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Abstract

Introduction: This study aimed to determine the prevalence of chromosomal
anomalies in fetuses with isolated and non-isolated aberrant right subclavian
artery (ARSA)andto evaluateitsassociation with other congenital anomalies.
Methods: From 1 June 2021 to 1 June 2023, 47 ARSA cases were di-
agnosed by prenatal ultrasound in our hospital. The fetuses were divi-
ded into isolated ARSA group and non-isolated ARSA group. Among
the 47 fetuses, 15 were characterized in the isolated group and 32 with
combined other ultrasonic abnormalities in the non-isolated group.
General information, ultrasound presentation, chromosomal findin-
gs, and birth and pregnancy outcomes were reviewed retrospectively.
Results: In the non-isolated ARSA group, 17 cases (53,1%, 17/32) were as-
sociated with congenital heart defects, and 8 cases (25 %, 8/32) were associ-
ated with extracardiac abnormalities. Chromosome karyotype analysis was
performed successfully with all 23 samples, and a total of 8 abnormalities (17
%, 8/47) were detected, including 7 cases of trisomy 21, and 1 case of trisomy
18. Single-nucleotide polymorphism array was performed in these 5 cases.
Microdeletion was detected in four cases, but one of the arrays was reported
normal. Using SNP-array and karyotype analysis in fetuses with ARSA,
the total chromosomal anomaly detection rate was found 25.5 % (12/47).
Conclusion: The most common malformation accompanying ARSA
is cardiac abnormality. Isolated ARSA has a low risk of chromoso-
mal abnormalities, so invasive chromosomal testing is not recom-
mended. Non-isolated ARSA has a high incidence of chromoso-

mal abnormalities, so early karyotyping should be recommended.
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Introduction

Aberrant right subclavian artery (ARSA) is a
congenital anomaly of the aortic arch that can be seen
in approximately 2 % of healthy individuals.'? ARSA
may be part of a complex heart malformation or gene-
tic syndrome or anormal vascular variation. Normally,
the right subclavian artery arises from the brachiocep-
halic trunk. In contrast, ARSA originates superior part
of the descending aorta and distal to the left subclavi-
an artery. ARSA becomes the last branch of the aortic
arch and passes behind the esophagus and trachea to
the right arm. The aberrant artery forms a U-shaped
loop with the descending aorta. Due to this structural
anatomical difference, ARSA may press on the neigh-
boring structures of the trachea and esophagus in new-
borns or infancy, and may cause many symptoms inc-
luding dysphagia, respiratory distress, and stridor.**

Owing to the advances in prenatal ultrasound
diagnosis techniques employed, an increasing num-
ber of fetal structural malformations are being di-
agnosed. These advances can help clinicians create
effective diagnosis and treatment plans, reduce ad-
verse pregnancy outcomes, and prevent birth defe-
cts.” Fetuses with ARSA are at high risk for triso-
mies and copy number variation (CNV) and prenatal
ultrasound can accurately diagnose fetal ARSA.S 7 8
In this study, we aimed to analyze and provide in-
formation on the relationship between genetic etio-
logy, postnatal outcomes, and prognosis of ARSA
associated with isolated and/or complex anomalies.

Material and Methods

Clinical data for patients who presented to
the Turkish Ministry of Health Ankara Bilkent City
Hospital at the Perinatology Clinic with ARSA du-
ring ultrasound examination between 1 June 2021
and 1 June 2023 were evaluated retrospectively.
The present study protocol was approved by the
institutional ethics committee in suitability with the
principles of the Declaration of Helsinki and appro-
ved by Ankara City Hospital Clinical Ethics Com-
mittee (Date: 21-06-2023, Number: E2-23-4352).
Pregnant women with multiple pregnancies, and pe-
rinatal outcomes unknown were excluded from the
study. After the participants signed the informed con-
sent form, chorion villus sampling, amniotic fluid,
or cord blood was collected for karyotype analysis
and/or single nucleotide polymorphism (SNP) array
based on different gestational weeks. Prenatal other
cardiac and/or other ultrasound abnormalities in fe-

tuses were collected. The cases were divided into the
isolated ARSA group (n=15 cases) and the non-iso-
lated ARSA (ARSA combined with other ultrasonic
abnormalities) group (n=32 cases). All ultrasonog-
raphic measurements were performed by at least
two perinatologists while the patient was looking.
Fetal ultrasonography examination of all partici-
pants was evaluated using Voluson E10 (GE Medi-
cal Systems) ultrasonography device and a 3.5 MHz
convex transducer (GE C2-9-D) transabdominal
probe was used for the measurements. Evaluations
were carried out in accordance with practice guide-
lines.’,” ARSA leaves the descending aorta, the jun-
ction of the aortic arch and the ductal arch, passes
between the trachea and the vertebrae, and extends
towards the right shoulder. Ultrasonic view of fetal
ARSA is shown in Figure 1. Pregnancy outcome and
postnatal development of all cases with ARSA were
followed from hospital records and/or by telephone.

