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ABSTRACT: Right aortic arch (RAA) is an abnormal embryologic development of the aorta characterized by its
descendance on the right side of the trachea. This anomaly is accompanied often by other intracardiac and
extracardiac anomalies and it is also known for potential association with genetic aberrations, most common being
22q11.2 deletion. The aim of the study was to evaluate the incidence of chromosomal anomalies and in particular
22g11.2 deletion in RAA. Moreover, we assessed the prognosis of fetuses with isolated RAA. Our second objective
was to evaluate the prevalence of hypoplastic or absent thymus in RAA fetuses diagnosed with 22q11.2 deletion. We
conducted a retrospective study of all fetuses with RAA over a period of 10 years diagnosed prenatally in a tertiary
referral center in Romania. A detailed ultrasound was obtained in each case. We extracted the cases that were
investigated genetically and selected the cases positive for 22q11.2 deletion. These fetuses were followed up until
pregnancy termination or birth to confirm the ultrasound findings. Deletion 22q11.2 was present in 23.52% (4/17)
cases. The incidence was particularly high when the fetuses presented a small thymus. In conclusion, we believe that
all cases of RAA, including when isolated, should be referred for genetic testing and especially 22q11.2 deletion
exclusion. Also, we suggest considering hypoplastic thymus to be a soft marker for this deletion.
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Introduction

Right aortic arch (RAA) is a congenital heart
defect (CHD), a structural anomaly of the aortic
arch, where the arch crosses the trachea and
descends to its right. This abnormal laterality
can be diagnosed sonographically on the three
vessel and trachea view (3VT) during fetal
anomaly scan, as early as the first trimester. The
origin of this anomaly lays in the abnormal
regression of the embryonic aortic arches [1,2].

The incidence of RAA is reported around
1/1000 low risk pregnancies [1,3,4]. The
rationale for RAA prenatal diagnosis is to
recognize the cases at risk for postpartum
mediastinal compressive complications (tracheal
and/or esophageal compression) [5] and more
important, cases at risk for cardiac, extracardiac
and genetic anomalies, given the frequent
associations [5-9].

RAA represents 5% of the total cases of
CHD and the number of cases is increasing
gradually due to the modern fetal
echocardiography methods [9,10]. In one large
cohort study, RAA was present in 3.6% of the
individuals  diagnosed  postpartum  with
22011.2DS that also associated a CHD [11].

Other studies suggest the prevalence of iRAA
to be around 9%-12% [12] in 22ql11.2DS
postpartum/adulthood symptomatic cases and a
prevalence of 3.8% when diagnosed prenatally
[13]. The difference between the two prevalence
values signals a need to increase testing rates for
22011.2 deletion antepartum, especially when a
CHD is suspected.

This study focuses on the association
between RAA and chromosomal abnormalities,
particularly  22g11.2  deletion  syndrome
(22911.2DS). Another point of interest is the
incidence of these genetic diseases in isolated
RAA (iRAA) and non-isolated cases of RAA in
our center, in comparison with other tertiary
institutes. We define RAA as isolated if it does
not associate other cardiac (C) or extracardiac
(EC) abnormalities.

DiGeorge syndrome, defined by the 22q11.2
deletion, is associated with a development
anomaly of the 3™ and 4" aortic arches. It
represents a serious health problem because it
causes a wide range of anatomical defects:
frequent congenital heart defects, hypoplastic or
absent thymus and parathyroids, face defects
(eye anomalies, micrognathia, cleft palate),
musculoskeletal anomalies, psychiatric and
neurological complications (seizures,
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development delay), cerebral, respiratory tract
and renal anomalies [14-16].

Even if our study group is narrow, the
thoroughness with which each case was
investigated is a strong asset of our study and
provides important information for clinicians.

Material and Methods

We conducted a retrospective study over a
period of 10 years (2012-2021) in the Obstetrics
and Gynecology Clinics of the Emergency
County Hospital, Craiova, Romania.
Approximately 11 500 pregnant women were
examined in this period of time in this tertiary
center. The indications for the fetal examinations
were: first trimester screening, first or second
trimester morphological scans, other routine
fetal scans and second opinion scans for referred
pregnancies suspected with a fetal pathology.

