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Abstract
Introduction
A double aortic arch (DAA) is a rare congenital vascular anomaly that encircles the trachea and esophagus,
resulting in compression of both structures and causing variable symptoms of wheezing, stridor, increased
work of breathing, or dysphagia. DAA usually presents in infancy but can be incidentally found later in life.
The standard management of DAA is surgical repair. However, observation and follow-up have been
recommended in asymptomatic or mild cases. The long-term outcome of surgical repair versus observation
is not well-reported. We described the long-term clinical outcome of patients with DAA who were surgically
repaired versus non-repaired at our institution. 

Methods
Electronic medical records were searched for the patients diagnosed with DAA before the age of 18 years.
Data from clinical, radiological, and bronchoscopic findings, pulmonary function test (PFT), and
cardiopulmonary exercise testing (CPET) were extracted. A structured phone questionnaire of patients’
parents regarding past and current symptoms was also conducted.

Results
A total of 12 patients (eight males four females) with DAA were identified. Median age was 8.5 (1.5-17) years.
The age at diagnosis was 60 (1-192) months. Post diagnosis follow-up period was 20 (2-156) months. Five
patients were surgically repaired, and seven patients were not repaired. The median age of surgery was five
(1-15) years in repaired patients. The phone questionnaire was completed in only 10 patients (five repaired
and five non-repaired). Respiratory symptoms in infancy were reported in all repaired and non-repaired
patients and were resolved in all five repaired patients and in four of the five non-repaired patients. One
non-repaired patient complained of intermittent dyspnea on exertion. Gastrointestinal symptoms were
present in infancy in three repaired and three non-repaired patients and were improved in two repaired and
one non-repaired patient. PFT was performed in five patients (one repaired, four non-repaired) and showed
normal forced expiratory volume in one second (FEV1), forced vital capacity (FVC), and FEV1/FVC in all
patients. Low peak expiratory flow (PEF) was seen in the repaired patient and in three of the non-repaired
patients. CPET was conducted in four non-repaired patients and showed maximal oxygen consumption
(VO2-max) of 66% predicted (58-88), maximal ventilation (VE-max) of 75% predicted (70-104), and
ventilatory reserve of 55% predicted (48-104). 

Conclusion
Long-term clinical outcome is favorable in both repaired and non-repaired patients with DAA even though
both groups reported respiratory symptoms during infancy. Therefore, clinical observation is a legitimate
option in certain DAA patients.

Categories: Pediatrics, Cardiology, Pulmonology
Keywords: double aortic arch (daa), vascular ring, conservative management, surgical outcome, children

Introduction
A double aortic arch (DAA) is a rare vascular congenital anomaly [1]. The estimated prevalence of vascular
rings is about 1%. DAA is considered the most common of complete vascular rings as it accounts for 46-76%
of the complete vascular rings, making congenital DAA the most common vascular malformation in the
congenital annulus [1,2]. DAA can also be isolated or in conjunction with other congenital cardiac anomalies
in around 12.6% of the identified cases. An association with chromosome 22q11 deletion, trisomy 21, and
other syndromes was reported in up to 20% of cases [3].

The embryonic development of DAA is due to the persistence of the fourth branchial arch and the dorsal
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aorta, leading to a complete vascular ring that encircles both the trachea and the esophagus, causing
significant symptoms due to compression of both structures [4].

Symptoms of compression include stridor, wheezing, increased work of breathing, and dysphagia. Most
affected patients present with symptoms early in infancy [3]. However, DAA can also be asymptomatic and
found incidentally later in life by chest imaging [5] or by echocardiography [6], as described in several case
reports [7-9].

There is no current consensus on the indications or the long-term outcomes of observational against
surgical management.

In symptomatic patients, the standard management is surgical by ligation and division of the non-dominant
arch and the ligamentum arteriosum via posterior thoracotomy [10]. Alternatively, observation and follow-
up have been recommended in asymptomatic or mild cases, as described in a few case reports [7-9].

