; RSA, right subclavian artery.

ideally, reestablishment of the flow from the right subclavian
artery via its anastomosis with the right carotid artery. A right
thoracotomy approach should be used, particularly in infants.5%¢!
Hybrid repair techniques are also being used, such as percutaneous
aortic stent placement, percutaneous diverticulum closure, and
carotid artery bypass to the right subclavian artery.>?

Multidetector computed tomography'®!'!141563 permits the
diagnosis and identification of the origin and course of the artery,
the degree of compression produced, and the presence of an aortic
aneurysm, these are important data for surgery and obviate the
need for angiography.

Right Aortic Arch With Aberrant Left Subclavian Artery

Right aortic arch with ALSA originating from a KD often
produces a complete VR (Figures 4D and Figure 6). Less frequently,
it can give rise to a vascular sling, instead of a complete ring, which
would be formed by the ascending aorta in front, the aortic arch to
the right, and the aberrant subclavian artery behind, so that the VR
remains open. In these cases, it is not accompanied by a KD°.

Aberrant Left Pulmonary Artery or Pulmonary Sling

In this infrequent anomaly, the left pulmonary artery originates
from the proximal and posterior portion of the right pulmonary
branch and is directed to the left, passing between the trachea and
the esophagus, compressing both structures and forming a sling
(Figure 10). For its correct diagnosis, it is essential to show not only
the aberrant origin of the left pulmonary artery in the right
pulmonary artery, but also its anomalous course that hugs the

trachea.”'>%3 The anterior esophageal compression is a virtually
pathognomonic esophagography finding for this structure.

Morena et al®* were the first to discover an aberrant origin of
the left pulmonary artery on the right, but with an anterior course
from the trachea and esophagus without airway compression or
sling formation. This entity was subsequently named a pseudosl-
ing.°®> The development of MDCT has permitted the discovery of
cases of partial slings with a normal bifurcation of the pulmonary
artery supplying one of the lobes and an anomalous origin of the
artery of the other lobe in the right pulmonary artery with an
aberrant course, forming a sling.®®

Frequently, the pulmonary sling and airway abnormalities are
associated with abnormal bronchial bifurcation patterns, second-
ary tracheobronchial compression, and complete cartilaginous
rings (supplementary material).>%” Slings have been linked with
other cardiac disorders (septal defects, persistent ductus arter-
iosus, tetralogy of Fallot, aortic coarctation, and persistent left
superior vena cava) and extracardiac malformations.'%1°

All affected patients require an endoscopic study of the
tracheobronchial tree before surgery.’>®® Both computed tomog-
raphy and MRI are diagnostic, but the MDCT images and 3-
dimensional reconstructions of both the sling and the airway can
more accurately diagnose these anomalies.®*®” Moreover, MDCT
allows visualization of the airway and the vascular structures. The
study time of MDCT is much shorter than that of MRI and avoids
the need for general anesthesia and patient intubation, particularly
important because those affected are generally infants and
newborns in critical condition.

The surgical approach in sling®® patients usually involves
median thoracotomy with cardiopulmonary bypass, and preoper-
ative®7:%8 and intraoperative endoscopy is recommended to rule
out regions of persistent malacia after the vascular surgery and
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Figure 10. Pulmonary artery sling. Origin of the left pulmonary artery in the right pulmonary artery. A: 3-dimensional volumetric reconstruction of computed
tomography coronary angiography, posterior view. B: Posterosuperior view. C: 3-dimensional reconstruction of the airway; diffuse tracheobronchial stenosis.
D and E: Posterior and left lateral view of a 3-dimensional reconstruction of the vessels and airway showing all of the anatomic relationships; notice the left
pulmonary artery hugging the trachea (D). AA, ascending aorta; DA, descending aorta; LPA, left pulmonary artery; PA, pulmonary artery; RPA, right pulmonary

artery; T, trachea.

decide if there is a need for tracheal surgery and vessel
peXy.ll‘15‘35‘36'39'68

FINAL CONSIDERATIONS

In our experience,!>27:31:36:39.6469 |6\w_dose MDCT with multi-
planar and 3-dimenstional volumetric reconstructions is the most
complete technique for the study of VR. In symptomatic patients, it
aids in surgical planning and can even predict the need for further
tracheal surgery, which would require a multidisciplinary surgical
approach. Esophagography and angiography are now rarely
indicated, although their performance for other reasons may
indicate the presence of previously unsuspected anomalies.

Tracheal endoscopy is frequently included in the diagnostic
work-up of aortic arch anomalies. Multidetector computed
tomography provides clear images of the aortic arch and any
possible VR and their resultant airway compression and can often
avoid the need for bronchoscopy. The latter technique can be
reserved for the preoperative study of pulmonary slings, symp-
tomatic or more complex cases, and intraoperative imaging. In
those anomalies involving an ARSA or ALSA, identification is
required of vascular structure dilatations compatible with KD
because they would indicate a complete VR possibly requiring

surgery. Their absence, particularly in cases associated with other
congenital cardiac malformations, should call into question the
presence of a VR.

Currently, developments in fetal echocardiography techniques
are revealing a high incidence of aortic arch malformations
potentially giving rise to VR. Although many of these abnormalities
are asymptomatic, it would be wise to confirm their diagnosis in the
postnatal period. Given that echocardiography has little diagnostic
value in aortic arch anomalies, MRI or low-dose MDCT have become
the ideal techniques for this indication. Many authors recommend
clinical follow and MRI only for symptomatic patients.>'”1%43 [n
our center, low-dose MDCT is performed to confirm or rule out
suspected prenatal VR,'> because this technique provides the most
complete information and is the most readily available in the
Spanish health care system. This imaging modality allows
confirmation of the diagnosis and correct evaluation of the degree
of airway involvement, as well as preventive surgical planning for
asymptomatic patients but with severe involvement of the airway.
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