The aortic arch and ductus arteriosus were
imaged in relation to the trachea in the standard
three vessels and trachea (3VT) view, in line
with the recommendations of the International
Society of Ultrasound in Obstetrics and
Gynecology [17]. The thymic-thoracic ratio was
obtained after measuring the anteroposterior
thymic and the intrathoracic mediastinal
diameters in the 3VT view.

When fetal RAA was diagnosed, the couple
was counseled for extensive sonographic and
genetic investigations. All parents agreed to
participate in further scientific studying and
written consent was obtained in the medical
files. The parents were offered amniocentesis
followed by karyotyping and 22g11.2 evaluation
using fluorescence in situ hybridization (FISH)
analysis of metaphase chromosome with specific
22q11.2 probes. Some parents chose extended
chromosomal microarray analysis (CMA) on
their own cost, as well. The latter investigation
was not covered by standard medical services in
Romania, thus having important economic
limitations.

Right aortic arch cases were divided in
3 categories, according to the genetic test
results: normal genetic result, 22q11.2DS
positive and other genetic anomalies. The
fetuses were also divided according to the type
of RAA: type | (RAA with right ductus
arteriosus-DA), type Il (RAA with left DA) and
DAA and also in isolated and non-isolated cases.
All the cases were followed until delivery or
termination of pregnancy for confirmation of the
anatomic status by neonatal evaluation or
pathology results.

Results

During this period of time, we diagnosed 19
cases of RAA. The study group included double
aortic arch (DAA) cases as well and consisted of
17 singleton pregnancies and two fetuses from
twin pregnancies. The incidence of RAA in this
study group was 0.165%. One patient was lost to
follow-up after first trimester diagnosis (RAA
associated with complex CHD and alobar
holoprosencephaly), the couple chose pregnancy
termination by elective curettage in another
center. Another couple refused genetic testing
and gave birth to a living fetus with a favorable
postnatal evolution. The remaining 17 couples
accepted further sonographic evaluations, fetal
echocardiography and prenatal invasive testing.

Figure 1 presents the distribution of the
fetuses with RAA based on the genetic results.
Out of the 19 cases, 17 were tested for
chromosomal anomalies.

In ten cases the results came back normal,
one case had multiple microdeletions
(1p33 microdeletion, 4g32.1 microdeletion,
10926.3 microduplication, 12p.11.21
microduplication, 14qg.2 microduplication and
17p11.2 microdeletion), one case involved
trisomy 18, one case presented mosaicism
47,XY [ 46,XY and 4 cases were diagnosed with
22011.2 deletion. The incidence of 22911.2DS
in our study group was 23.52%.

The characteristics of the fetuses diagnosed
with 22g11.2DS are presented in Table 1. The
four cases diagnosed with 22911.2DS were as
following: one fetus with RAA type |, two
fetuses with RAA type Il and one fetus with
DAA. All fetuses were diagnosed in the second
trimester at a mean gestational age of 21 weeks
and 5 days. Two fetuses (50%) associated
Tetralogy of Fallot (TOF) and the other 2 fetuses
had an isolated RAA (no other C anomalies). In
Figure 2 we present a case of RAA type | with
TOF. Regarding EC anomalies, hypoplastic
thymus was the most common, present in three
cases (75%). In Figure 3 we present a case of
thymic hypoplasia diagnosed antepartum. One
fetus presented hypoplastic nasal bone. No other
EC anomalies were discovered in the 22911.2DS
cases. Three couples decided upon termination
of pregnancy and the autopsies confirmed RAA,
hypoplastic thymuses and in the case with a
hypoplastic  nasal bone,  cranio-cerebral
dysmorphism was noted as well. The fetus that
was birthed alive had a good postnatal evolution.
It was the only 22g11.2DS positive fetus with a
normal thymus that underwent surgery for
correction of TOF and had a good outcome.
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19 RAA cases

One case lost to follow up

One case excluded
(declined genetic testing)

10 normal genetic 4 cases 22ql1.2 One multiple microdeletions
results deletion One trisomy 18
One mosaicism

47 XY, +mar[15]/46, XY[38]

Figure 1. Genetic results of fetuses diagnosed with RAA.

Figure 2. Presenting a case of RAA type | with TOF. A) Normal 4 chamber view; B) Overriding Aorta with
Ventricular Septal Defect; C) Right aorta with right ductus arteriosus.
RAA-right aortic arch; TOF-Tetralogy of Fallot; RA-Right Atrium; LA-Left Atrium; RV-Right Atrium;
LV-Left Atrium; Ao-Aorta; P-Pulmonary artery; DA-Ductus Arteriosus; DAo- Descending Aorta.

