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Abstract
A right aortic arch (RAA) with a left arterial duct (LAD) together encircle the trachea and have the potential to cause tra-
cheobronchial compression and published guidelines recommend bronchoscopy in symptomatic patients. The aim of the 
study was to describe the incidence of tracheal compression in a cohort of prenatally diagnosed RAA and LAD. Retrospec-
tive review of clinical course and imaging of prenatal cases of RAA and LAD assessed with flexible bronchoscopy over an 
11-year period. 34 cases of prenatally diagnosed RAA with LAD underwent bronchoscopy at median age of 9 months (range 
0.4–123) of whom 11 had respiratory symptoms and 23 were asymptomatic. In the neonatal period, three cases demonstrated 
respiratory symptoms. An aberrant left subclavian artery (ALSA) was identified in 29 cases. Pulsatile tracheal compression 
was identified in 32/34 (94%) cases and two cases showed normal tracheal appearances. Significant tracheal compression 
(> 70% occlusion) was present in 25/34 (74%) cases of which 16 were asymptomatic. Significant carinal compression 
(> 70% occlusion) was identified in 14/34 (42%) cases, an ALSA was observed in 13/14. Surgical relief of a vascular ring 
has been performed in 27 (79%) cases at a median age of 15 months (range 0.6–128 months). At surgery, a fibrous remnant 
of an atretic left aortic arch was identified in 11/27 (41%) cases. Significant tracheal compression may be present in infants 
even without symptoms. If early relief of airway compression is to be achieved to promote normal development of tracheal 
cartilage, early bronchoscopy should be considered.
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Abbreviations
RAA​	� Right aortic arch
ALSA	� Aberrant left subclavian artery
LAD	� Left arterial duct

Introduction

The aortic arch usually passes to the left of the trachea, 
but in 0.1% of the population it passes to the right of the 
trachea and this is defined as a right aortic arch (RAA) 
[1]. The arterial duct can pass to the left or to the right of 
the trachea and it obliterates after birth and persists as the 
arterial ligament which cannot be identified on echocar-
diography, computerized tomography (CT) or magnetic 
resonance imaging (MRI). Thus, when a RAA and left 
arterial ligament are present they form a loop around the 
trachea and oesophagus which has the potential to cause 
tracheal compression [2]. This is in contrast to a RAA with 
a right arterial duct where both vessels pass to the right 
of the trachea but do not encircle it. This formation can 
easily be overlooked at the time of routine screening, but 
these vessels would not encircle the trachea and therefore 
are unlikely to cause trachea compression. The common-
est branching patterns of a RAA are either mirror image 
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of a left aortic arch branching pattern or with an aberrant 
left subclavian artery (ALSA). This ALSA originates from 
the descending aorta coursing posterior to the trachea and 
oesophagus and therefore may pulsate on the posterior 
aspect of the trachea and oesophagus (Fig. 1).

A RAA is increasingly diagnosed during fetal life due to 
the incorporation of views of the upper mediastinum into 
screening of the fetal heart [3–5]. The reason for assess-
ment of the upper mediastinum in fetal life is to identify 
major congenital heart disease such as transposition of the 

Fig. 1   Three vessel and tracheal view on fetal echocardiography. 
a Left-sided aortic arch as seen during fetal echocardiography. The 
white arrow indicates the aortic arch which passes to the left of the 
trachea  (T). b Right-sided aortic arch (white arrow) passing to the 
right of the trachea  (T) and the left-sided arterial duct passing to 
the left of the trachea. These structures form a U-shape around the 

