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Abstract 
Objective: Our objective was to evaluate the accuracy of the prenatal diagnosis and the relation between the type of right aortic arch (RAA) 
with other intra- or extracardiac (EC) and chromosomal anomalies. Methods: A retrospective, observational study was conducted between 
2011–2020 in a Romanian tertiary center. All RAA cases, including double aortic arch (DAA), were extracted from the databases and studied 
thoroughly. Results: We detected 18 RAA cases: five (27.78%) type I (mirror image, “V” type), 11 (61.12%) type II (“U” type), and two (11.10%) 
DAA cases. Heart anomalies were associated in 38.89% (overall), 60% (type I), 36.37% (type II), and 0% (DAA) cases. Tetralogy of Fallot 
represented the most prevalent cardiac malformation (in 22.23% of cases). EC anomalies were present in 44.44% of fetuses (20% of type I, 
54.55% of type II, and 50% of DAA cases). Genetic abnormalities were found in 41.17% of pregnancies, with 22q11.2 deletion in 23.53%. 
55.55% of the cases had a good neonatal evolution and 44.45% of the pregnancies were terminated. An overall good outcome of pregnancy 
was noted in 40% of type I RAA, 63.64% of type II RAA, and 50% of DAA cases. All RAA cases examined in the first trimester were correctly 
diagnosed. Conclusions: RAA can be accurately diagnosed and classified by means of prenatal ultrasound since early pregnancy. A detailed 
anatomy scan and genetic testing, including 22q11 deletion, should be offered to all pregnancies when RAA is discovered. When isolated, 
RAA associates a good outcome, indifferently the anatomical type. 
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 Introduction 
Right aortic arch (RAA) represents a congenital 

cardiovascular malformation caused by a disruption in 
the embryonic development around the 21st day of the 
intrauterine life, when the formation of the endocardial 
tube begins [1]. This malformation is characterized by 
an abnormal laterality of the aorta and therefore of the 
origin of the brachiocephalic arteries. Thus, these vessels 
will lie to the right of the trachea [2], leading sometimes 
to tracheoesophageal compression [3]. The antenatal 
diagnosis of RAA is important, not only because of this 
possible respiratory or digestive complications, but also 
because it should trigger an alarm, due to the potential 
association with cardiac and extracardiac (EC) abnormalities 
and chromosomal defects [4]. 

The incidence of the RAA is relatively low, about 0.1% 
in low-risk pregnancies [2, 5–7]. It is one of the least 
diagnosed congenital heart disease [2], probably because 

of its isolated nature [8] and the apparent normal “V” sing 
when both the aortic arch and the ductus arteriosus (DA) 
are to the right of the trachea (type I RAA). However, 
the diagnosis of this aberrant branching is reported as 
feasible [3, 9], based on the systematic evaluation of the 
three vessels and trachea (3VT) view, part of the cardiac 
sweep that is recommended during the routine pregnancy 
anomaly scan [10, 11]. 

The antenatal diagnosis of RAA is important, due to 
the potential associated abnormalities and the complications 
it can trigger, esophageal and tracheal compressions with 
dyspnea and dysphagia [6]. It appears important to recognize 
the RAA type to properly counsel the couple regarding the 
pregnancy outcome [9]. 

Aim 

The aim of this study was to review and evaluate the 
fetuses diagnosed in our Center with RAA in the past  
10 years. We took into consideration the association of 
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RAA with other congenital anomalies and chromosomal 
defects when evaluating the outcome of the pregnancy. 
These data are important to help practitioners counsel 
correctly and balanced the parents when the fetus is 
diagnosed with a certain type of RAA. The second purpose 
of the study was to determine the incidence of RAA and 
its subtypes in our Center, over a long period of time, and 
associate the pregnancy outcome with these anatomical 
types. The literature report wide variations for incidence 
rates and variable outcomes depending on the type of RAA. 
Therefore, the present study emphasizes the incidence 
and prognosis of each type separately. In conclusion, we 
conducted an evaluation of the outcome in relation with 
the type of RAA, given the controversial prognosis for 
some RAA cases, especially type I [12]. 

Embryology and types of RAA 

The normal aortic arch is orientated posteriorly and 
to the left of the trachea, and together with DA form the 
well-known “V” sign on the 3VT plane discussed earlier. 
Classically, the RAA is defined by a “U” sign formed 
by the transverse view of the aortic arch, heading to the 
right of the trachea, and meeting the left DA behind the 
trachea. This appearance in the absence of the “V” sign 
raise a great suspicion of an aortic arch anomaly, more 
exactly, a RAA [13]. 

In 1948, Jesse E. Edwards, an American cardiologist, 
introduced a theory which states that all aortic arch 
anomalies are caused by disruptions in the embryonic 
formation of the five pairs of pharyngeal arches [14]. 
These arches are the origin of most of the head, neck and 
thorax arteries, including the aortic arch, the subclavian 
arteries and the carotid arteries [13]. The embryological 
arterial system consists of five pairs of primordial 
pharyngeal arches. Each arch associates a cranial nerve 
and an artery. The aortic arches arise from the aortic sac 
and they are situated in the mesenchyme of the pharyngeal 
arches. These five pairs of aortic arches are numbered  

I, II, III, IV and VI because the Vth pair never develops 
or regresses early on. During embryological development, 
the disposition of these symmetrical arteries changes and 
some of these vessels disappear completely [15]. 