Figure 1. Ultrasound View of Fetal ARSA
Abbreviations: ARSA, aberrant right subclavian
artery; MPA, main pulmonary artery; ARCH,
aortic arch; T, trachea.

Statistical analysis

Statistical analyses were conducted using the
Statistical Package for the Social Sciences (SPSSv. 25,
IBM, SPSS for Windows, NY:IBM Corp.). Categorical
variables are presented in numbered and percentages.

Results

The fetuses were divided into isola-
ted ARSA group and non-isolated ARSA group.
Among the 47 fetuses, 15 were characterized in
the isolated group and 32 with combined other ult-
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Table 1. Fetuses with non-isolated ARSA (n=32)
Classification

MNumber of fetuses

Intrawterine Growth Restriction 1
Polyhydrammos 1
Urogenital System
Hypospadias 1
Cressed fused renal ectopia 1
Combined with Congenital Heart Defects
Ventricular septal defect 7
Left aortic arch 1
Right aortic arch 1
AVSD
TGA 1
DOEV 1
Thymus hypoplasia 3
HLHS 3
Mitral dvsplasia 2
Interrupted aorta 1
Anevrisma of foramen ovale 1
Ulirasonographie soft markers
Eenal pyeleciasis 3
Chorowd Plexus Cyst 4
Smgle umbilical artery 3
Echogenie Cardiac Focus 3
Clinodactyly 1
Central Nervous Sysiem
Corpus callosum agenesia 1
Cavum vergas 1
Ventriculomegaly 2
Congenital Diaphragmatic Herma 3
CPAM 1
Clefi lip 1
Omphalocele 1
Umbilical cord cyst i
EBosophageal atresia 1
Pleural effusion 2
CGrastrointestinal duplication cyst 1
Abbreviations: ARSA, aberrant right subclavi-
an artery; AVSD, atrioventricular septal defe-

ct; DORV, double outlet right ventricle; HLHS,
hypoplastic left heart syndrome; CPAM, con-
genital pulmonary airway malformation.

rasonic abnormalities in the non-isolated group.

In the non-isolated group, 17 cases (53,1%,
17/32) were associated with congenital heart defe-
cts, and ARSA.® cases (25 %, 8/32) were associa-
ted with extracardiac abnormalities. Fetuses with
extracardiac anomalies were associated with diaph-
ragmatic hernia in 3 cases, congenital pulmonary
airway malformation (CPAM) in 1 case, eosopha-
geal atresia in 1 case, corpus callosum agenesia in
1 case, hypospadias and crossed fused renal ectopia
in 1 case, and gastrointestinal duplication cyst in 1
case. It was together with other ultrasonographic soft
markers in 7 cases (21.8 %, 7/32). The most com-
mon anomaly in fetuses with congenital heart defects
is ventricular septal defect (14.8 %, 7/47) (Table 1).

Inthe non-isolated group, 6 patients terminated

the pregnancy. Pregnant women numbered 1 and 11
shown in Table 2, gestational week at birth was 31 and
34 weeks of gestation, respectively. Other pregnant
women’s gestational week at birth were at the term,
and the primary cesarean section rate was 25% (8/32).
On the other hand, the gestational week at birth of all
pregnant women in the isolated group was at term,
and the primary cesarean section rate was 26% (4/15).

Chromosome karyotype analysis was perfor-
med successfully with all 23 samples, and a total of 8
abnormalities (17 %, 8/47) were detected, including 7
cases of trisomy 21, and 1 case of trisomy 18 (Table 2).