trachea. c Postnatal MRI reconstruction showing a right-sided aor-
tic arch  (RAA) with an aberrant left subclavian artery and the rela-
tionship to the trachea. A Kommerell’s diverticulum is also present 
(white arrow). SVC superior vena cava, PA pulmonary artery, LCA 
left common carotid artery, RCA​ right common carotid artery, ALSA 
aberrant left subclavian artery, RSA right subclavian artery
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great arteries or tetralogy of Fallot which would be missed 
if the four chamber view of the heart alone was assessed, 
but a RAA is also visualized on such views [5–9]. Histori-
cally, RAA has been regarded as a largely benign lesion, 
however, a recent meta-analysis has shown that up to 25% 
of prenatally diagnosed RAA may require surgical relief 
of a vascular ring and a meta-analysis has recommended 
investigation of symptomatic cases [4]. Recently, we have 
identified significant airways compression in some infants 
without symptoms who were undergoing general anaes-
thesia for non-cardiac surgery and in whom bronchoscopy 
was performed during the same anaesthetic at the request 
of the anaesthetist to ensure there was no airway compro-
mise which may impact anaesthesia given the diagnosis of 
a RAA. This lead to an increased awareness and an increase 
in the number of bronchoscopies performed which prompted 
us to review our practice and experience of assessment of 
infants with RAA and left arterial duct (LAD) diagnosed 
during fetal life. Our objectives were to describe the bron-
choscopy findings and to establish if symptoms were a good 
guide to the presence of airway compression.

Methods

A retrospective review of children (< 16 years) who were 
prenatally diagnosed with RAA and LAD between Janu-
ary 2005 and December 2015 at King’s College Hospital 
and Evelina London Children’s Hospital whom underwent 
bronchoscopy. Patients were identified from departmental 
databases for this descriptive study. Patients were excluded if 
the diagnosis was not made prenatally or if there were asso-
ciated major intracardiac defects (such as tetralogy of Fallot, 
common arterial trunk and haemodynamically significant 
ventricular septal defects). Patient records including bron-
choscopy reports and MRI or CT imaging were reviewed.

Postnatal Management

In the earlier years (until 2010), many patients with a RAA 
were not routinely referred for postnatal cardiac evalua-
tion due to the perceived benign nature of the lesion. Thus, 
patients underwent a neonatal check and no further elec-
tive reviews or surveillance were planned. From 2010, more 
patients underwent a postnatal cardiac review and a respira-
tory assessment performed in patients symptomatic for a 
vascular ring. The reason for postnatal cardiac review is to 
ensure that a double aortic arch or minor forms of congenital 
heart disease (for example ventricular septal defects) were 
not overlooked on prenatal echocardiography. With mod-
ern ultrasound imaging systems, the prenatal diagnosis of a 
RAA is easily identified compared to with postnatal echo-
cardiography, whereas a double aortic arch with hypoplasia 

of one arch can be overlooked on both prenatal and postnatal 
echocardiography. Some cases underwent a postnatal MRI 
or CT scan if the laterality/number of aortic arches was not 
clear after birth. If symptoms of airway compression were 
present, then further investigation was performed (bronchos-
copy and CT/MRI). Patients who were asymptomatic did not 
undergo any airway investigation in the earlier years apart 
from when bronchoscopy was requested by anaesthetists 
who were concerned about the potential impact of a vascu-
lar ring in two patients who were requiring a general anaes-
thetic for elective non-cardiac surgery. Bronchoscopy was 
performed at the start of the general anaesthetic for these 
patients following advanced discussion and consent from 
the parents. Significant tracheal compression was identified 
in both patients. Given this finding, the approach to manage-
ment changed such that all prenatally diagnosed cases with 
a RAA/LAD underwent a postnatal cardiac review and the 
majority of patients were referred for a respiratory assess-
ment even in the absence of airway symptoms. This occurred 
in the most recent years from approximately 2013. During 
an airway consultation further investigations including bron-
choscopy were discussed with the parents. Furthermore, 
experience of the impact of airways compression in cardiac 
patients was developing and infants with double aortic arch 
and mild symptoms were identified to have critical tracheal 
narrowing [10]. These potential implications were discussed 
with the parents in prenatal counselling and in subsequent 
postnatal visits such that they were aware of our findings in 
this evolving area.

Airway Assessment

Dynamic airway studies were performed by flexible bron-
choscopy using a 2.8-mm Olympus (BF-XP260F) scope. 
Bronchoscopy was carried out via endotracheal tube or 
laryngeal mask airway during spontaneous ventilation using 
inhalational or intravenous anaesthesia to assess the degree 
and site of airway compression and exclude other abnormali-
ties such as tracheal stenosis. In some cases, negative suction 
pressure of − 10 to 20 ccH20 was applied to look for critical 
airway closing pressure points. Almost all cases had Propo-
fol induction where the airway can also be assessed in a brief 
period of total apnoea. A detailed description of bronchos-
copy methodology from our institute has been previously 
described [11]. All studies were recorded for video review. 
The site of airway compression (tracheal, carinal, right or 
left main bronchus) was noted and the degree of airway com-
pression classified according to the Myer classification [12]: 
insignificant (< 50%), mild (51–70%), significant: > 70%. 
The sidedness of the aortic arch, origin of the left subclavian 
artery and position of the arterial duct were identified on 
fetal echocardiogram. MRI or CT scan were primarily used 



668	 Pediatric Cardiology (2018) 39:665–673

1 3

to identify vascular anatomy and position of vessels relative 
to the airway, rather than degree of airway compression.

