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CASE REPORT

Cardiac-MRI demonstration of the ligamentum arteriosum
in a case of right aortic arch with aberrant left subclavian
artery
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Right-sided aortic arch with aberrant left subclavian ar-
tery (RAA/ALSC) is the second most common medias-
tinal complete vascular ring. Adult presentation of dys-
phagia lusoria due to a RAA/ALSC is uncommon with INTRODUCTION

fewer than 25 cases reported in the world literature. Right-sided aortic arch with aberrant left subclavian ar-

The left lateral portion of this vascular ring is not a ves- tery (RAA/ALSC) is the second most common medias-
sel, pUt an atrgtlc ductus a,rterlqs_us’ _the_ ligamentum tinal complete vascular ring occurring in an estimated 1
arteriosum, which has been identified in different cases . L . . .

in 1000 individuals in the general population. This type

ﬁqse:’t]e sngJgglcgnfgo%f :);a’cchheei;]easn(:zlr:i?l?rﬁalaI‘ItFQIET(I)r;?J?r-I of vascular ring has a 10% association with intracardiac
' defects!"! (Figure 1).

allows the vessels to assume a less constricting pattern i i

decreasing dysphagic symptoms. Clear visualization A RAA may be asymptomatic. Adult-onset dysphagic
of the ligamentum arteriosum by diagnostic imaging ~ Symptoms are thought to be the result of early athero-
has not been obtained in previously reported cases. sclerotic changes of the anomalous vessels, dissection, or
We demonstrated, using magnetic resonance imaging, ~ ancurysmal dilatation with compression of surrounding
the location and the complete course of a left-sided ~ mediastinal structures, including the esophagus' *. Adult
ligamentum arteriosum in a patient with adult-onset ~ Ppresentation of dysphagia lusoria due to a RAA/ALSC
dysphagia due to a RAA/ALSC with a small Kommerell’ is uncommon with fewer than 25 cases reported in the
s diverticulum, providing, during the same session, a world literature®. The left lateral portion of this vascular
complete assessment of both mediastinal vascular ab- ring is not a vessel, but an atretic ductus arteriosus, the
normalities and esophageal impingement sites. ligamentum arteriosum, which has been identified in dif-

(49

Goieidenge  WIR | www.wijgnet.com 231 May 28,2012 | Volume 4 | Issue 5 |




Paparo F et a/. Cardiac-MRI demonstration of ligamentum arteriosum

ferent cases as the major cause of tracheo-esophageal im-
pingementll’ﬂ. The most common approach to a RAA/
ALSC vascular ring is a left posterolateral thoracotomy
which provides the best access to the middle and poste-
rior mediastinum. Surgical division of the ligamentum
arteriosum with dissection of mediastinal structures al-
lows the vessels to assume a less constricting pattern and
division of the retroesophageal artery is often unneces-
sarylHJ. Cross-sectional diagnostic imaging techniques
[magnetic resonance imaging (MRI), MR-angiography
and MDCT-angiography]| and digital angiography may
provide complete visualization of vascular rings, but a
clear demonstration of the ligamentum arteriosum has
not been obtained in previously reported cases” .

We demonstrated, using MRI, the location and the
complete course of a left-sided ligamentum arteriosum in
a patient with adult-onset dysphagia due to a RAA/ALSC
with a small Kommerell’s diverticulum, providing, during
the same session, a complete demonstration of both me-
diastinal vascular abnormalities and esophageal impinge-
ment sites.

CASE REPORT

A 74-year-old man presented with 1-year history of pro-
gressive dysphagia, first to solids, then to semisolids. His
physical exam was unremarkable and laboratory values

were normal. His medical history was negative for respi-
ratory and cardiac diseases. Chest radiography revealed an
abnormality of the aortic arch and descending thoracic
aorta, which was interpreted as a RAA with a right de-
scending thoracic aorta, and the diagnosis of a tracheo-
esophageal compression syndrome due to a vascular ring
was entertained. The patient underwent an MRI examina-
tion (Signa™ HDxt 1.5T, GE Healthcare) including three
consecutive parts:

MR-angiography of the aortic root and aortic arch
(cardiac-gated FIESTA sequences on coronal and
sagittal oblique scan planes)

The first vessel originating from the RAA (at the passage
between ascending aorta and RAA) was the left carotid
artery, which travelled anterior to the trachea. The RAA
then gave off the right carotid followed by the right sub-
clavian artery. The ALSC originated from a Kommerell’s
diverticulum, which represents the non-resorbed remnant
of the embryonic left fourth arch, placed at the point
of merger between the RAA and proximal descending
thoracic aorta. The distal descending thoracic aorta was
seen on the right-side of the spine and it had an abrupt
angulation to the left, just proximal to the diaphragmatic
hiatus (Figure 2).