The aortic arch evolves from the 4th pair of aortic 
arches and the pulmonary arteries – from the 6th pair.  
A connection appears between the two primitive aortas 
that form the 4th arch and the pulmonary arch, on both sides, 
known as the left and the right DA. The two primitive 
aortas form a ring around the trachea and esophagus.  
A second ring around these structures is formed by the 
left and right DA. This is the normal embryological 
arterial system and disruptions at this level will lead to 
congenital heart and great vessels anomalies [16]. In normal 
development, the right arch regresses and become the 
origin of the right subclavian artery. The left side will 
form the aortic cross. The right DA regresses and the 
left DA remains functional during fetal life and will 
become the arterial ligament after birth [15]. 

A RAA develops when the right side of the 4th pair 
of aortic arches persists and it can be classified in three 
categories (Figure 1) – RAA with mirror image branching 
(right DA, type I – “V” sign), RAA with left DA (type II – 
“U” sign), and double aortic arch (DAA). The first type 
of RAA is characterized by the involution of the left arch 
and the persistence of the right one which communicates 
with the pulmonary trunk through the right DA and 
forms a “V” sign on the 3VT view to the right of the 
trachea, hence the name of this type. The difference 
between type I and type II of RAA is that in type II  
the communication between the aortic arch and the 
pulmonary trunk is made through the left DA which 
persists as the right DA involutes. The confluence of the 
RAA associated with a left DA will appear as a “U” sign 
in the 3VT plane. In the DAA, both right and left aortic 
arches persist as a vascular ring around the trachea and 
esophagus with either the left or the right, or even both 
DA [9]. 

 
Figure 1 – (A) Normal embryological development and involution (with dotted lines) of the six pairs of aortic arches 
(noted with Nos. from 1 to 6); (B) Normal LAA with LDA; (C) RAA with RDA – type I; (D) RAA with LDA forming 
Kommerell’s diverticulum – type II; (E) DAA surrounding the trachea and esophagus. Ao: Aorta; DA: Ductus arteriosus; 
DAA: Double aortic arch; DAo: Descending aorta; E: Esophagus; LAA: Left aortic arch; LCA: Left common artery; 
LDA: Left ductus arteriosus; LP: Left pulmonary artery; LSA: Left subclavian artery; P: Pulmonary trunk; RAA: Right 
aortic arch; RCA: Right common artery; RDA: Right ductus arteriosus; RP: Right pulmonary artery; RSA: Right 
subclavian artery; T: Trachea. 
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Chromosome anomalies associated with RAA 

RAA is often associated with chromosomal anomalies. 
The most frequent genetic anomaly is the 22q11.2 deletion, 
which is specific for DiGeorge syndrome [17]. Thus, 
microarray-based comparative genomic hybridization 
(aCGH) is the preferred genetic testing method, that 
offers more information than the classical karyotype and 
diagnostic for the 22q11.2 deletion [17–19]. A small 
thymus, which accompanies RAA, is also marker for 
genetic anomaly, particularly the 22q11.2 deletion [17]. 

 Patients, Materials and Methods 
The obstetrical databases of the tertiary center from 

Romania (Emergency County Hospital of Craiova) were 
retrospectively reviewed for fetal morphological assessments 
during a 10-year period (2012–2020). The indications 
for the fetal scans were: first or second trimester routine 
anatomy scans, cases referred for suspected cardiac or EC 
anomalies, and routine scans with other indications. There 
were approximately 10 500 pregnant women examined in 
this period of time and our team discovered 18 RAA cases. 

The study group 

The study group consisted of 18 cases of RAA 
diagnosed by fetal echocardiography. Ultrasound (US) 
examinations were performed using GE Voluson Pro, 
Expert, E8 and E10 systems equipped with 4–8 MHz 
curvilinear transducers and Philips EPIQ 7 system with 
the following transducers: eL18-4 linear array 18–4 MHz, 
C9-2 curved array 9–2 MHz, and V6-2 convex three-
dimensional (3D) array 6–2 MHz. Transvaginal examination 
with a 5–9 MHz curvilinear transducer was performed 
additionally, when was necessary for better visualization 
of fetal anatomy or abnormalities. The classical grey scale 
mode combined with color, power and pulsed-wave Doppler 
modes were used for a detailed fetal anatomy and heart 
assessment, according to a comprehensive protocol 
previously published by our Center [20–25]. During the 
cardiac sweep, 3VT view was used to identify the laterality 
of the aortic arch and of the DA in relation to the trachea 
and the spine, and thus, for RAA classification type. Two 
cases that fulfilled these criteria were excluded, as they 
associated dextrocardia and situs inversus, respectively. 

