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ABSTRACT
The right aortic arch is a product of abnormal involution of the embryonic vascular
arches. In recent years, fetal diagnosis has become more frequent with the use of
routine ultrasonography of the heart and great vessels. The finding of a right aortic
arch involves many aspects that may affect the prognosis of the fetus; therefore, the
exhaustive study must be systematized. Below, we present a series of six cases of
prenatal diagnosis and suggest an evaluation algorithm.
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RESUMEN

El arco adrtico derecho es producto de la involucién anormal de los arcos vasculares
embrionarios. En los ultimos afios, el diagnéstico fetal se ha hecho mas frecuente
con la utilizaciéon de la ultrasonografia rutinaria del corazén y los grandes vasos.
El hallazgo de un arco adrtico derecho involucra muchos aspectos que pueden
afectar el pronéstico del feto; por ello, el estudio exhaustivo debe ser sistematizado.
A continuacién, presentamos una serie de seis casos de diagndstico prenatal y
sugerimos un algoritmo de evaluacion.

Palabras clave. Arco adrtico derecho, Anillo vascular, Ecocardiografia fetal.

INTRODUCTION

The normal formation of the aortic arch occurs during the embryonic
period from the involution of the pharyngeal vascular arches in a com-
plex process. The third arch forms the carotid arteries, the fourth arch
the aortic arch itself and the sixth the ductus arteriosus with the pul-
monary arteries. The laterality of the aortic arch is caused by the invo-
lution of the right arch. Alterations of the aortic arch involve not only
the laterality of the arch, but also the persistence of both arches, the
interruption of the arch and abnormalities in the birth of the cephalic
vessels, Right aortic arch (RAA) has an incidence of approximately 0.1%
of gestations. Fetal diagnosis in recent years has become more frequent
with the use of the ultrasonographic approach to the heart and great
vessels recommended by the International Society of Ultrasonography
in Obstetrics and Gynecology (ISUOG), which assesses crosslinking of
the great vessels in the superior mediastinum®2),

The finding of an RAA involves many aspects that may affect the prog-
nosis of gestation; therefore, the exhaustive examination should be
systematized. Below, we present a series of prenatal diagnostic cases
and suggest an evaluation algorithm.

CASE SERIES REPORT

The series of cases occurred over a period of 4 years. The main patient data
are abstracted in Table 1. For the diagnosis, fetal echocardiography with
Doppler was performed in all cases, for evidence of the shape of the vascu-
lar ring of the right aortic arch and to search for aberrant left subclavian ar-
tery (ALSA) or Kommerell's diverticulum (Figures 1 to 5). In the most recent
cases, STIC (spatio-temporal image correlation) technology was used for
three-dimensional reconstruction of the aortic arch, Kommerell's divertic-
ulum and aberrant left subclavian artery (Figures 3, 4 and 5).
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TABLE 1. MAIN CHARACTERISTICS OF FETAL CASES WITH RIGHT AORTIC ARCH.

| Cosenumber | 1 | 2 |

Maternal age (years old) 26 36
Ultrasonography indi- Suspected malfor- Suspected malfor-
cation mation mation
Gestatlonal age at diagno- % %
sis (weeRs)
Side of ductal arch Left Left
Vascular ring shape U U
Aberrant left subclavian Yes Not displayed
artery
[<ommerell's diverticulum Yes No

Cardiac isomerism
Left-sided vena cava

Cardiac isomerism.