Demonstration of location and course of ligamentum
arteriosum and its relationships with the tracheo-
esophageal bundle (cardiac-gated frFSE T2 weighted
sequence on axial and sagittal oblique planes)

The ligamentum arteriosum (non-functional vestige of
the ductus arteriosus) arose from the base of Kommer-
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Figure 1 Schematic drawing of the right-sided aortic arch with aberrant
left subclavian artery and left ligamentum arteriosum. The left ligamentum
arteriosum proximal attachment is represented by Kommerell's diverticulum
(KD) which is the broad base from which the aberrant left subclavian artery
originates. AA: Ascending aorta; LPA: Left pulmonary artery; LA: Ligamentum
arteriosum; LCA: Left common carotid artery; RSA: Right subclavian artery;
RCA: Right common carotid artery; T: Trachea; E: Esophagus.

ell’s diverticulum, just inferiorly from the origin of the
ALSC, and attached distally to the superior aspect of the
left pulmonary artery. The trachea and esophagus were
surrounded by the left common carotid artery anteriotly,
ascending aorta and proximal part of the aortic arch on
the right side, retroesophageal part of the RAA poste-
riorly, Kommerell’s diverticulum and left ligamentum
arteriosum on the left posterolateral and left lateral sides,
respectively. The entire course of the ligamentum was
demonstrated by a sagittal oblique frFSE T2-weighted
sequence (Figure 3).

Dynamic evaluation of the cervical and thoraco-
abdominal esophagus during swallowing of water
(sagittal oblique cine-FIESTA sequence)

The field of view of the cine-MRI sequence was placed
to simultaneously visualize the cervical and thoracic
esophageal segments, and distension of the esophageal
lumen was evaluated (Figure 4). This sequence has a
short acquisition time and it may detect fluids in motion,
such as a bolus of water, providing a series of image
frames.

During dynamic evaluation of the esophageal swal-
lowing phase a progressive distension of the esophageal
tract supetior to the RAA was noticed.

The water bolus was subsequently appreciated in
the esophageal lumen inferiorly to the proximal left
main bronchus. The dynamic sagittal oblique FIESTA
sequence was then repeated in an attempt to obtain dis-
tention of the mid-portion of the thoracic esophagus
passing through the vascular ring; however, it only dem-
onstrated a narrow passage for water without a significant
distension of the esophageal lumen.

DISCUSSION

Dysphagia lusoria is used to describe symptomatic ex-

trinsic compression of the esophagus from any vascular
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Figure 2 Cardiac-gated FIESTA images. A: Sagittal oblique cardiac-gated FIESTA image (A) demonstrating the right aortic arch above the right main bronchus (as-
terisk) and right main pulmonary artery; B, C: Coronal cardiac-gated FIESTA images showing the relationships between the RAA and Kommerell's diverticulum from
which the ALSC (large arrow in B) originates. The descending thoracic aorta courses on the right side of the spine and eventually turns on the left side to enter the
aortic diaphragmatic hiatus. Large arrow indicate aberrant left subclavian artery. AA: Ascending aorta; DTA: Descending thoracic aorta; *: Right main bronchus; RPA:
Right pulmonary artery; RAA: Right aortic arch; KD: Kommerell's diverticulum.

Figure 3 Four sequential frFSE T2-weighted cardiac-gated axial images (A-D) and sequence (E). A-D: The ligamentum arteriosum from its proximal attachment
on Kommerell's diverticulum (KD) to its distal anchorage site on the superior aspect of the left pulmonary artery (LPA) origin; E: The complete course of the ligamen-
tum arteriosum, which is appreciable anteriorly to the esophagus and trachea. Arrows indicate ligamentum arteriosum. VC: Vena cava; LBCV: Left brachio-cephalic
vein; T: Trachea; E: Esophagus; LCA: Left common carotid artery; AA: Ascending aorta; DTA: Descending thoracic aorta; ALSC: Aberrant left subclavian artery.