The fetal characteristics that were observed included 
associated intracardiac (IC) and EC anomalies and the 
presence of genetic anomalies, in particular the 22q11.2 
deletion. Moreover, the outcome of the pregnancy, whether 
alive and well neonate or the medical termination of 
pregnancy (TOP) was noted. Postnatal confirmation of 
the diagnosis and the evolution of the infant, especially 
the compressive symptoms, were recorded for the fetuses 
that were born alive. Fetal autopsy was proposed in TOP 

cases, to confirm the suspected anomalies [26]. The 
study received the Ethics Committee approval, and all 
participants were given explicit details regarding the 
study and offered their consent. 

The evaluation protocols 

The 3VT plane represents a standard view of the 
cardiac sweep for every fetus examined in our Center 
both in first and second trimester. This view, along with 
the correct identification of the heart apex orientation at 
the level of four-chamber view, offers an easy confirmation 
of the heart, aortic arch, and DA laterality. 

The heart investigation protocol is not limited to the 
3VT view. First trimester heart evaluation relies mostly on 
cardiac sweep color Doppler investigation. A full Doppler 
cardiac sweep assesses the atrioventricular flows, the aortic 
flow emerging from the left ventricle, the pulmonary flow 
emerging from the right ventricle and their trajectory to 
the left of the spine. We routinely visualize and sample 
ductus venosus and tricuspid valve flows using pulsed 
Doppler [27, 28]. We routinely relay on grey scale US 
scan to evaluate the situs of the heart and the offsetting 
of the atrioventricular valves. This protocol is feasible 
in the first trimester and we recommend this approach to 
every pregnancy [20, 29]. An extended or detailed first 
trimester protocol ensures an accurate diagnosis of the 
laterality of the aortic arch and most of the major 
congenital heart diseases. The fetal heart was evaluated in 
the second or third trimester, according to the published 
guidelines [10]. 

The first trimester anatomy scan includes broad US 
protocols applied to all anatomical structures. The reason 
of this approach is to diagnose the IC and EC anomalies 
as early as possible and give parents time to acknowledge 
the information and the practitioner to further investigate 
and confirm the suspicions. 

Genetic testing 

All couples were offered genetic counselling following 
RAA diagnosis. The genetic tests offered to the parents 
who accepted these investigations were: karyotyping, 
quantitative fluorescence-polymerase chain reaction 
(QF-PCR) and aCGH. 

 Results 
There were 18 fetuses included in the study, 16 

singleton fetuses and two fetuses from two twin 
pregnancies. The study group is presented in (Table 1). 
The incidence of the RAA in our Center was 0.17%. 

This incidence was calculated over a period of 10 years 
that included approximately 10 500 fetal scans. The mean 
gestational age (GA) at the diagnosis was 16 weeks (with 
a range between 12 and 28 gestational weeks (Table 2). 

Table 1 – Summary of the cases 

No. Year 
GA at diagnosis 

[weeks] 
RAA 
type 

IC  
anomalies 

EC  
anomalies 

Genetic  
testing 

Outcome Comments 

1. 2011 12 I TOF  
Normal karyotype 

Normal aCGH 
TOP Confirmed at autopsy 

2. 2012 20 II  

Hypoplastic nasal bone 
Small vitelline vesicle in  

first trimester 
Thymus hypoplasia 

22q11.2 deletion 
Normal karyotype 

TOP 
Cranio-cerebral 
dysmorphism 

Confirmed at autopsy 
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No. Year 
GA at diagnosis 