Favorable, yet variable, surgical outcomes were described in the literature. Alsenaidi et al. [11] reported the
largest review of surgically repaired 81 patients with DAA. Nonetheless, residual respiratory symptoms have
been reported in around half of the patients (54%) post-surgical repair. Postoperative tracheal stenosis
(14%) and tracheomalacia (7%) were also documented and attributed to the maldevelopment of the trachea
caused by vascular compression [12]. Van Son et al. [13] reported 18 patients with DAA whose symptoms
recovered postoperatively after a mean follow-up of around 19 years. Anand et al. [14] reported that 36% of
the 14 followed patients with DAA had persistent respiratory symptoms after an interval follow-up of four
years. Chun et al. [15] also reported that 47% of the studied 11 patients had only mild residual symptoms.

In this study, we describe the clinical, functional, and radiological characteristics and clinical outcomes of
patients with repaired and non-repaired double aortic arch at our institution. Our aim is to provide a clinical
review of both repaired and non-repaired cases, which would lead to a better understanding of the optimal
management strategies for patients with DAA and improve their outcomes.

Materials And Methods
The study was primarily a retrospective study with a phone questionnaire of past and current reported
symptoms. The electronic medical records of all patients who were diagnosed with DAA before the age of 18
years and who were followed at our institution were reviewed between January 2017 and June 2021. This
study was conducted at Sidra Medicine, Qatar, which represents the sole pediatrics tertiary hospital that
commissioned surgical and pediatric cardiac outpatient clinics in early 2018. The study included patients
who were operated on at our institution from 2018 to 2021, in addition to patients who were operated on
outside of our institution prior to that period (2011-2017) and continued to follow at our subspecialties
clinics.

The data on clinical observations and radiological findings were extracted from medical charts. At our
institution, spirometry and cardiopulmonary exercise testing (CPET) were offered for children above six
years of age as part of pulmonary function tests (PFTs) to evaluate lung function and exercise capacity,
especially since some of the patients in our cohort had exertional symptoms. The spirometric data of the PFT
and CPET were also collected. The type of management and clinical outcome were also documented. A
structured phone questionnaire was conducted to obtain the past (in infancy) and current symptoms, as
reported by the parents of the patients. The questionnaire was performed over the phone due to COVID-19
restrictions at the time of the study. It was in either Arabic or English according to the preferred language of
the parents. The parents were informed that their participation was voluntary and that the research was
anonymous and confidential. The historical data from the parents who agreed to answer our questionnaire
were collected in the study, while the historical data from the parents who declined or were unreachable were
not incorporated in the study. The parents/caregivers of the involved patients were called by one of the study
team members. The questions and clinical signs, such as tachypnea, wheezing, and stridor, were discussed
and explained to the parents/caregivers. Some of the clinical information such as the recurrence of chest
infections was verified from medical charts. A copy of the questionnaire is available in Appendix 1.

The parents’ reported respiratory, gastrointestinal, and cardiac symptoms and growth were evaluated as
part of the structured questionnaire. The data about the outcomes were extracted as a combination of the
reported symptoms by the parents, growth charts, and spirometry/CPET.

The results of the performed radiological studies such as the chest radiographs, chest computed
tomography-angiography (CTA), and barium esophagography were collected. Video-fluoroscopic swallowing
studies (VFSS) and flexible bronchoscopy results were also collected.

Statistical analysis was limited by the small sample size, which is anticipated in rare diseases and small
countries such as Qatar. We reported the results as descriptive statistics, such as frequencies and
percentages, and medians with (ranges) and/or standard deviations.
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The study was approved by the Institutional Review Board of Sidra Medicine (IRB#1772525) on 27/7/2021.

Results
A total of 12 patients with DAA were identified, with a male-to-female ratio of 2:1. The median age at
assessment was 8.5 (1.5-17) years. The median age at diagnosis was 60 (1-192) months. The interval period
between diagnosis and the time of conducting the study (follow-up interval) was at a median of 20 (2-156)
months. Three of our patients had a follow-up interval of less than a year. Those three patients were the
cases that were discovered incidentally and were not surgically repaired, and their families reported mild or
no symptoms for years prior to the diagnosis of DAA.

Nine patients (75%) had right aortic arch dominance. Other associated cardiac lesions were identified in only
three patients. The associated cardiac lesions were aortic insufficiency, epicardial cyst, and ventricular septal
defect (VSD) with duplication of the superior vena cava. Four patients had associated other congenital
conditions, including one patient with chromosome 22q11 deletion. The other congenital anomalies
included chromosome 7 microdeletion, hemihypertrophy, and pectus excavatum. The diagnosis was
incidental in 25% of our patients, but all patients were symptomatic in infancy.

