Pediatric vascular rings and slings
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ascular anomalies of the aor-

tic arch and great vessels often

present in childhood with symp-
toms related to feeding difficulties or re-
spiratory issues. This review illustrates
the appearance of the most common aor-
tic arch anomalies using a multimodality
approach including radiography, fluoros-
copy, CT, and MRI. The specific enti-
ties that will be discussed include double
aortic arch, anomalous origin of the left
pulmonary artery, right aortic arch with
aberrant left subclavian artery, left aor-
tic arch with aberrant right subclavian
artery, and innominate artery compres-
sion. The different patterns of compres-
sion on the esophagus and trachea will
be demonstrated. Basic embryology
and surgical interventions will also be
reviewed.
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FIGURE 1. Double aortic arch. Lateral esophagram (A) shows posterior impression on the
esophagus (red arrow) and AP esophagram (B) demonstrates right (yellow arrow) and left-
sided impression on the esophagus (red arrow).

Double aortic arch

A double aortic arch results from
the persistence of the fetal aortic arch
system, which includes the right and
left fourth aortic arches. The ascend-
ing aorta divides into two branches,
which encircles the trachea and
esophagus, and then reunites on the
left to form the descending aorta.!
This anomaly is considered a true
vascular ring and produces the most
severe symptoms of all the vascular
rings. Infants may present with dys-

phagia or respiratory distress, while
there have been case reports of older
adults presenting with dysphagia.?
Imaging demonstrates posterior im-
pression on the esophagus and an-
terior impression on the trachea
(Figures 1, 2). Patients who are symp-
tomatic can undergo surgery where
transection is directed towards the
smaller arch. Of note, more than 80%
of patients with this vascular anomaly
present with a right-dominant aortic
arch.?

26 W  APPLIED RADIOLOGY’

www.appliedradiology.com

July-August 2019



PEDIATRIC VASCULAR RINGS AND SLINGS

FIGURE 2. Double aortic arch. Axial CT
image with |V contrast demonstrates double
aortic arch (red arrow) wrapping posteriorly
around the esophagus that has an enteric
tube.

FIGURE 3. Anomalous origin of the left pul-
monary artery. Axial CT image with IV contrast
shows the left pulmonary artery (red arrow)
coursing posterior to the trachea and anterior
to the esophagus (which has an enteric tube).

FIGURE 4. Anomalous origin of the left pulmonary artery. Axial MRI images at different lev-
els (A, B) demonstrate the left pulmonary artery (red arrow) arising from the right pulmonary
artery, which courses posterior to the trachea and anterior to the esophagus.

FIGURE 5. Right aortic arch with aberrant
left subclavian artery. AP chest x-ray shows
slight leftward mass effect on the trachea
(red arrow).

Pulmonary sling (anomalous origin
of the left pulmonary artery)

A pulmonary sling occurs from failure
of formation of the sixth aortic arch. The
left pulmonary artery instead arises from
the right pulmonary artery and traverses
right to left between the trachea and
esophagus. Clinical symptoms are re-
lated to narrowing of the right mainstem
bronchus and/or trachea, resulting in stri-
dor or atelectasis. Imaging findings typi-
cally demonstrate anterior impression on
the esophagus and posterior impression
on the trachea (Figures 3,4). There is a
high mortality rate without surgical in-
tervention. Repair of a pulmonary artery
sling consists of detaching the left pul-
monary artery off of the right pulmonary
artery and implanting it onto the main
pulmonary artery anterior to the trachea.*

Right aortic arch with aberrant left
subclavian artery

With this particular anomaly, there
is persistence of the right fourth aor-
tic arch with interruption of the dorsal
segment of the left aortic arch between

FIGURE 6. Right aortic arch with aberrant
left subclavian artery. Lateral esophagram
(A) shows posterior impression on the
esophagus (red arrow) and AP esophagram
(B) demonstrates right-sided impression on
the esophagus (red arrow).
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FIGURE 7. Right aortic arch with aberrant
left subclavian artery. Axial CT image with IV
contrast shows the aberrant left subclavian
artery (red arrow) coursing posterior to the
esophagus.