[weeks] 
RAA 
type 

IC  
anomalies 

EC  
anomalies 

Genetic  
testing 

Outcome Comments 

3. 2012 13 I TOF  

Multiple 
microdeletions 

Normal karyotype 
Normal aCGH 

TOP Confirmed at autopsy 

4. 2012 22 II  Septo-optic dysplasia 
Normal karyotype 

Normal aCGH 
Live  
birth 

Postnatal confirmation 
Twin pregnancy 

5. 2012 13 I   
Normal karyotype 

Normal aCGH 
Live  
birth 

Normal phenotype 

6. 2013 13 II AVSD  
Normal karyotype 

Normal aCGH 
TOP Confirmed at autopsy 

7. 2013 13 DAA   
Normal karyotype 

Normal aCGH 
Live  
birth 

Postnatal confirmation 

8. 2014 13 II   
Normal karyotype 

Normal aCGH 
Live  
birth 

Postnatal confirmation 
Twin pregnancy 

9. 2015 18 II  
Cystic hygroma, left 

diaphragmatic hernia,  
long bones hypoplasia 

Trisomy 18 TOP Confirmed at autopsy 

10. 2016 12 II   
Normal karyotype 

Normal aCGH 
Live  
birth 

Postnatal confirmation, 
favorable evolution 

11. 2017 21 I   
Normal karyotype 

Normal aCGH 
Live  
birth 

Normal phenotype 

12. 2017 22 I TOF Thymus hypoplasia 
22q11.2 deletion 
Normal karyotype 

TOP Confirmed at autopsy 

13. 2017 22 II  
Esophageal atresia,  

duodenal atresia 

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

Live  
birth 

Postnatal confirmation. 
Surgical repair of 

esophageal atresia, 
duodenal atresia and 
anal atresia, normal 

phenotype 

14. 2018 22 DAA  Thymus hypoplasia 
22q11.2 deletion 
Normal karyotype 

TOP Confirmed at autopsy 

15. 2018 28 II 

Right atrial 
isomerism, 

AVSD, 
DORV, 
PLSVC 

IUGR, median-sided 
stomach, left-sided 

gallbladder 
NK 

Live  
birth 

Postnatal confirmation 
of RAA, right-sided 
heart, right-sided 

stomach, middle sided 
liver, no spline, LAFB, 

favorable postnatal 
evolution 

16. 2018 22 II TOF  
22q11.2 deletion 
Normal karyotype 

Live  
birth 

Postnatal confirmation, 
surgery for TOF, 

favorable postnatal 
evolution 

17. 2019 12 II   
Normal karyotype 

Normal aCGH 
Live  
birth 

Postnatal confirmation, 
favorable evolution 

18. 2019 13 II 
AVSD,  
CAT 

SUA, mesomelia, acromelia, 
cerebral ventriculomegaly, 

ectopic kidney 

Normal karyotype 
Normal aCGH 

TOP Confirmed at autopsy 

aCGH: Microarray-based comparative genomic hybridization; AVSD: Atrioventricular septal defect; CAT: Common arterial trunk; DAA: Double 
aortic arch; DORV: Double outlet right ventricle; EC: Extracardiac; GA: Gestational age; IC: Intracardiac; IUGR: Intrauterine growth restriction; 
LAFB: Left anterior fascicular block; NK: Not known; PLSVC: Persistent left superior vena cava; SUA: Single umbilical artery; TOF: Tetralogy 
of Fallot; TOP: Termination of pregnancy. 
 

Table 2 – General characteristics of the study group. 
Association with structural and genetic abnormalities 

Characteristic 
Value  
n (%) 

GA at diagnosis 
Mean GA: 16 weeks  

(range: 12–28 weeks) 

IC anomalies 

Total 7/18 (38.89%) 

TOF 4/18 (22.23%) 

Other anomalies 3/18 (16.67%) 

EC anomalies 8/18 (44.44%) 

Genetic 
anomalies 

Total 7/17 (41.17%) 

22q11.2 deletion 4/17 (23.53%) 

Other anomalies 3/17 (17.65%) 

Outcome 
TOP 8/18 (44.45%) 

Live birth 10/18 (55.55%) 

EC: Extracardiac; GA: Gestational age; IC: Intracardiac; n: No. of 
cases; TOF: Tetralogy of Fallot; TOP: Termination of pregnancy. 

All the RAA fetuses examined in the first trimester 
were accordingly diagnosed with RAA, as the diagnosis 
was confirmed at the mid trimester anomaly scan or fetal 
autopsy. No false positive diagnoses were recorded. 
Around 8% of the anomaly scan cases examined in our 
Center were referred from other Centers for second 
opinion, because an anomaly was suspected. Therefore, 
we cannot consider our group a low-risk population. One 
patient from our group was referred from another Center 
for a suspected cardiovascular anomaly, representing 
about 5% of the cases. Prenatal diagnosis of RAA was 
confirmed in all 18 fetuses, postnatally or at the autopsy, 
with no false positive diagnoses. We cannot calculate the 
false negative rate because we did not search systematically 
postnatally the presence of the anomaly in our study group. 
However, we are not aware of RAA diagnoses in neonates 
or children classified as normal during the prenatal 
anomaly scan. 
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Detection rate associated with the GA 

GA of the first presentation in our Center coincides 
with the GA of the diagnosis of the RAA (Table 2). There 
were nine (50%) cases detected at the first trimester 
anomaly scan (12–13 gestational weeks). Eight (44.45%) 
cases presented themselves for the first time in our Center 
for the second trimester anatomy scan or were referred 
from other Centers for suspected anomalies (18–24 
gestational weeks). There were no fetuses confirmed with 
a normal aortic arch at the first trimester anatomy scan 
and the diagnose refuted at the mid trimester anatomy 
scan. The last case (5.55%) was diagnosed in the third 
trimester. The latter case had no medical care during the 
pregnancy and presented at 28 gestational weeks in the 
Emergency Room for uterine contractions. 

The incidence of RAA in our medical Center 

As mentioned before, the incidence of RAA in our 
Center was 0.17%. We present the distribution of RAA 
types in our study group and the association with IC  
and EC anomalies, genetic anomalies, and the outcome 
of the pregnancies according to the RAA three types 
(Table 3). 

The study group was divided according to the type 
of RAA: five cases (27.78% of the total cases) were 
diagnosed with type I RAA, 11 (61.12%) cases with type II 
RAA, and two (11.10%) cases with DAA. 

Therefore, the most frequent type of RAA in the 
study group was type II, characterized by a RAA and 
left DA. 
 