Normal chromosomal karyotype analysis was
reported in 12 cases in the non-isolated group. SNP
array was performed for 5 of these fetuses. 22q11.2
deletion was reported for 3 cases (3/5), 11q24.2q25

Table 2. Karyotype analysis detected in fetus with
ARSA

Cace Karvotype SNP-Array Ultraconie phenovype Perinaral
analyais(CNV) DU DS
1 47, X* +21 AREA, pleural effusion, ventricular septal FPostnatal
defect Rl
2 47, X%, +21 ARSA, complet strioventicular segial defect  Poetnatal
axitug
47, X*, +H ARZA hilsteral clinodactyly, cavim vesgae,  TOF
penmembranows ventricular sepfal defect
4 47, X* +21 AREA, abaent nasal bone, hyperschogenic TOP
cardiac focos, ventricular septal defect
¥ 47, Xe, +21 ARSA abaent nasal bone, hyperachogenic TOP
bowel, single umbilical srtery
i 47, X%, +21 AREA, complete afrioventricular septal Postnatal
defect, nmbilical cord cyst, umbilical heenia, xRl
pingle tmilical artery. tilateral clenched hand,
thyenue ypoplasia, syndzciyly, abcent
gallbladder
1 47, X* ARSA eosophageal atvesia, polvhydramanics,  Postnatal
pouch sign exitus
g 47, X%, +18 AREA, otnphalocels, clenched hand, rocker- TOP
hottom foat, choroid plexs cyet
] 46, X* 22gl1.2 deletion ARSA double outlet right ventricle
m 46, X* 20gl1.2 deletion  ARSA, interrupted scatic arch, TOP
enmembrancus ventncular septal defect
1 46, X* 21gl1.2 deletion ARBA, thymus hypoplasia, mitral valve Postnatal
dyaplasia, itrterrapted aortic arch, sevens XLt
tricuspid vahve reguagitation
1z 46, X* 11524 2925 AFREA pleural effuzion, ventricular segial
deletion defect
13 46, X* ARZA diaphragmatic hernia, bilateral cleft ip - TOF
and palate, mlet ventnenlar septal defect
14 46.M* AREA, Transposition of the great arteries,
Hrpmus hypoplasia
15 46, X* Normal AFREA, hypoeplastic left hea, acrtic arch Postnatal
hvpoplasia, persistent left superior vena cava,  exitus
cystic bygroma
16 46, X* AREA, congenital pulmonary ainvay
malfermaticn
17 46.X* AFRSA deal awesis gactrointesiini
duplication cyst
18 46, X* AREA, crossed-fimsed renal ectopia, choroid
plexms cyat
1] 46, X* ARSA, ventricular septal dafact,
hyperechopenic cardiac foroe, hyperechozenic
bowel
1 46, X* ARSA, polyhydramnios, hypospadias
b | 46, X* ARZA(isolated)
iz 46, X* AREA[isolated)
3 46, X* AREA(inolated)

Abbreviations: CNV, copy number variant; ARSA,
aberrant right subclavian artery; TOP, terminati-
on of pregnancy; SNP, single nucleotide polymorp-
hism; NCK, Normal Constitutional Karyotype.
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deletion was reported for 1 (1/5) case and normal ar-
ray was reported normal for 1 (1/5) case (Table 2).

In the isolated ARSA group, 3 pregnant wo-
men performed prenatal invasive testing and no ch-
romosomal abnormality was detected (Table 2).

In the non-isolated case group, 12 preg-
nant women did not have prenatal diagnosis
tests. No chromosomal anomaly was found in
any of these 12 cases in postnatal evaluation.

Using SNParray and karyotype analysisin fetu-
ses with ARSA, the total chromosomal anomaly detec-
tionratewasfound25.5%(12/47)asobserved(Table3).

Table 3. Phenotypic characteristics of 47 fetuses
with ARSA

Number of fetuses ~ Number of pathogenic

CNV and/or SNP array

Fetuses with isolated ARSA 15 0(0 %)

Fetuses with non-isolated ARSA 32 12(37,5 %)

Total 47 12(25,5 %)
Abbreviations: ARSA, aberrant right su-
bclavian artery; CNV, copy number vari-
ant; SNP, single nucleotide polymorphism.

Discussion

With the development of ultrasound techno-
logy and the improvement in the understanding of
fetal ARSA, the rate of prenatal detection is incre-
asing day by day. In some studies, ARSA has been
closely associated with chromosomal abnormalities,
and trisomy 21 has been reported in these cases.'""?In
this study, chromosomal abnormalities were detec-
ted in eight cases by karyotype analysis. However,
in four cases with ARSA with additional abnormal
ultrasound findings and no chromosomal abnor-
mality detected, SNP array was used and detected
microdeletion. Conventional karyotype analysis can
detect chromosomal fragment abnormalities above
a certain size, whereas SNP-array sequence can de-
tect smaller and lower copy number abnormalities as
well as normal copy number abnormalities.'*'* The-
refore, SNP array may provide additional benefits
and be more advantageous in the etiological detec-
tion of fetuses with isolated or non-isolated ARSA.