Figure 3. Presenting a hypoplastic thymus diagnosed using thymus-thoracic measurement in a fetus with
double aortic arch.
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Table 1. Characteristics of the fetuses diagnosed with 22q11.2 deletion. (RAA: right aortic arch; TOP:
termination of pregnancy; TOF: Tetralogy of Fallot; CHD: congenital heart disease; DAA: double aortic arch).

Type | Associated Associated Gees‘taétlaq[nal
of intracardiac | extracardiac diag nosis Outcome of pregnancy
RAA anomalies anomalies g
(weeks)
Hypoplastic ToP
1 1 nfalrshalnt;ﬂr;e 20 The autopsy confirmed RAA, cranio-
hypc)leIasia cerebral dysmorphism and a small thymus.
Thymus Top . -
2 | TOF hvooplasia 23 The autopsy confirmed the CHD association
ypop and a small thymus.
TOP
3 DAA hThgT;ssia 22 The autopsy confirmed the DAA and the
ypop small thymus.
Live birth
Postnatal confirmation of RAA and TOF.
4 I TOF 22 Surgical treatment for TOF. Favorable
postnatal evolution.
_ ] Literature data suggests that 15,3 to 30% of
Discussions RAA cases associate chromosomal

Our study group is not to be considered a
low-risk pregnancy population, since the
research has been conducted in a tertiary referral
institution. The incidence of RAA in our study
was found to be 0.165%, a value similar to those
reported in other studies, ranging from 0.05% to
0.18% [1,8,18-22] in the general population and
as high as 0.35% to 0.6% [9,23,24] in high-risk
population. Thus, the incidence in our group can
be considered at the high end of the prevalence
interval of low-risk groups or of medium-risk.

The prevalence of 22911.2 deletion in the
general population is considered around 9.6-37.5
per 100,000 live births [25]. This deletion is
present in 11.9% of fetuses with conotruncal
heart defects, the most frequent being: TOF,
DORYV (double outlet right ventricle) and RAA
[16]. It is also important to mention that out of
all 22q11.2 deletion cases, 48.5% to 74% cases
associate some form of CHD [11]. Another
study reports that 92% of the fetuses diagnosed
with DiGeorge syndrome associates a
conotruncal heart defect, 86% thymus
hypoplasia and 34% urinary tract anomalies
[14]. Therefore, when a CHD is diagnosed
antepartum, including RAA, the pregnant
woman must be offered genetic counseling and
testing using fetal karyotyping and FISH
technique for the exclusion of 22q11.2 deletion.

In our study group, the incidence of
chromosomal anomalies and 22q11.2DS in
fetuses diagnosed with RAA was 41.17% (7/17)
and 23.52% (4/17), respectively. Half of the
fetuses positive for 22q11.2DS associated TOF.

abnormalities [6,9] and up to 30% of IRAA
cases are 22911.2DS positive [6]. Another
author published a very different incidence for
chromosomal anomalies in iRAA and non-
iRAA: 3,7% of iRAA associate a genetic
anomaly, compared to 19,4% of non-iRAA that
associate a genetic anomaly [9]. The same study
highlights  the increased incidence  of
extracardiac anomalies in non-iRAA compared
to iIRAA (39,4% vs. 11,1%). The incidence of
extracardiac anomalies associated with 22911.2
deletion was reported lower in iRAA compared
to non-iRAA [26,27]. In our study group, we
had two cases of IRAA that associated
extracardiac anomalies and two cases of non-
iRAA (both with TOF) of which one associated
extracardiac malformations. Our results do not
confirm the literature findings, but our group is
too small to be statistically important on its own.
However, the awareness of these genetic and
structural cardiac associations is important
because it provides important information for
genetic counseling and prenatal ultrasound scan.