Table 3 – The distribution of RAA types in our study group in association with IC, EC and genetic anomalies and the 
outcome of the pregnancies 

RAA  
type 

Value  
n (%) 

IC anomalies / TOF  
n (%) 

EC anomalies  
n (%) 

Genetic anomalies / 22q11.2 del  
n (%) 

TOP  
n (%) 

Live births  
n (%) 

Type I 
5/18 

(27.78%) 
3/5 (60%) / 3/5 (60%) 

1/5  
(20%) 

2/5 (40%) / 1/5 (20%) 
3/5  

(60%) 
2/5  

(40%) 

Type II 
11/18 

(61.12%) 
4/11 (36.37%) / 1/11 (9.09%) 

6/11  
(54.55%) 

4/10 (40%) / 2/10 (20%) 
4/11  

(36.36%) 
7/11 

(63.64%) 

DAA 
2/18 

(11.10%) 
0/2 (0%) 

1/2  
(50%) 

1/2 (50%) / 1/2 (50%) 
1/2  

(50%) 
1/2  

(50%) 

DAA: Double aortic arch; EC: Extracardiac; IC: Intracardiac; n: No. of cases; RAA: Right aortic arch; TOF: Tetralogy of Fallot; TOP: Termination 
of pregnancy. 

 
The general characteristics of the study group, 

concerning the associated structural and genetic anomalies 
and the outcome of the pregnancies are presented in 
Table 2. Seven cases (38.89% of all RAA cases) associated 
IC anomalies [tetralogy of Fallot (TOF), atrioventricular 
septal defect (AVSD), right atrial isomerism, double 
outlet right ventricle (DORV), persistent left superior 
vena cava (PLSVC) and common arterial trunk (CAT)]. 
Four fetuses were diagnosed with TOF (22.23% of all 
RAA cases). EC anomalies were present in 44.44% of all 
RAA cases (hypoplastic nasal bone, septo-optic dysplasia, 
cystic hygroma, left diaphragmatic hernia, long bones 
hypoplasia, thymus hypoplasia, esophageal atresia, duodenal 
atresia, median stomach position, left-sided gallbladder, 
single umbilical artery (SUA), mesomelia, acromelia, 
cerebral ventriculomegaly, ectopic kidney). 

The outcome of RAA with right DA 

In the type I subgroup, three (60%) cases were 
associated with TOF. No other IC anomalies were 
associated with this type of RAA and just one case 
(25% of type I) associated an EC anomaly, thymus 
hypoplasia. This fetus is the only one in our study group 
diagnosed with thymus hypoplasia and it also associated 
TOF and 22q11 deletion. The three pregnancies that 
associated fetal RAA with right DA (type I), TOF and 
22q11.2 deletion were terminated, while two fetuses 
with type I RAA, normal genetics and morphology scan 
were born alive and had a good evolution postpartum. 
We present a case of type I RAA (Figure 2). 

The pregnancy outcome in cases with RAA 
and left DA 

In type II subgroup, four cases (36.37% of type II) 
associated other heart anomalies (AVSD, right atrial 
isomerism, DORV, PLSVC, TOF, CAT). AVSD was 
present in three of these four cases and TOF was 
diagnosed in one case. Six fetuses (54.55% of type II) 
presented EC anomalies (hypoplastic nasal bone, septo-
optic dysplasia, cystic hygroma, left diaphragmatic hernia, 
long bones hypoplasia, esophageal atresia, duodenal 
atresia, median-sided stomach, left-sided gallbladder, SUA, 
mesomelia, acromelia, cerebral ventriculomegaly, ectopic 
kidney, thymus hypoplasia). Ten cases were tested 
genetically and four (40%) of them were diagnosed with 
a chromosomal anomaly (two cases of 22q11.2 deletion, 
one case of trisomy 18 and one case of 47,XY,+mar[15]/ 
46,XY[38] mosaicism). The rate of live births in this 
group was 63.64% and of TOP 36.3%. In one case  
(No. 15, Table 1), parents declined invasive testing, at 
28 gestational weeks. We present a case of type II RAA 
(Figure 3). 

The anomalies and prognosis associated with 
DAA 

DAA was the least common form of RAA in the 
study group, with only two cases diagnosed during this 
time interval. None of the cases associated other IC 
anomalies. One case presented thymus hypoplasia. Both 
of the fetuses underwent prenatal invasive diagnosis and 
one of them was diagnosed with 22q11.2 deletion. This 
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pregnancy associated thymus hypoplasia and was 
terminated. The other couple gave birth to a live neonate 
with a normal phenotype and a good neonatal evolution. 
A case of DAA is presented in Figure 4. 

Genetic testing in RAA cases 

Genetic testing was offered to all affected pregnancies 
and was accepted in 17 cases (Table 1). Chromosomal 
anomalies were found in 41.17% of the tested cases and 
the most frequent anomaly was the 22q11.2 deletion 
(DiGeorge syndrome) – in 23.53% of the tested cases. 

The outcome of the pregnancies depending 
on the RAA type 

The general outcome of the pregnancies is presented 
in Table 1. Parents chose medical TOP in 44.45% of the 
RAA cases. The indications of TOP were as following: 
TOF in three cases (one of them associated 22q11.2 
deletion), one case of trisomy 18, one case of DAA 
associated with thymus hypoplasia and 22q11.2 deletion 
and three cases that associated IC and/or EC anomalies 
(22q11.2 deletion was present in one case). Isolated RAA 
(iRAA) was not terminated and had a good postnatal 
outcome. 