Some researchers have reported cases of tri-
somy 21 in fetuses with isolated ARSA. Therefore,
they suggest that ultrasound can be used as a soft
marker for prenatal screening of ARSA fetal chromo-

somal abnormalities and prenatal chromosomal exa-
mination, even if isolated.'>'®!” Conversely, other stu-
dies do not recommend invasive prenatal testing for
fetuses with isolated ARSA unless accompanied by
additional ultrasound abnormalities.'® It has been re-
ported in previous studies that the presence of ARSA
increases the risk of trisomy 21 syndrome.'* In this
study, trisomy 21 syndrome was detected in seven fe-
tuses with ARSA with additional abnormal ultrasound
findings, consistent with previous studies. Four of the
fetuses diagnosed with trisomy 21 died due to additio-
nal severe anomalies in the postpartum period. Three
pregnant women, who were found to have ARSA and
whose chromosome analysis was reported as trisomy
21, decided to terminate the pregnancy. In this study,
trisomy 18 syndrome was detected in one fetus with
ARSA and additional ultrasound finding such as omp-
halocele, clenched hand, rocker-bottom foot, choroid
plexus cyst, and pregnacy was terminated in this case.

ARSA is also associated with 22qll de-
letion syndrome .>' The Di-George syndrome is a
multisystemic condition that features cardiac mal-
formations, velopharyngeal insufficiency, hypopa-
rathyroidism with hypocalcemia, and thymic apla-
sia with immune deficiency .>>** Three fetuses with
ARSA were also diagnosed with 22ql11.2 in this
study. There were additional fetal cardiac anoma-
lies in these cases. One pregnant decided to termi-
nate, and one of the fetuses died after delivery. The
other case with a diagnosis of 22q11.2 and a doub-
le outlet right ventricle additional cardiac anomaly
continues to be followed up by pediatrics and was
operated by cardiovascular surgery after delivery.

11q deletion, also known as Jacobsen synd-
rome, is a disorder of developmental delay, growth
retardation, thrombocytopenia, dysmorphic features,
cardiac abnormalities, and other congenital anoma-
lies.>* In our study, 11q24.2q25 deletion was detected
with SNP array in one case with ARSA, pleural effusi-
on, and ventricular septal defect. Prognosis and gene-
tic counseling were given to the patient in the prenatal
period and the patient decided to continue the pregnan-
cy. The follow-up continues in the postnatal period.

Non-invasive prenatal screening tests with a
high accuracy rate for chromosomal abnormalities can
be offered as an alternative for patients with abnormal
ultrasound findings and who do not want to perform
an invasive test.>> Non-invasive prenatal screening
test was performed in 5 of 12 cases in the non-isolated
group, and all of the results were reported as low risk.
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One study reported that ARSA may be the
only ultrasound finding in trisomy 21 as well as
Di-George and Turner syndrome. Therefore, it was
emphasized that ARSA screening should be a part
of fetal anatomical evaluation, and standard karyo-
typing and FISH analysis should be recommended
in patients even with isolated ARSA.* In our study,
in isolated group, four patients who did not want to
perform invasive test had non-invasive prenatal sc-
reening test and the results were reported as low risk.
Similarly, no abnormal chromosomal anomaly was
found in the postnatal evaluations of isolated patients.

Our study also has some limitations. The
relatively low number of cases can be conside-
red as the main limitation. Mutations in a sing-
le gene can also be the cause underlying ARSA.
Therefore, in the future, the methodology can
be improved by adding whole-exome sequen-
cing analysis with multicenter high-case groups.

Conclusion

ARSA is a common soft ultrasound marker.
Fetuses with isolated ARSA have a low probability
of being detected with pathogenic chromosomal kar-
yotype. Conversely, when ARSA is non-isolated and
observed with other ultrasound abnormalities, the
risk of pathogenic chromosomal karyotype analysis
is increased remarkably. It should be informed that
the possibility of chromosomal anomaly is low in iso-
lated ARSA cases, there may be an abnormal analysis
result, it is an ultrasonic soft marker, and an invasi-
ve test can be performed if desired. In these cases,
prenatal genetic counseling and SNP array should
be recommended to better assess fetal prognosis.
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