: : Atrioventricular canal
Associated cardiac abnor-

i defect Tetralogy of Fallot
malities )
Anomalous pulmonary Aneurysm of right
drainage auricle
Sacral myelomenin-
) ocele
Extracardiac abnormal- ’ 9 .
o No Bilateral renal agenesis
ities
Alobar holoprosen-
cephaly
Small thymus Yes Yes
Neonatal confirmation Yes Yes

Perinatal outcome Early neonatal death Early neonatal death

DiscussioN

RAA is diagnosed by prenatal ultrasound in the
three-vessel and tracheal section of the heart
examination, the normal finding being that the
aorta and ductus arteriosus are on the left side

3 ] .+ | s ] 6 |
28 30 25 30

Suspected malfor-

Control Control . Control
mation
13 24 18 38
Left Left Left Left
(V] U U U
No Yes Yes Yes
No Yes Yes Yes
None None None None
Severe ventricu-
lomegaly
None None Bilateral facial fissure None
Unilateral microph-
thalmia
No No No No
Yes Yes No Yes
Asymptomatic, Asymptom- Asymptomat-
12 months atic, 9 month Fetal delivery ic, 3 months
follow-up follow-up follow-up

of the trachea. On the other hand, the right aor-
tic arch will be on the right side of the trachea,
closer to the superior vena cava®. It is neces-
sary to determine the side on which the ductus
arteriosus runs, since if it is on the right side,
the possibility of a vascular ring is minimal, but

FiGure 1. Case 1. A: VIEW OF VISCERAL SITUS WITH STOMACH ON THE LEFT SIDE; THE INFERIOR VENA CAVA IS NOT VISUALIZED. B: AXIAL SECTION AT THE LEVEL
OF 4 CARDIAC CHAMBERS, WITH SILHOUETTE ON THE RIGHT SIDE. C: DOPPLER SECTION OF 3 TRACHEAL VESSELS, SHOWING THE AORTA PASSING THROUGH THE
RIGHT SIDE OF THE TRACHEA. FIGURE 1. CASE 1. A: VIEW OF VISCERAL SITUS WITH STOMACH ON THE LEFT SIDE, THE INFERIOR VENA CAVA IS NOT VISUALIZED.

B: AXIAL SECTION AT THE LEVEL OF 4 CARDIAC CHAMBERS, WITH SILHOUETTE ON THE RIGHT SIDE. C: DOPPLER SECTION OF 3 TRACHEAL VESSELS, SHOWING THE

AORTA PASSING THROUGH THE RIGHT SIDE OF THE TRACHEA.
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FiGURE 2. CAsE 2. A: SECTION OF 3 VESSELS TRACHEA SHOWING THE AORTA PASSING THROUGH THE RIGHT OF THE TRACHEA. B: DOPPLER SECTION OF 3 VESSELS
TRACHEA FORMING A U-SHAPE WITH THE DUCTUS ARTERIOSUS AND THE TRACHEA IN THE CENTER. C: VIEW OF 4 CARDIAC CHAMBERS, SHOWING MARKED DILATA-
TION OF THE RIGHT ATRIAL APPENDAGE.

Pulmonary artery

Aortic arch

'
rd

Aneurysmatic
dilatation of
the auricle

Right

Right auricle

FiGure 3. Case 3. A: DOPPLER SECTION OF THE 3-VESSEL TRACHEA FORMING A U-SHAPE WITH THE DUCTUS ARTERIOSUS AND THE TRACHEA IN THE CENTER. B:
STIC RECONSTRUCTION OF THE 3-VESSEL TRACHEA WITH DoppLER. C: RECONSTRUCTION WITH STIC IN SAGITTAL VIEW FROM THE LEFT, SHOWING THE ENTRANCE
OF THE DUCTUS ARTERIOSUS IN THE RIGHT AORTIC ARCH WITHOUT VISIBLE KOMMERELL'S DIVERTICULUM.