The rest of 55.55% of pregnant women gave birth to 
neonates that had a good postnatal evolution. 

The distribution of the TOP cases according to the 
RAA type was: three cases of type I (60% of the total 
type I cases and 37.50% of the total TOP cases), four 
cases of type II (36.37% and 50% respectively) and one 
case of DAA (50%, 12.50% respectively). 

We present the genetic anomalies and structural 
(cardiac and EC) malformations associated with RAA 
type and the correlation with the outcome. 22q11.2 
deletion plays an important role in the diagnosis and 
management of these cases; thus, the distribution of this 
deletion was studied individually (Figure 5). We considered 
RAA as iRAA when neither structural nor genetic anomalies 
were associated. 

iRAA was observed in six cases, while 12 cases 
presented other IC and/or EC anomalies. No fetus with 
an iRAA had chromosomal anomalies. However, seven 
cases of chromosomal anomalies were diagnosed in 
fetuses that associated other structural anomalies. Five 
of these cases were terminated and the other two gave 
birth to neonates with normal phenotypes and a good 
postnatal evolution. 

No iRAA cases with normal karyotype were terminated. 
There were six cases of iRAA and all of the fetuses 
were born alive and had a good postnatal outcome. The 
three cases that were terminated associated severe structural 
anomalies. 

 
Figure 2 – Presenting Case No. 12 (Table 1) – type I RAA case with right DA and cardiac anomaly: (A) Ultrasound 
directional power Doppler, four-chamber view; (B) VSD with overriding aorta; (C) RAA with right DA; (D) Pathology 
examination – RAA; (E) Right DA; (F) Heart dissection – VSD. Ao: Aorta; DA: Ductus arteriosus; DAo: Descending 
aorta; L: Left; LCA: Left carotid artery; LSA: Left subclavian artery; PA: Pulmonary trunk; R: Right; RAA: Right 
aortic arch; RCA: Right carotid artery; RSA: Right subclavian artery; RVOT: Right ventricular outflow tract; VSD: 
Ventricular septal defect. 
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Figure 3 – Presenting Case No. 13 – type II RAA case with a good postpartum evolution following surgical correction of 
associated abnormalities: (A) Ultrasound duplex mode – grey scale and directional power Doppler, four-chamber view, 
showing normal situs, area and axis of the heart; (B) RAA and left DA, connected by the Kommerell’s diverticulum 
appear as a “U”-shaped vascular ring around the trachea and esophagus – “U” sign; (C) First day postpartum 
radiography showing esophageal pouch (esophageal atresia was confirmed); (D) Postpartum CT for esophageal atresia 
management reveals dilated stomach and duodenum – “double bubble” sign, suggesting duodenal atresia and horseshoe 
kidney; (E) 47,XY,+mar – normal karyotype with chromosome marker. Ao: Aorta; CT: Computed tomography; DA: 
Ductus arteriosus; Dd: Duodenum; EA: Esophageal atresia; KD: Kidney; L: Left; PA: Pulmonary trunk; R: Right; 
RAA: Right aortic arch; S: Stomach; T: Trachea. 

 
Figure 4 – DAA in a second trimester pregnancy termination (Case No. 14). Ultrasound cardiac sweep with high-
definition directional power Doppler mode: (A) Four-chamber view, with normal cardiac situs; (B) Left ventricular 
outflow tract plane, with aorta emerging from the left ventricle and coursing to the right of the spine; (C) Right 
ventricular outflow tract plane (pulmonary artery) and a DAA is identified in the three vessels plane, with a narrower 
left aortic arch; (D) Left-sided DA. Pathology examination: (E) RAA view with emergent vessels; (F) Left aortic arch 
with emergent vessels; (G) Vascular ring formed by the two arches; (H) Heart isolation with DAA and emergent vessels 
of each arch. Ao: Aorta; DA: Ductus arteriosus; DAA: Double aortic arch; DAo: Descending aorta; LCA: Left carotid 
artery; LSA: Left subclavian artery; LVN: Left vagus nerve; PA: Pulmonary trunk; RAA: Right aortic arch; RCA: Right 
carotid artery; RSA: Right subclavian artery; T: Trachea. 
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Figure 5 – Distribution of the genetic anomalies and IC/EC malformations and association with the outcome of the 
pregnancies. aCGH: Microarray-based comparative genomic hybridization; DAA: Double aortic arch; EC: Extracardiac; 
IC: Intracardiac; iRAA: Isolated right aortic arch; TOP: Termination of pregnancy. 

 
 Discussions 
The incidence of RAA in general population and in 

low-risk pregnancies is estimated between 0.058% and 
0.18% [2, 3, 13, 30–33]. However, there are studies 
made on high-risk groups that report a higher incidence, 
0.35% [34] – 0.5% [35]. In our study group, which can 
be considered of intermediate risk because of the referred 
cases, the incidence was 0.17% a value that is in line 
with published literature and supports the accuracy of 
the diagnosis. The diagnosis can be easily established 
during the cardiac scan on the 3VT view starting with 
the late first trimester genetic and anomaly scan [12, 24]. 
We diagnosed nine cases of RAA at the first trimester 
anatomy scan and all cases were confirmed at the second 
trimester scan or pathology examination following TOP. 
Of this group, there were no cases missed, diagnosed 
later in pregnancy, postpartum or at the pathology 
examination. 