Five patients were surgically repaired, and seven patients were not repaired. The median age at surgical
repair was 5 (1-15) years in the five repaired patients. The demographic and clinical characteristics are
summarized in Table 1.
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 Median (Range)

Age at diagnosis 60 (1-192 months)

Follow-up interval 20 (2-156 months)

Age at surgery (for repaired patients, N=5) 5 (1-15 years)

 Number of patients (N%)

Gender

Male 8 (67%)

Female 4 (33%)

Type of DAA branch dominance

Right 9 (75%)

Left 2 (17%)

Balanced 1 (8%)

Associated conditions

Isolated 8 (67%)

Part of other congenital anomalies 4 (33%)

Associated congenital cardiac anomalies

Present 3 (25%)

Absent 9 (75%)

Incidental diagnosis  

Yes 3 (25%)

No 9 (75%)

Type of management

Surgical repair 5 (42%)

No surgical repair 7 (58%)

Total patients 12 (100%)

TABLE 1: Demographic and clinical characteristics.
DAA: Double aortic arch

The phone questionnaire was conducted on only 10 patients (five repaired and five non-repaired).
Respiratory symptoms in infancy, mainly wheezing, were the most common reported symptoms in all
repaired and non-repaired patients and were improved in all five repaired patients and in four out of five
non-repaired patients. One non-repaired patient complained of intermittent dyspnea on exertion, leading to
exercise limitation. Gastrointestinal symptoms were present in infancy in three repaired and three non-
repaired patients and were improved in two repaired patients and one non-repaired patient. Growth
retardation was reported and identified in two patients from the repaired group; one of them persisted
despite surgical repair. The growth retardation may be attributed to the severity of the DAA symptoms,
including tachypnea, retractions, and stridor, which would lead to increased energy expenditure. Meanwhile,
none of the patients in the non-repaired group had growth retardation either in infancy or at follow-up.
Questionnaire results are summarized in Table 2.
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 Repaired DAA (N= 5) Non-repaired DAA (N=5)

Symptoms In infancy, N (%) Current/Follow-up, N (%) In infancy, N (%) Current/Follow-up, N (%)

Respiratory symptoms 5 (100%) 0 (0%) 5 (100%) 1 (20%)

Wheeze 5 (100%) 0 (0%) 5 (100%) 0 (0%)

Stridor 1 (20%) 0 (0%) 2 (40%) 0 (0%)

Recurrent chest infections 3 (60%) 0 (0%) 2 (40%) 0 (0%)

Tachypnea 3 (60%) 0 (0%) 2 (40%) 0 (0%)

Dyspnea 2 (40%) 0 (0%) 1 (20%) 1 (20%)

Retractions 1 (20%) 0 (0%) 1 (20%) 0 (0%)

Gastrointestinal symptoms 3 (60%) 1 (20%) 3 (60%) 2 (40%)

Difficulty in swallowing 2 (40%) 1 (20%) 3 (60%) 2 (40%)

Choking with feeds 3 (60%) 0 (0%) 0 (0%) 0 (0%)

Increased oral secretions 0 (0%) 0 (0%) 2 (40%) 0 (0%)

Gastroesophageal reflux 1 (20%) 0 (0%) 1 (20%) 1 (20%)

Cardiac symptoms 0 (0%) 1 (20%) 1 (20%) 1 (20%)

Cyanosis 0 (0%) 0 (0%) 1 (20%) 0 (0%)

Limitations to physical activity 0 (0%) 1 (20%) 0 (0%) 1 (20%)

Growth retardation 2 (40%) 1 (20%) 0 (0%) 0 (0%)

TABLE 2: Reported symptoms in infancy and at follow-up in surgically repaired and non-repaired
patients with double aortic arch.

PFTs were performed in five patients (one in the repaired group and four in the non-repaired group). They
showed normal FEV1, FVC, and FEV1/FVC in all patients. Low peak expiratory flow (PEF) was seen in the
repaired patients and in three of the non-repaired patients.