FIGURES 9. Left aortic arch with aber-
rant right subclavian artery. Axial CT image
(A) and sagittal CT image (B) with contrast
shows the aberrant right subclavian artery
(red arrow) coursing posterior to the esoph-
agus, which has an enteric tube.

the left carotid artery and the left sub-
clavian artery. 3> This vascular anomaly
infrequently produces symptoms. This
is a vascular ring in a majority of cases
(90%) secondary to the left ligamentum
arteriosum. There are a few types of right
aortic arches; right aortic arch with an

FIGURE 8. Left aortic arch with aberrant right subclavian artery. Lateral esophagram (A) dem-
onstrates posterior impression on the esophagus (red arrow) and AP esophagram (B) shows
left-sided impression (red arrow) from a normal left aortic arch.

FIGURE 10. Innominate artery compres-
sion. Sagittal MRI shows anterior compres-
sion of the trachea near the level of the
thoracic inlet (red arrow).

aberrant left subclavian artery (ALSA)
is the most common. This type is associ-
ated with a Kommerell’s diverticulum,
which refers to the bulbous origin of the
left subclavian artery, which represents
aremnant of the left dorsal aortic root.?
Chest X-ray typically demonstrates

an absent left aortic contour. Some-
times a right paratracheal mass may be
seen, which represents the right aortic
arch (Figure 5). Other imaging find-
ings include posterior impression on the
esophagus (Figures 6). Cross-sectional
images demonstrate the aberrant left sub-
clavian artery coursing posterior to the
esophagus (Figure 7). Surgery is rarely
performed because this infrequently pro-
duces symptoms. When performed, sur-
gery involves resecting the Kommerell’s
diverticulum and reimplanting the left
subclavian onto the left common carotid
artery .

Left aortic arch with aberrant right
subclavian artery

The embryology of this vascular
anomaly is similar to the right aortic
arch with aberrant left subclavian ar-
tery, with interruption of the dorsal seg-
ment of the right arch between the right
carotid and right subclavian artery.’
This is the most common aortic arch
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FIGURE 11. (A) Anterior impression on the trachea and posterior compression of the esophagus from a double aortic arch; (B) posterior
impression on the trachea and anterior impression on the esophagus from a pulmonary sling; (C) posterior impression on the esophagus from
a right aortic arch with an aberrant left subclavian artery and left aortic arch aberrant right subclavian artery; (D) anterior impression on the tra-
chea from innominate artery compression. lllustrations courtesy of Jonathan Ford, MD, USF Department of Radiology.

anomaly, with an incidence of 0.5-2%,
and is not considered a true vascular
ring.? This vascular anomaly is gener-
ally asymptomatic; however, a small
portion of patients may complain of
trouble swallowing, a condition known
as “dysphagia lusoria.” Chest x-ray typ-
ically is normal. Similar to a right aortic
arch with an aberrant right subclavian
artery, fluoroscopy demonstrates a
posterior impression on the esophagus
and cross sectional imaging shows the
aberrant right subclavian artery cours-
ing posterior to the esophagus (Figures
8.,9). Because symptoms are usually
minimal, surgical treatment is rarely
warranted.? If surgery is performed,
the aberrant right subclavian artery is
divided and anastamosed to the right
common carotid artery.’

Innominate artery compression
There is no error in development of
the aortic arch. This anomaly can occur
if the right innominate/brachiocephalic
artery originates more to the left of the
trachea than usual. As the artery crosses
midline and courses to the right, it can
cause anterior compression of the tra-
chea, especially if there is crowding
in this region. For example, if the thy-
mus is enlarged or more superior than

usual, this may alter the path of the in-
nominate artery.® It is also important
to note that this is not a true vascular
ring. If compression of the trachea is
severe enough, infants can present
with biphasic stridor and respiratory
distress. Radiographs are typically
normal; however cross sectional im-
ages can show anterior compression of
the trachea (Figure 10). If symptoms
are severe enough, surgical correction
is performed with reimplantation/sus-
pension of the innominate artery to the
sternum. This procedure is called an
“aortopexy.”?

Figure 11 reviews and illustrates the
patterns of compression on the esopha-
gus and trachea from the congenital
vascular anomalies described in this
article.

Conclusion

Pediatric vascular rings and slings
demonstrate characteristic patterns of
compression on images of the esopha-
gus and trachea. Some of these vascular
anomalies, such as right aortic arch with
an aberrant left subclavian artery and left
aortic arch with an aberrant right subcla-
vian artery, are clinically asymptomatic
and are incidentally found on imaging.
However infants with double aortic arch,

pulmonary sling, and innominate artery
compression often present with symp-
toms requiring surgical intervention. Fa-
miliarity with these entities is important
to ensure accurate diagnosis and man-
agement.
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