The incidence of each type of RAA was type I – 
27.78%, type II – 61.12%, and DAA – 11.10%. This 
distribution has a great importance because there are some 
differences between large studies. Some studies did not 
report type I cases [36], while some other studies report 
a ratio between the three types of RAA was in favor of 
type I, between 45% and 62.5% of all aortic arch anomalies 
[3, 37]. Most of the studies report an incidence for type I 
between 7% and 17% [33–35, 38]. In our study group, 
they represented about a quarter (27.78%) of the cases. 
An explanation for the higher incidence in our study 
could be the “V”-shaped appearance of this anomaly that 
resembles with the normal confluence of arterial arches 
in the 3VT plane, used for US diagnosis. Only the 
laterality of the “V” sign is different in type I RAA, 
while in type II RAA and DAA there is no resemblance 
with the normal aspect. This may lead to type I RAA 
underdiagnose during prenatal scan and a consecutive 
underestimation of its rate. 
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Traditionally, type I RAA is considered almost always 
associated with cardiac abnormalities [39]. However, it 
was later proved that RAA with RDA may be found 
isolated in fetuses with normal outcome [12]. Later studies 
reported wide variations of abnormal associations of 
this condition: a 30% to 90% risk of severe congenital 
heart defects [5, 9, 32, 37], namely TOF in 13% to 77% 
cases [9, 37, 40] and a 1% to 15.38% risk of 22q11.2 
deletion [5, 37]. In our study, three cases were associated 
with TOF (60%), one case with thymus hypoplasia and 
one case came out positive for 22q11.2 deletion and 
another case for multiple microdeletions. Our data suggest 
that the risk for DiGeorge syndrome in our study group 
was 20% for type I RAA. Thus, our study supports the 
previous data which suggest that a RAA with a right DA 
has a higher risk of associated complex heart disease and 
DiGeorge syndrome [9, 13]. 

Type II RAA cases were reported in previous studies 
accompanied by severe heart defects in a variable 
proportion, between 8.3% and 72%, depending on the 
population risk [3, 9, 31, 35, 40, 41]. However, the usual 
reported incidence of major heart anomalies is about 10% 
[9, 40]. In our cohort, which should be considered of 
intermediate risk, the incidence of associated heart defects 
in this subgroup was 36.37% and should be taken into 
consideration because the cardiac anomalies associated 
were severe (TOF, right atrial isomerism, DORV, PLSVC 
and CAT). We suggest a careful cardiovascular evaluation 
in fetuses with this condition. The reasons for our higher 
rate of associated anomalies may be explained by under-
reported RAA in cases of congenital heart disease, where 
the major heart anomaly was mainly studied and reported. 
We do not believe that we missed type II RAA cases, as 
the 3VT view was mandatory in all evaluations, where 
the presentation of this condition is very characteristic. 
Also, we did not encounter missed RAA cases during 
the follow-up evaluations. However, the relatively small 
number of cases from our series may represent a source 
of errors. Concerning EC anomalies, 54.55% type II cases 
associated variable degrees of malformations. However, 
these were not a direct indication for TOP in none of the 
cases. 

Overall, the outcome of type II RAA was better than 
type I RAA cases, given the lower rate of cardiac, severe 
EC and genetic abnormalities. However, although the RAA 
type was considered an important factor for prognosis, 
our data show that the association of significant structural 
or genetic anomalies represents the main prognostic factor 
for pregnancy outcome. 

The general incidence of IC anomalies and TOF in 
our study group was 38.89% and 22.23%, respectively 
(for the entire group). The most frequent anomalies were 
TOF and AVSD. Our findings are in accordance with the 
literature, as a large cohort study of 98 fetuses showed 
an incidence of IC anomalies stratified as following: 
56.12% conotruncal anomalies, 36.73% TOF and 8.16% 
septal defects [41]. TOF is reported in other studies in 
5.6% to 25% RAA cases [3, 6, 36]. 

Concerning EC anomalies incidence, we found ranges 

between 2% and 38.89% [6, 31, 35, 41] in the literature. 
The incidence of EC anomalies in our study group  
was 44.44%. Some of the most common EC anomalies 
associated with RAA are gastrointestinal malformations 
[8, 35, 42] and this finding is supported by our study as 
well (left diaphragmatic hernia, esophageal atresia, duodenal 
atresia, right-sided stomach, left-sided gallbladder). 

Another important aspect is represented by the 
symptomatology secondary to vascular compression. DAA 
is the most common cause of tracheal and esophageal 
compression of aortic origin [43]. The rate of symptomatic 
neonates varies between 41% and 98% in different studies 
[34, 44]. In our study group, only one case of isolated 
DAA was born alive and the neonate did not develop 
compression symptoms in the neonatal and early childhood 
period. Compression symptoms can be caused by type II 
as well, 5% type II being associated with Kommerell’s 
diverticulum [3, 41, 45]. Some authors consider the “U” 
sign always associated with a vascular ring [6]. In our 
group, no neonates developed these symptoms, and none 
needed surgery for a vascular ring. We should be aware 
of these conditions, as symptoms may occur in the first 
24 months of life, in 25.2% of the cases where a vascular 
ring is present [8]. Our data suggest that the rates of 
respiratory and digestive complications due to RAA 
vascular rings may be lower than reported, at least in 
early infancy. Also, symptoms might occur in adulthood 
due to atherosclerotic changes [46, 47]. 