CPET was conducted in four non-repaired patients and showed no evidence of exercise limitation and
normal cardiovascular, ventilatory, and gas exchange responses. The median maximal oxygen consumption
(VO2-max) was 66% (58-88%) predicted, maximal expired ventilation (VE-max) of 75% (70-104%) predicted,
and ventilatory reserve of 55% (48-104%) predicted. The findings of PFT and CPET are summarized in Table
3.
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Spirometry Measurements (N=5) Median (Range)

FEV1% Predicated 90% (71-107%)

FVC% Predicted 96% (89-110%)

FEV1/FVC 80 (70-85)

FEF25-75% Predicted 78% (50-93%)

PEF% Predicted 52% (43-88%)

Cardiopulmonary exercise test measurements (N=4)

VO2 Max (% Predicted) 66% (58-88%)

VE max (% Predicted) 75% (70-104%)

Ventilatory reserve (% Predicted) 55% (48-104%)

TABLE 3: Pulmonary function test and cardiopulmonary exercise test data.
FEV1: Forced expiratory volume in 1 second; FVC: Forced vital capacity, FEF25-75%: Forced mid-expiratory flow; PEF: Peak expiratory flow; VO2-Max:
Maximal oxygen consumption; VE-max: Maximal expired ventilation

The diagnosis of DAA in our series was established via chest computed tomography-angiography (CTA). A
radiological illustration of the anatomical compression is depicted in Figure 1.

FIGURE 1: An axial view of computed tomography of the chest in one of
the patients enrolled in the study illustrates the balanced double aortic
arch (asterisk *) encircling both the trachea (blue arrowhead) and the
esophagus (red arrowhead). B: A posterior view of volume-rendered
reconstruction of the same patient illustrating the double aortic arch
encircling the trachea (esophagus was not re-constructed).

Chest radiograph was suggestive prior to CTA in only one patient in our series. Barium esophagography was
performed in only five patients and revealed the typical findings of posterior indentation on the esophagus
caused by the presence of DAA. VFSS was performed in two patients during infancy, and one of them showed
signs of aspiration, while the VFSS was normal in the other patient. Flexible bronchoscopy was performed in
five patients in our series and showed pulsatile tracheal compression. One patient had the flexible
bronchoscopy prior to the diagnosis by CTA, which suggested and guided the diagnosis of DAA, while the
remainder flexible bronchoscopies were performed after establishing the radiological diagnosis of DAA.

Discussion
In this study, we report the clinical presentation and outcome of surgically repaired and non-repaired cases
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of DAA at our institution.

DAA is a rare congenital vascular anomaly. Although aberrant right subclavian artery is the most common
anomaly arising from the aorta with an incidence of 0.5%-2% worldwide [16], DAA is considered the most
common form of complete vascular rings [1,2]. DAA usually manifests in infancy earlier in comparison with
other types of vascular rings [13], causing significant respiratory and gastrointestinal symptoms.

There is no specific gender or race inclination. In our study, the male-to-female ratio was 3:1, but we
attribute these results to the small number of patients. DAA can be associated with other congenital cardiac
anomalies in about 12.6% of the cases. VSD, tetralogy of Fallot, and other complex congenital heart
conditions were previously reported [3]. In our cohort, we reported three patients who had an associated
congenital cardiac disease, one of them had VSD, while the remaining had insignificant cardiac disease
(epicardial cyst and aortic insufficiency).

DAA can also be isolated or in the context of other chromosomal abnormalities, such as chromosome 22q11
deletion and trisomy 21 syndromes. McElhinney et al. studied 66 cases of 22q11 chromosome
microdeletions, 14% of which had clinical symptoms of DAA, which became an important etiological factor
in DAA [17]. Only one case out of the 12 patients with DAA in our cohort was identified as chromosome
22q11 deletion. The same patient had an isolated finding of DAA with no other associated cardiac anomalies.

Clinical suspicion of a vascular ring, in the context of persistent wheeze and dysphagia, should warrant
further investigations to establish diagnosis and to assess for associated congenital cardiac anomalies.

Echocardiography also showed 100% sensitivity in the diagnosis of double aortic arch with both patent
branches with similar diameters. Echocardiography showed lower diagnostic accuracy in patients with
double aortic arch and atresia of one of its branches [18].