Statistics

Data is presented as median, range and interquartile range 
(IQR). Continuous, non-parametric data are analysed using 
Mann–Whitney test and categorical variables using Chi-
squared on SPSS version 23 for MAC and statistical signifi-
cance was taken as p < 0.05.

Ethical Approval

Given the evolving practice, we sought review of our prac-
tice and this was approved by the Guy’s & St Thomas’ NHS 
Trust Hospitals clinical governance department.

Results

During the study period, 143 cases of isolated RAA with 
LAD were diagnosed prenatally. All cases were reviewed 
after birth and 100 cases were subsequently discharged as 
they were asymptomatic and seven were excluded from this 
study due to additional congenital heart disease [haemo-
dynamically significant ventricular septal defects (n = 6) 
and disconnected left pulmonary artery (n = 1)]; thus 36 
cases were referred for airways investigation and 34 have 
completed airway investigations. On detailed questioning, 
11/34 patients (32%) demonstrated symptoms suggestive 
of airways compression and 23/34 were asymptomatic. 
Bronchoscopy was performed at a median age of 9 months 
(range: 0.4–123) at a median weight of 7 kg (range: 2–46). 
Chromosomal analysis was performed in 15/34 cases with 
four cases of microdeletion of chromosome 22q11, one with 
45XO/22q11, one with Noonan syndrome and the remaining 
ten were normal.

Symptoms

Symptoms of airway compression were present in 11/34 
cases from a median of 5 months (range: birth—24 months). 
Two patients were symptomatic from birth requiring ven-
tilation. Reported symptoms/presentations included: noisy 
breathing (n = 5), respiratory distress (n = 1), wheeze (n = 1), 
recurrent croup (n = 1), recurrent lower respiratory tract 
infections (n = 3) and presentation requiring ventilation 
(n = 3). Respiratory symptoms were present in the neonatal 
period in three patients. No gastro-oesophageal symptoms 
were present in this cohort. The median age at investiga-
tion was similar between those with and without symptoms: 
8 months (IQR: 4.0–2.9) vs. 11 months (IQR: 6.6–29), 
respectively (p = 0.3). The patient who was investigated at 

123 months age was seen in infancy, but was then lost to 
follow-up.

Pulsatile compression of the trachea was identified in 
32/34 cases on bronchoscopy of which seven were mild 
(51–70% compression) and 25/34 (74%) demonstrated 
significant tracheal compression > 70% (Table 1; Fig. 2). 
Normal airway patency was identified in two cases (Fig. 3). 
Carinal compression was seen in 22/34 cases of which 
eight showed mild compression and 14 demonstrated signifi-
cant compression. There was one case of significant carinal 
compression which showed only mild tracheal compression 
in an asymptomatic patient, all others had concomitant sig-
nificant tracheal compression (Fig. 4; Table 1).

The sensitivity and specificity of airway symptoms for 
significant tracheal compression were 34% and 75%, respec-
tively. The proportion of patients with significant tracheal 
compression (> 70%) did not differ between those with and 
without symptoms (82 vs. 69%, p = 0.4). The incidence of 
significant carinal compression was also similar between 
symptomatic and asymptomatic patients (36 vs. 43%, 
p = 0.7). Logistic regression analysis showed no identifiable 
predictors of symptoms (weight, ALSA or the presence of 
significant airway compression).

Branching Pattern of the Aortic Arch

An ALSA was present in 29/34 (85%). Significant tracheal 
compression was identified in 15/21 asymptomatic patients 
with an ALSA. Five cases of mirror image branching pattern 
were investigated, two were asymptomatic and one showed 
mild tracheal compression and the other significant tracheal 
compression. Significant carinal compression was identified 
in 13/29 (45%) patients with an ALSA, mild carinal com-
pression in 6/29(21%). Carinal compression was identified 
in one case without an ALSA.