One study found an incidence of the 22q11.2 deletion 
in iRAA cases (no other IC or EC anomalies) of 8.5%, 
increasing to 25% in the presence of another sonographic 
anomaly and to 100% when the thymus was hypoplastic 
or absent. The same study emphasizes an association of 
90% of RAA with a small or non-visible thymus in the 
22q11.2 deletion cases [17]. In our study group, three 
cases had a hypoplastic thymus and all of them associated 
22q11.2 deletion. One of the cases associated type I 
RAA, TOF and 22q11.2 deletion. All three couples opted 
for TOP and fetopathology evaluation confirmed the 
anomalies. The incidence of thymus hypoplasia in our 
cohort was 16.67%. 

In terms of abnormal genetic associations, in our study 
group 17/18 cases were tested for genetic disorders. All 
types of chromosomal anomalies and specifically 22q11.2 
deletion were present in 41.17% and 23.53%, respectively, 
in the tested group (17 cases). These values range from 
9% to 42.8% for chromosomal anomalies and between 
6.1% and 28.5% for 22q11.2 deletion [8, 31, 33] in 
other studies. Moreover, some authors consider that the 
of association between RAA and 22q11.2 is influenced 
by the presence of other IC and EC anomalies: 8% to 
24% in isolated cases and 24% to 46% in cases that 
associated other IC and EC anomalies [17, 35, 48, 49]. 

In agreement with previous recommendations [50, 
51] and based on our results, we recommend genetic 
testing for 22q11.2 deletion specifically or by means  
of aCGH for all pregnancies diagnosed with a RAA 
(isolated or not), even if some authors do not consider 
this investigation in isolated cases [52]. Some authors 
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consider iRAA to even have a higher risk for chromosomal 
anomalies [18], but this approach cannot be validated by 
the results of our study. 

In our study group, almost half of the pregnancies 
were terminated for major structural or genetic abnormalities 
(44.45%) representing 60% type I, 36.36% type II, and 
50% DAA. The rest of the fetuses were born at term and 
had a good neonatal outcome. No neonates required surgery 
for the aortic arch anomaly, but some of them underwent 
interventions for the associated anomalies (TOF, digestive 
malformations). The rate of TOP was higher in our group 
(due to the associated anomalies), but the postnatal 
outcome of the newborns with RAA was good, with no 
compressive symptoms reported and a low rate of neonatal 
surgeries. There were no intrauterine or postpartum 
demises. Other authors communicated a lower TOP rate, 
6.12%, but combined with a high rate of in utero death, 
4% and postpartum – 10.20% [41]. Other authors reported 
TOP between 8.34% and 19%, and a good evolution for 
most of the live births [3, 8, 36]. 

The information provided by our study is important 
for the practitioner in order to advise the couple towards 
a correct decision. When RAA is diagnosed, an extended 
scanning protocol for IC and EC anomalies should be 
implemented indifferent the anatomical type and parents 
should be offered invasive prenatal testing. Special care 
should be provided to DAA and type I RAA, as the rate 
of major anomalies appears higher in these cases. 

 Conclusions 
RAA is an uncommon disorder, frequently associated 

with IC and EC malformations and chromosomal anomalies, 
indifferently the anatomical type. Prenatal detection of this 
pathology is facile if the 3VT plane is systematically 
evaluated during cardiac sweep, starting from the first 
trimester anatomy scan. RAA detection should trigger 
detailed anatomy scan and genetic evaluation, with special 
attention to TOF and 22q11 deletion. Similar figures were 
registered regarding the outcome of the pregnancies,  
as almost half ended up in in pregnancy termination due 
to structural or genetic abnormalities (44.45%). When 
isolated, RAA associates a good outcome, indifferently the 
anatomical type. Although the RAA type was considered 
an important factor for prognosis, our data show that the 
association of significant structural or genetic anomalies 
represents the main prognostic factor for pregnancy 
outcome. An apparently iRAA may associate genetic 
anomalies, particularly the deletion responsible for 
DiGeorge syndrome, justifying the need for prenatal 
invasive testing for all cases suspected with RAA or 
DAA. To conclude, the outcome of fetuses diagnosed 
prenatally with RAA depends on the associated anomalies 
and cannot be estimated without extended scans and 
genetic testing. Although the number of patients in this 
study is relatively low and hinders the possibility of a 
conclusive prognosis, the data from this current study, 
corroborated with the already published literature, offers 
a well-founded argument that all RAA fetuses, isolate or 
not, should be offered prenatal invasive karyotyping and 

22q11.2 deletion analyze. When isolated, RAA or DAA 
has usually a good outcome and do not require surgery. 
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