Chest X-rays may be suggestive when the right-sided aortic arch indents the trachea and increases the right
paratracheal soft tissue thickness. Contrast swallow studies can also be more helpful. The lateral view
demonstrates a posterior indentation caused by the encircling posterior arch [19]. Flexible bronchoscopy
may also be suggestive of the diagnosis by finding the typical tracheal compression [20]. The diagnosis is
confirmed by CTA, which can also delineate the anatomy for surgical planning [19].

In our study, respiratory symptoms in infancy, mainly wheezing, were the most prevalent symptoms. Life-
threatening apneas and cyanosis secondary to reflux have been previously reported [21]. Fortunately, none
of the patients in our cohort had a similar presentation.

The reported respiratory symptoms resolved at the time of the study in all interviewed patients, except for
one patient who was in the non-repaired group and who reported only intermittent shortness of breath on
exertion. Gastrointestinal symptoms resolved in 67% of children in the repaired group, compared with 33%
in the non-repaired group. However, the symptoms were not significant or troublesome to patients to
necessitate surgical intervention.

In our study, we reported the results of CPET in four patients with DAA. All patients had normal
cardiovascular, ventilatory, and gas exchange responses. These results aided the discussion and decision-
making of the observational approach. The four patients required no surgical intervention.

To date, there is no available data on CPET in cases of DAA or vascular ring. Our sample size was too small
to strongly recommend the utilization of CPAET in the pre-surgical assessment. However, CPET offers an
objective tool in the assessment of exercise limitation and outcome measure of the respiratory or cardiac
limitation caused by the DAA compression. It may also aid in the decision of surgical repair versus
observation approach in older children. However, we understand that this would not be feasible in infants
who are the most affected population.

Further prospective and comparative studies are required: To (1) evaluate whether the resolution of
symptoms is related to the surgical repair or age-related anatomical changes, (2) develop an individualized
approach in children with DAA for surgical indications, and (3) assess time-interval for the resolution of
symptoms.

Previous studies have reported variable long-term surgical outcomes. To our knowledge, none described the
long-term outcomes in non-repaired cases of DAA. However, the incidental diagnosis of DAA in adulthood
and the favorable long-term clinical outcomes in both repaired and non-repaired patients with DAA indicate
that clinical observation is a legitimate option in certain DAA patients.

Limitations of the study
Our study reported a small sample size. There is a recall bias given the retrospective design of the study.
Additionally, the follow-up period for long-term outcomes is lacking in some patients. The improvement/or
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persistence of symptoms is difficult to interpret, especially without a detailed analysis of possible
correlations with other confounding factors. However, it is the only study that describes both surgically
repaired and non-repaired cases of DAA in one institution. We understand that the two groups of patients
are different in terms of symptoms and management. Additionally, analyzing and describing these two
groups can still provide valuable insights into the outcomes and potential benefits and indications of repair
in symptomatic cases. Additionally, our study was the only study to report CPET in children with DAA. We
understand that we cannot strongly recommend its use in all cases of DAA. However, CPET utilization in
pre-surgical assessments and monitoring may be a target of future studies led by our small group of
patients.

Conclusions
DAA is a rare congenital vascular malformation that can be easily misdiagnosed. Echocardiography
combined with CT and airway reconstruction can be diagnosed effectively. Once diagnosis is confirmed,
whether the compression on the trachea must exist and whether surgical intervention is required is
controversial. However, as for the symptomatic patients, surgical repair is warranted. The airway
compression and potential tracheal stenosis caused by DAA is lighter than that of other types of vascular
rings, it can be safely observed without surgery, and it is possible to return to normal with its own growth
and development. Therefore, clinical observation is a legitimate option in certain DAA patients.

Appendices
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Symptoms in Infancy Current Symptoms (at Follow-up)

Respiratory Symptoms
Yes/No/Not
sure

Respiratory Symptoms
Yes/No/Not
sure

Wheeze (Any whistling sound while breathing in infancy –
Sound explained)?

 
Wheeze (Any whistling sound while breathing
currently)?

 

Stridor (Any noisy breathing in the form of stridor in infancy
– Noise explained)?

 
Stridor (Any noisy breathing in the form of stridor
currently)?