Management of Cases

All cases were discussed in a multidisciplinary meeting to 
decide treatment. Surgery was performed in 27 cases (79%) 
and three cases are awaiting surgery. Median age at surgery 
was 15 months (range 0.6–128). 10/11 symptomatic cases 
were operated to relieve the vascular ring and one case did 
not have significant tracheal or carinal compression despite 
the presence of recurrent lower respiratory tract infections. 
Surgery was performed in 17/23 patients with asymptomatic 
tracheal compression to date and a further two are await-
ing surgery. At surgery, an additional finding of an atretic 
left aortic arch with no luminal continuity to the descend-
ing aorta was identified in 11 patients (eight cases with 
ALSA, three cases with mirror image branching pattern) 
and this had not been visualized with CT or MRI. Surgi-
cal procedures included: ligation of the ALSA (n = 15), 
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re-implantation of ALSA (n = 1), division of ligamentum 
arteriosum (n = 18), division of patent arterial duct (n = 2), 
division of atretic left arch (n = 11) and resection of Kom-
merell’s diverticulum (n = 9). These did not require cardio-
pulmonary bypass and no surgical mortality occurred. The 
following early postoperative complications occurred: chy-
lothorax (n = 1), thoracotomy wound infection (n = 1), recur-
rent laryngeal palsy (n = 1) and Horner’s syndrome (n = 1), 
small pneumothorax (n = 1). Surgery was not required in five 
patients as the mild degree of tracheobronchial compression 
was not deemed sufficient to warrant surgery.

Follow‑Up After Surgery

Median follow-up in the asymptomatic group was 1.9 years 
(range 0.8–10.9) and in the symptomatic group was 2.7 years 
(0.2–3.4). Five children have ongoing respiratory symptoms 
following surgery: two with incomplete double arch (par-
tially atretic left aortic arch), two with RAA with ALSA 
and one with mirror image branching pattern. Three patients 
had persistence of severe symptoms and required surgical 
intervention: one required tracheostomy and long-term ven-
tilation, and two required re-operation for aortopexy (10 and 

2 years following original surgery). None of the asympto-
matic patients have reported new respiratory symptoms.

Discussion

Recommendations for prenatal screening of the fetal heart 
now include visualization of the aortic and ductal arches 
and this has led to increased recognition of RAA as an 
isolated cardiac finding. Together, the LAD and the RAA 
partially encircle the trachea and oesophagus and the right 
pulmonary artery lies immediately anterior to the trachea. 
The management of such cases poses a dilemma; for infants 
with respiratory symptoms there is a clear indication to pro-
ceed to further investigation. However, current consensus 
documents do not specify how asymptomatic infants should 
be managed [4].

This is the first reported series of cases with signifi-
cant tracheal compression in the absence of respiratory 
symptoms in infants with a RAA. The initial bronchosco-
pies were performed for other reasons and following the 
detection of asymptomatic airways compression in a few 
infants, the threshold for investigation was lowered such 

Fig. 2   Bronchoscopy findings 
in a 8-month old with tracheal 
and carinal compression in the 
absence of symptoms. a Upper 
tracheal view with right-sided 
compression partially occluding 
distal trachea. b Mid-tracheal 
view with obvious compression 
from the right on the tracheal 
wall which correlated with the 
position of the aortic arch as it 
passed to the right of the trachea 
(moderate compression). c Cari-
nal view with severe posterior 
compression of both left and 
right bronchial origins along 
the course of the Kommerell’s 
diverticulum behind the airway. 
d View from the origin of right 
main bronchus with severe com-
pression at the point of origin 
of the aberrant left subclavian 
artery from right aortic arch
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that investigation was considered. Tracheal compression 
was evident in 91% of asymptomatic patients and signifi-
cant tracheal compression was seen in 69%. Therefore, 
symptoms cannot be used as a reliable indicator of tracheal 
compression.