When detecting an iRAA, counseling parents
towards genetic testing can be difficult.
However, despite the high cost, CMA should be
suggested in these cases. This method represents
the only way to detect microdeletions and should
be the first-tier test, rather than 22q11.2 deletion
specific FISH and karyotyping. The relative risk
for pathologic CMA results in iRAA cases
varies between 4.56% (95% CIl 2.05-10.13,
p<0.001)[28] and 6.32% (95% CI 2.83-14.10,
p<0.001) [29].
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One limitation of this small study group is
the fact that we cannot establish if there is a
higher risk for 22q11.2 incidence in the three
different types of RAA (with right DA, left DA,
or DAA). Two cases presented type Il RAA, one
case type I RAA and one case DAA. The
incidence was higher for type Il RAA (2/4
cases), but the small number of cases does not
allow for statistical interpretation.

In other studies the incidence of 22g11.2
deletion in DAA was 0% [30] and therefore,
these authors do not consider an isolated DAA at
risk for chromosomal abnormalities. In RAA
type | and Il the data is conflicting, but the
general belief is that type | has a higher risk for
abnormal genetic results [19,31].

However, we strongly recommend, based on
our experience and on the data extracted from
the literature, genetic testing, especially CMA,
in all cases of RAA, including.

One important finding of our work was the
association of 22g911.2DS in RAA cases with a
small thymus. Out of the four cases included
into this study, three had hypoplastic thymus
(75%). All three cases were terminated and the
anomalies were confirmed at autopsy. Searching
the literature, we highlighted that a small thymus
is highly correlated with 22g11.2 deletion. One
study had a 100% rate of association between
22011.2 deletion and thymic hypoplasia, all
cases of deletion presented this extracardiac
anomaly and all cases of RAA that were 22g11.2
negative had normal thymuses [7].

The same study cites a higher incidence of
220911.2DS when extracardiac anomalies are
present and considers the small thymus as a soft
marker for this deletion. When we reevaluated
our initial study group, the 19 RAA cases, the
three cases that associated 22011.2DS with
thymus hypoplasia were the only cases with
abnormal thymuses. Therefore, we support the
affirmation that a hypoplastic or absent thymus
represents an important marker for 22q11.2DS
in RAA cases.

DiGeorge syndrome associates CHD and
small thymus in approximately 90% of fetuses
and infants, the TT ratio defining a small thymus
when it is less than minus two standard
deviations [7,32-34].

This calculation has a 96% sensitivity, 95%
Cl 0.79-0.99 and if normal, reduces the risk of
22011.2 by 90% [7,32].

Assuming that hypoplastic or absent thymus
is an indicator for 22q11.2DS testing, the
diagnosis criteria involves a lower thymus-
thoracic (TT) ratio, less than 0.25 [16,32].

Albeit limited, the available experience
concerning the TT ratio in DiGeorge syndrome
is highly important and can guide the
practitioner towards a fair prognosis and correct
management, especially in low-income countries
or populations, where a limited genetic testing,-
karyotyping and FISH for the exclusion of
22911.2 deletion, is not always available for
RAA cases detected antepartum.

RAA has also a high risk of dysphonia and
dysphagia due to tracheal and esophageal
compression, especially in cases of DAA and
RAA with a left DA [5,9,35].

Some authors highlight the concomitance of
22011.2DS with superior airway tract anomalies
in 70% of children diagnosed with this deletion,
most important being the enlargement of the
trachea and larynx and subglottic stenosis [36].

In our limited study group, we did not
discover cases that associated RAA, 22q11.2DS
and superior airway tract anomalies. The
neonate who associated RAA, TOF and
22q11.2DS, did not present tracheal or
esophageal compression symptoms after birth.
However, these manifestations might occur in
the following years, during childhood. The fetus
was born in 2018 and until present days we did
not receive data from the parents that might
suspect these complications. It is important to
mention that an extended follow-up, over a
period of at least 10 years postpartum would be
beneficial for a thoroughly investigation and
accurate antenatal prognosis of the fetuses
detected with this chronic illness.

Conclusions

We believe that this study demonstrates the
need for invasive testing in all cases of RAA,
including iRAA, because of the significant
incidence of 22g911.2 deletion associated with
these cases. Karyotyping and exclusion of this
deletion should always be offered. CMA is also
recommended, but the costs involved may limit
the addressability, especially in low-resources
settings.

A small or absent thymus represents a
reliable marker for DiGeorge syndrome in
fetuses with RAA and when detected 22911.2DS
testing should be recommended. The TT ratio
can be easily obtained during fetal anomaly scan
and is considered pathological when it is less
than minus two standard deviations or less than
0.25.
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