 

Recurrent chest infections (Any recurrent chest infections
(>3 episodes) requiring antibiotics in infancy?)

 
Recurrent chest infections (Any recurrent chest
infections requiring antibiotics in the past year?)

 

Tachypnea (Any fast breathing in infancy – Expected
respiratory rate (RR) in infancy was explained?)

 
Tachypnea (Any fast breathing currently–
Expected RR for the specific age group was
explained?)

 

Dyspnea (Any shortness of breath in infancy?)  Dyspnea (Any shortness of breath currently?)  

Chest retractions (Any persistent chest retraction in infancy
- Retractions explained)?

 
Chest retractions (Any persistent chest retraction
currently?)

 

Gastrointestinal Symptoms
Yes/No/Not
sure

Gastrointestinal Symptoms
Yes/No/Not
sure

Difficulty Swallowing (Any difficulty in swallowing or
pooling of food/milk in infancy)?

 
Difficulty Swallowing (Any current difficulty in
swallowing with solid food or liquids)?

 

Choking with Feeds (Any choking with food/milk in
infancy)?

 
Choking with Feeds (Any current choking with
solid food or liquids)?

 

Increased Oral Secretions (Any excessive drooling of
saliva in infancy)?

 
Increased Oral Secretions (Any current excessive
oral secretions or drooling of saliva)?

 

Gastroesophageal Reflux (GERD) (Any persistent
vomiting, arching of the back, or diagnosis of GERD in
infancy)?

 
Gastroesophageal Reflux (GERD) (Any current
persistent vomiting, heartburn, or diagnosis of
GERD)?

 

Cardiac Symptoms
Yes/No/Not
sure

Cardiac Symptoms
Yes/No/Not
sure

Cyanosis (Any bluish discoloration around the mouth
during infancy?)

 
Cyanosis (Any current bluish discoloration around
the mouth at rest or activity?)

 

Limitations in Physical Activity (Any pausing/sweating with
feeds or activity in infancy?)

 
Limitation in Physical Activity (Any current
exercise limitation?)

 

Growth Retardation
Yes/No/Not
sure

Growth Retardation
Yes/No/Not
sure

(Any concerns regarding failure to gain weight or grow in
infancy?)

 
Any current concerns regarding growth or failure
to gain weight?

 

TABLE 4: The questionnaire used for data collection.

Additional Information
Disclosures
Human subjects: All authors have confirmed that this study did not involve human participants or tissue.
Animal subjects: All authors have confirmed that this study did not involve animal subjects or tissue.
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

2024 Hamad et al. Cureus 16(5): e60463. DOI 10.7759/cureus.60463 9 of 10



References
1. Lima JA, Rosenblum BN, Reilly JS, Pennington DG, Nouri-Moghaddam S: Airway obstruction in aortic arch

anomalies. Otolaryngol Head Neck Surg. 1983, 91:605-9. 10.1177/019459988309100603
2. Backer CL, Mavroudis C, Rigsby CK, Holinger LD: Trends in vascular ring surgery. J Thorac Cardiovasc Surg.

2005, 129:1339-47.
3. Trobo D, Bravo C, Alvarez T, Pérez R, Gámez F, De León-Luis J: Prenatal sonographic features of a double

aortic arch: literature review and perinatal management. J Ultrasound Med. 2015, 34:1921-7.
10.7863/ultra.14.12076

4. Congdon ED: Transformation of the aortic arch system during the development of the human embryo .
Contrib Embryol. 1922, 14:47-110.

5. van Son JA, Julsrud PR, Hagler DJ, et al.: Imaging strategies for vascular rings . Ann Thorac Surg. 1994,
57:604-10. 10.1016/0003-4975(94)90552-5

6. Lillehei CW, Colan S: Echocardiography in the preoperative evaluation of vascular rings . J Pediatr Surg.
1992, 27:1118-20. 10.1016/0022-3468(92)90571-N

7. Sariaydin M, Findik S, Atici AG, Ozkaya S, Uluisik A: Asymptomatic double aortic arch. Int Med Case Rep J.
2010, 3:63-6. 10.2147/imcrj.s12009

8. Kajikawa Y, Takemoto S, Suganami Y, Inoue M: Asymptomatic double aortic arch. Intern Med. 2005, 44:356-
7. 10.2169/internalmedicine.44.356