The management of this group of patients poses a clinical 
predicament. There is understandable reluctance to investi-
gate and potentially operate on infants without symptoms 
of airways compression, but our data show no mortality and 
a low rate of morbidity following surgery, in keeping with 

other data [13]. The view of our surgeons has been that if 
relief of the vascular ring is to be undertaken, the tissue of 
infants is more elastic and pliable, making the surgery tech-
nically easier in infants rather than older children. Previous 
reports have suggested that chronic symptoms after treat-
ment of symptomatic vascular rings are likely due to inad-
equate catch-up growth of the tracheal rings after relief of 
the chronic compression [14, 15] and this abnormal tracheal 
development can lead to airways collapse with air trapping 
and bronchiectasis [16]. The trachea almost triples its length 

Fig. 3   Results of investigation and findings in fetuses diagnosed with a right aortic arch

Fig. 4   Percentage of cases with significant (> 70%) tracheal, carinal right and left main bronchus compression in asymptomatic (n = 23) and 
symptomatic (n = 11) patients
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and diameter from birth to adolescence [17] and persisting 
vascular compression is likely to prevent this normal process 
of cartilage growth. Thus, a justification for early surgery is 
to reduce future problems with airway cartilage and poor 
tracheal growth. Long-term follow-up studies of sympto-
matic patients with double aortic arch or RAA with ALSA 
who underwent surgery to relieve tracheal compression from 
the vascular ring have shown that up to a third of patients 
have chronic respiratory symptoms [14, 15, 18–22] and per-
sistent postoperative asymptomatic tracheal obstruction has 
also been reported [15, 23]. This was seen in our cohort of 
symptomatic patients whereby three had significant tracheo-
malacia 3 years after the removal of the compression. There 
are no published longitudinal data of tracheal compression 
which shows it improves with time and in our cohort only 
one patient has declined surgery and has not been re-inves-
tigated as yet, therefore we cannot confirm that pursing a 
conservative approach in this asymptomatic cohort leads to 
irreversible tracheal damage, but the data in symptomatic 
patients suggest this. Furthermore, the timing of postnatal 
airways investigation in asymptomatic children needs to be 
balanced to avoid unnecessary investigations. Symptoms of 
airway compression in early infancy or in the 1st year of life 
may be difficult to recognize or not present due to low tidal 
volumes in small infants, there may be insufficient muscle 
power to generate clearly obstructive airway symptoms and 

activity levels are less strenuous. Symptoms include upper 
airways noise/stridor, recurrent chest infections, asthma and 
feeding difficulty which are common in childhood and they 
may not reach a threshold for investigation [24]. If conserva-
tive management is pursued, it is not known if these patients 
would develop symptoms later in childhood/adulthood as 
the majority of patients are discharged by 2 years of age and 
therefore longitudinal assessment is required [4].

Our study confirms that immediate respiratory dete-
rioration after delivery is unlikely, occurring in only one 
patient in our series, our advice for perinatal care is that staff 
and facilities for endotracheal intubation should be avail-
able. Patients remain under cardiology review throughout 
infancy and the rationale for combined bronchoscopy and 
CT or MRI imaging is discussed with parents. Our recom-
mended approach is that investigation is performed in the 
1st year; however, we are still evolving a protocol regard-
ing the exact timing as there is some preference that this is 
performed at 6 months of age such that earlier repair can be 
carried out. The gold standard diagnostic test for extrinsic 
pulsatile tracheal compression is a free-breathing dynamic 
bronchoscopy without positive airways pressure to prevent 
a false-negative assessment. If tracheal compression is con-
firmed, a CT or MRI scan is undertaken to identify the vas-
cular structures responsible. The advantage of a specialized 
CT protocol with contrast throughout the respiratory phase 

Table 1   Characteristics of 
asymptomatic and symptomatic 
patients

Statistically significant values (p < 0.05) are given in italics
Results are recorded as counts with percentages or as median (IQR)
*An atretic left aortic arch was diagnosed at the time of surgery

Asymptomatic patients Symptomatic patients p Value

No. of cases 23 11 –
Age at bronchoscopy—months 11 (6.6–29) 8 (4.0–22.9) 0.3
Weight at bronchoscopy—kg 8.0 (6–12) 7 (5–10) 0.4
No. of cases of aberrant left subclavian artery 21 (91%) 8 (72%) 0.3
No. of cases of atretic left aortic arch* 7/17 (47%) 4/10 (40%) 0.9
Tracheal compression
 Insignificant (< 50% compression) 2 (9%) 0
 Mild (51–70% compression) 5 (22%) 2 (18%)
 Significant (> 70% compression) 16 (69%) 9 (82%) 0.4