Pulmonary artery

Right aortic arch

Arterial ductus

Arterial ductus Right aortic arch Arterial ductus

there is a greater association with other cardiop-  of the vessels will be seen (Figures 1C, 2A, 2B,
athies. On the other hand, if it is on the left side 3C, 5A). In our series, we found the ductal arch
(normal), there is a greater risk of forming avas-  on the left side in all cases studied, associating
cular ring (around the trachea and esophagus) in all of them the characteristic U-shape of the
and the characteristic U-shaped conformation  vascular ring®. Likewise, it is necessary to ex-
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FiGURe 4. Case 4. A: STIC RECONSTRUCTION OF THE 3 VESSELS TRACHEA VESSELS WITH DOPPLER, SHOWING THE U-SHAPE. B: STIC RECONSTRUCTION IN
FRONTAL VIEW OF THE RIGHT AORTIC ARCH, SHOWING A FIRST VESSEL CORRESPONDING TO THE LEFT CAROTID FOLLOWED BY THE RIGHT CAROTID. C: RECONSTRUC-
TION WITH STIC IN POSTERIOR VIEW OF THE AORTIC ARCH AND DESCENDING AORTA, SHOWING THE ENTRANCE OF THE DUCTUS ARTERIOSUS WITH THE KOMMERE-
LL'S DIVERTICULUM VISIBLE, FROM WHICH THE ALSA ARISES.
Aberrant left subclavian artery
Pulmonary artery Left carotid

o

.‘ ‘ Right ::frulid ¢
‘ = |

LY

Right aorta
i

. b

Arterial ductus Kommerell's diverticulum

Right aortic arch

FiGURe 5. CASE 5. A: DOPPLER SECTION OF THE 3-VESSEL TRACHEA FORMING A U-SHAPE WITH THE DUCTUS ARTERIOSUS AND THE TRACHEA IN THE CENTER. B:
CORONAL VIEW AT THE LEVEL OF THE DESCENDING AORTA, WHERE THE DILATATION OF KOMMERELL'S DIVERTICULUM CAN BE SEEN AT THE ENTRY OF THE DUCTUS
INTO THE AORTA AND HOW ALSA 15 BORN. C: RECONSTRUCTION WITH STIC IN POSTERIOR VIEW OF THE AORTIC ARCH AND DESCENDING AORTA, SHOWING THE
ENTRY OF THE DUCTUS ARTERIOSUS WITH THE KOMMERELL'S DIVERTICULUM VISIBLE, FROM WHERE ALSA ARISES.

Pulmonary artery

Aberrant left
subclavian i'tery

Right aortic

) =

[
Arterial ] \ Right acrtic arch

ductus

Kommerell's

diverticulum
Aberrant

left
subclavian
artery

Kommerell's +—— Descending aorta
diverticulum

tend the evaluation with the visualization of the  part of the aorta crossing behind the esophagus)
origin of the aortic vessels (the use of Doppler  and in the presence of Kommerell's diverticulum
is absolutely necessary), focusing on the search ~ (remnant of the involuted embryonic left aortic
in ALSA (artery that arises from the descending  arch, where the ductus arteriosus usually drains
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FIGURE 6. PROPOSED ALGORITHM FOR THE COMPREHENSIVE EVALUATION OF A
FETAL RIGHT AORTIC ARCH.

Right aortic arch
Without cardiac malformation Cardiac malformation

Establish the laterality of the arterial ductus

Genetic tests:

Right: major risk of
22q11.2 mutation,

cardiac malformation

Left: minor risk of cardiac
malformation

Evaluation of the anatomy of
aortic vessels Aortic vessels with mirror
image: major risk of

Search for the aberrant GErdlte melimeEiEn

subclavian artery and

s . Extracardiac
Kommerell”s diverticulum

malformations:
Facial dimorphism,
Without extracardiac palate
malformation defects, thymus
evaluation,
nephrourological
and gastrointestinal
malformations

Cardio-pediatrician’s
evaluation at birth and
monitoring of vascular ring sings

in cases of RAA or the aberrant left subclavian
artery has its origin)" (Figures 4C, 5B and 5C). Of
the 6 cases presented in this series, in 4 of them
it was possible to visualize ALSA associated with
Kommerell's diverticulum at its origin.