abnormality of the aortic arch, and was first described by and early childhood. Adult-onset dysphagia lusoria is
Bayford in 1787, who introduced the term “arteria luso- thought to be the consequence of fibrous transformation
ria” (after lusus naturae). of paratracheal and paraesophageal connective tissues to-
The most common embryologic abnormality of the gether with an age-related atheromatous proccss[w. The
aortic arch related to esophageal compression and dys- presence of an aneurysm of the ALSC or Kommerell’s
phagia lusoria is an aberrant right subclavian artery, which diverticulum may represent another cause of dysphagic
occurs in 0.5%-1.8% of the population. RAA, with or symptoms in these patients'”.
without an ALSC, is the second most common cause of In type I RAA, Kommerell’s diverticulum represents
dysphagia lusoria®, the broad base from which ALSC takes off and it also
Our patient had a type II RAA accordingly to Ed- offers proximal attachment to the left ligamentum arte-
wards!” (RAA with ALSC) with a left ligamentum arte- riosum, which is considered the left lateral aspect of the
riosum. This rare complete vascular ring has been well vascular ring .
described in the medical literature and represents 39.5% In adults, division of the ligamentum with dissection
of all right aortic arches. It is largely asymptomatic with of mediastinal structures allows the vessels to assume a
75% of symptomatic patients occurring mainly in infancy less constricting pattern, and surgical division of ALSC is
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Figure 4 Three sequential frames of a cine-FIESTA sagittal oblique sequence. A, B: Progressive distension of the esophageal lumen superiorly to the right
aortic arch (RAA); C: The water bolus is appreciable in the lower thoracic esophagus, but it was impossible to obtain a significant distention of the esophageal seg-
ment passing through the vascular ring formed in its left lateral inferior part by the ligamentum arteriosum. Arrowheads indicate ligamentum arteriosum. T: Trachea; E:
Esophagus; ALSC: Aberrant left subclavian artery; KD: Kommerell's diverticulum; DTA: Descending thoracic aorta; LPA: Left pulmonary artery.

frequently avoided" ™. The exact location and course of
ligamentum arteriosum have never been depicted by MRI
in previously reported cases. We used MRI to demonstrate
superior mediastinal vascular anatomy and the relation-
ships between abnormal mediastinal vessels, ligamentum
arteriosum and tracheo-esophageal bundle in our patient.

Dynamic evaluation of the esophageal swallowing
phase demonstrated two main impingement sites along
the esophageal course, the upper site was related to the
retroesophageal part of the RAA, the inferior site was due
to the left lateral compression by the ligamentum arterio-
sum.
Cine-MRI did not reveal severe stops along the esoph-
ageal course, but it was impossible to appreciate disten-
sion of the mid thoracic esophagus passing through the
vascular ting.

These imaging findings showed good correlation with
the mild-moderate dysphagic symptoms in our patient
(grade 2 dysphagia™).

Cine-MRI has not been previously used to evaluate
esophageal motility, and its ability to demonstrate esopha-
geal impingement sites requires to be assessed by more
extensive studies. In this case cine-MRI was very useful,
providing good visualization of the anatomical structures
surrounding the esophagus, which are not appreciable
with conventional barium studies.

The correct diet allowed the symptoms to be con-
trolled and the patient had an uneventful 12-mo follow-up
period. The patient’s conservative treatment did not allow
surgical correlation of MRI findings, and this probably
represents the most important drawback of our repott.

However, the hypointense band-shaped element we
identified on a cardiac-gated MRI sagittal oblique se-
quence (Figure 3) reflects the exact location and course
of the ligamentum arteriosum, as described in cadaveric
specimens, surgical procedure photographs and anatomi-
cal tables and drawings“'ﬂ.

The work-up of an adult patient with dysphagia, be-
sides a high index of suspicion, includes standard chest
radiography, barium esophagogram, esophageal manome-
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try and esophageal fiber-optic endoscopy. Cross-sectional
imaging techniques (MDCT, digital subtraction angiogra-
phy, MRI and MRA)">” are used to depict vascular rings
and aberrant vessels in dysphagia lusoria.

Plain film chest radiography and barium esophago-
gram are often the first approach in dysphagic patients.
However, these imaging modalities provide only indirect
findings and limited data. Barium esophagogram and
esophageal fiber-optic endoscopy may demonstrate lumi-
nal narrowing due to extrinsic esophageal compression
with an intact mucosa, excluding other causes of dys-
phagiaﬁm. Manometric investigation reveals nonspecific
abnormalities”. Digital subtraction angiography provides
complete and detailed information regarding mediastinal
vascular anatomy, however, extravascular structures are
not visualized. MDCT angiography is an established diag-
nostic imaging technique in the evaluation of many chest
vascular diseases and it may demonstrate the relationships
between abnormal vessels and the tracheo-esophageal
bundle”, but the ligamentum arteriosum is not appre-
ciable on CT images™.

The correct detection of anatomical structures re-
sponsible for esophageal impingement sites has a relevant
clinical utility, and good visualization of the complete
course of the ligamentum arteriosum may be useful for
the surgical planning of its division in patients with more
severe dysphagic symptoms.

We believe that MRI may represent an all-in-one
diagnostic tool to investigate dysphagia lusoria avoiding
both radiation exposure and the use of paramagnetic and
iodinated intravenous contrast agents.
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