Carinal compression
 Insignificant (< 50% compression) 8 (36%) 4 (36%)
 Mild (51–70% compression) 4 (17%) 3 (27%)
 Significant (> 70% compression) 10 (43%) 4 (36%) 0.7

Right main bronchus compression
 Insignificant/mild (< 70% compression) 18 (78%) 7 (64%)
 Significant (> 70% compression) 5 (23%) 4 (36%)

Left main bronchus compression
 Insignificant/mild (< 70% compression) 19 (83%) 10 (91%)
 Significant (> 70% compression) 4 (17%) 1 (9%)

No. of operated cases 17/23 (74%) 10/11 (91%) 0.2
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compared to MRI is detection of dynamic airway issues 
with parenchymal lung views. The process is relatively rapid 
(minutes) compared to MRI, although involves a small dose 
of radiation. The mortality risks of these two combined pro-
cedures in our institution are extremely low (risk < 1:1000); 
however, bronchoscopy requires skilled operators [11]. A 
multidisciplinary approach to the analysis of findings is 
recommended with involvement of an airway service with 
experience of bronchoscopy in infants and the cardiac team 
to assist in anatomical assessment of the vascular structures.

Risk Stratification of RAA for Investigation

Currently, prenatal risk stratification for airways compres-
sion has been based on the presence of an ALSA and this is 
based upon classical teaching; however, in our series, infants 
with mirror image branching pattern were also found to have 
significant tracheal compression so this cannot be used in 
isolation. Fetal MRI provides good definition of vessels and 
could improve risk stratification as it can assist in identi-
fying cases where there is a patent diminutive left aortic 
arch during prenatal life which becomes atretic and persist 
as a fibrous cord by infancy [25]. An atretic left arch has 
been a common finding within our cohort and it cannot be 
confidently diagnosed on fetal echocardiography or post-
natal imaging as the lumen is obliterated. Therefore, cases 
of mirror image branching pattern, the prevalence of which 
is lower, should also be investigated and although a RAA 
may be evident on detailed imaging, this does not exclude a 
partial double aortic arch. Further assessment of the site at 
which the descending aorta crosses the midline is also highly 
relevant, if it crosses the midline in the upper mediastinum 
this creates additional pulsatility on the posterior aspect of 
the trachea [26].

Further risk stratification of children who are at risk of 
maldevelopment of tracheal cartilage may be possible with 
newer modalities such as optical coherence tomography [27] 
which is performed during bronchoscopy and can circumfer-
entially identify regions of cartilage within the airway. This 
may prove a useful tool to understand changes in tracheal 
cartilage morphology and may further assist in identifying 
airways which may be most at risk and warrant ongoing sur-
veillance. Risk stratification will become more important as 
improvements in prenatal screening programmes will result 
in an increased frequency of diagnosis of isolated RAA [5, 
9].

Limitations

This was a retrospective observational study describing 
our evolving experience of prenatally diagnosed RAA with 
LAD, thus the true denominator of airway involvement is 
not known in this condition. In the earlier cases, there was 

no precedence for detailed investigation of asymptomatic 
patients. More recently, asymptomatic cases were investi-
gated at the discretion of the attending consultant and there-
fore without patient-related bias. The identification of symp-
toms is difficult in pre-ambulant infants due to the reasons 
discussed.

A further patient group that was not studied is those RAA 
associated with other forms of congenital heart disease, for 
example, haemodynamically significant ventricular septal 
defects and tetralogy of Fallot [28]. The degree of tracheal 
compression in these cases is not known and screening 
bronchoscopy to identify asymptomatic tracheal compres-
sion should be considered in these cases given the findings 
of this study.

Conclusion

Significant tracheal compression may be present in infants 
with a RAA in the absence of symptoms. The absence of an 
ALSA does not exclude development of significant tracheal 
compression and in this group the presence of the left arte-
rial ligament alone or the co-existence of an atretic left aortic 
arch ligament is responsible for completing the anatomical 
vascular ring. If the potential for normal development of 
tracheal cartilage is to be optimized, early airway investiga-
tion should be considered even in asymptomatic patients. A 
prospective study is warranted.
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