There are up to 5varieties in the birth of the vessels
of an RAA, but two are the most important in the
fetus™. The most frequent form is characterized by
aberrant left subclavian artery (ALSA) arising from
Kommerell's diverticulum, with little association
with added cardiac malformations, but which can
form symptomatic vascular ring (Figures 4B, 4C, 5B
and C). The second form in frequency is the variant
with mirror aortic vessels, with a high association
to cardiac malformations and little risk of forming
a vascular ring4. The evaluation of both varieties
requires great experience of the examiner. Three-
dimensional vascular reconstruction could also
be used for a more detailed analysis, by means
of spatio-temporal image correlation (STIC). We
recommend reviewing the algorithm published by
Wang for further evaluation®. Vigneswaran®, in
an extensive series of cases of isolated RAA (138),
reports 70 fetuses with a variant with mirror aortic
vessels and 5 with ALSA. In contrast, the data
published by Campanale” (37 fetuses) show 56%
of ALSA and only 10% of mirror aortic vessels.

The cardiac malformations frequently associat-
ed with RAA are conotruncal malformations, in-
cluding tetralogy of Fallot (especially the variant
with pulmonary valve agenesis); others are sep-
tal defects and isomerisms“#'. The series of 98
cases published by Miranda® graphs these data,
finding tetralogy of Fallot in 50% of cases, septal
defects in 11% and 8.5% of isomerism. Likewise,

these findings are consistent with the 50 cases
reported by Zidere!”. In our series, 2 of the cas-
es showed associated cardiac anomalies, in both
cases with isomerism (Table 1).

The prevalence of extracardiac malformations
associated with RAA is variable; it is reported
between 14.6% and 31%°'2. It is necessary to
point out that the association with extracardiac
malformations increases the risk of 22q11.2 de-
letion™. The extracardiac features that should
be looked for when 22q11.2 is suspected are
facial dysmorphisms, renal malformations and
thymus hypoplasiat™. For prenatal evaluation of
thymus hypoplasia we recommend the Chaoui
technique (thymus/thorax ratio)™. In accor-
dance with this prevalence, in two cases (40%)
extracardiac anomalies were evidenced, with
the first case presenting bilateral renal agenesis,
sacral myelomeningocele and allobar holopros-
encephaly; while in the second case bilateral
facial clefting, unilateral microphthalmia and se-
vere ventriculomegaly were found. In addition,
thymus hypoplasia was found in two cases, but
genetic testing was not performed (Table 1).

The association of RAA with chromosomopa-
thies is 9% overall; however, if only cases without
heart disease or extracardiac malformation are
considered, it decreases to 4.6%2. The study of
chromosome 22q11.2 deletion is recommended
if RAAis associated with other cardiopathies (es-
pecially conotruncal: tetralogy of Fallot, truncus
arteriosus, coarctation of the aorta), when find-
ing an absent/hypoplastic thymus and/or extra-
cardiac malformations (facial, soft palate, renal)
(5, Thus, Zidere, in a series of 75 cases with high
association to cardiopathies, found a 24% preva-
lence of 22g11.2 deletion®. The case is different
when finding an 'isolated' RAA, where the proba-
bility is 4%-8.5%, as shown in multiple series and
meta-analyses“61219),

The long-term prognosis in cases without other
malformations is determined by the symptom-
atology of the vascular ring, which is formed by
the right aortic arch, the left aberrant left subcla-
vian artery, and the left descending aorta with
the left ductus arteriosus, which finally joins the
left subclavian artery with the left pulmonary
artery. Although most children affected by vas-
cular rings are asymptomatic, the incidence of
respiratory or esophageal symptoms in the first
years of life in children with prenatal diagnosis
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of RAA varies between 13% and 25%“5'2'. Of
the 6 cases reported in our series, one of them
ended in fetal death, two had an early neona-
tal death, and the other three were followed up
postnatally between 3 and 12 months of life, be-
ing asymptomatic until the date of this publica-
tion (Table 1).

In conclusion, when aright aortic arch is found, it
is necessary to establish a detailed study and se-
quential study, in order to determine the perti-
nence of the genetic diagnostic tests, as we pro-
pose in the evaluation algorithm (Figure 6); this
will allow us to provide adequate counseling to
the mother on prognosis and follow-up at birth.
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