9. Noguchi K, Hori D, Nomura Y, Tanaka H: Double aortic arch in an adult. Interact Cardiovasc Thorac Surg.
2012, 14:900-2. 10.1093/icvts/ivs060

10. Nikaido H, Riker WL, Idriss FS: Surgical management of "vascular rings" . Arch Surg. 1972, 105:327-33.
10.1001/archsurg.1972.04180080173029

11. Alsenaidi K, Gurofsky R, Karamlou T, Williams WG, McCrindle BW: Management and outcomes of double
aortic arch in 81 patients. Pediatrics. 2006, 118:e1336-41. 10.1542/peds.2006-1097

12. Fleck RJ, Pacharn P, Fricke BL, Ziegler MA, Cotton RT, Donnelly LF: Imaging findings in pediatric patients
with persistent airway symptoms after surgery for double aortic arch. AJR Am J Roentgenol. 2002, 178:1275-
9. 10.2214/ajr.178.5.1781275

13. van Son JA, Julsrud PR, Hagler DJ, et al.: Surgical treatment of vascular rings: the Mayo Clinic experience .
Mayo Clin Proc. 1993, 68:1056-63. 10.1016/S0025-6196(12)60898-2

14. Anand R, Dooley KJ, Williams WH, Vincent RN: Follow-up of surgical correction of vascular anomalies
causing tracheobronchial compression. Pediatr Cardiol. 1994, 15:58-61. 10.1007/BF00817607

15. Chun K, Colombani PM, Dudgeon DL, Haller JA: Diagnosis and management of congenital vascular rings: a
22-year experience. Ann Thorac Surg. 1992, 53:597-603. 10.1016/0003-4975(92)90317-W

16. Baig A, Fortner C, Rivera M, Merrow J, Gupta S, Sher E, Mortelliti A: Vascular anomaly: cause of infant
respiratory distress and dysphagia. Respir Med Case Rep. 2019, 28:100908. 10.1016/j.rmcr.2019.100908

17. McElhinney DB, Clark BJ, Weinberg PM, et al.: Association of chromosome 22q11 deletion with isolated
anomalies of aortic arch laterality and branching. J Am Coll Cardiol. 2001, 37:2114-9. 10.1016/S0735-
1097(01)01286-4

18. Yoo SJ, Bradley TJ: Vascular rings, pulmonary arterial sling, and related conditions . Paediatric Cardiology.
Anderson RH, Baker EJ, Redington A, Rigby ML, Penny D (ed): Churchill Livingstone/Elsevier, Philadelphia,
PA; 2009. 967:967-89.

19. Pasternack DM, Ludomirsky A, Tan RB, Amirtharaj C: Variations in the evaluation and management of
vascular rings: a survey of American clinicians. Pediatr Cardiol. 2024, 45:959-66. 10.1007/s00246-024-
03442-8

20. Houba A, Bensghir M, Ahtil R, Slioui B, Balkhi H, Lalaoui SJ: Double aortic arch presenting with respiratory
distress: a case report and review of the literature. Saudi J Anaesth. 2017, 11:483-5. 10.4103/sja.SJA_249_17

21. Fearon B, Shortreed R: LXX tracheobronchial compression by congenital cardiovascular anomalies in
children: syndrome of apnea. Ann Otol Rhinol Laryngol. 1963, 72:949-69. 10.1177/000348946307200409

2024 Hamad et al. Cureus 16(5): e60463. DOI 10.7759/cureus.60463 10 of 10

https://dx.doi.org/10.1177/019459988309100603
https://dx.doi.org/10.1177/019459988309100603
https://www.sciencedirect.com/science/article/pii/S0022522305001406
https://dx.doi.org/10.7863/ultra.14.12076
https://dx.doi.org/10.7863/ultra.14.12076
https://embryology.med.unsw.edu.au/embryology/index.php?title=Paper_-_Transformation_of_the_aortic-arch_system_during_the_development_of_the_human_embryo_(1922)
https://dx.doi.org/10.1016/0003-4975(94)90552-5
https://dx.doi.org/10.1016/0003-4975(94)90552-5
https://dx.doi.org/10.1016/0022-3468(92)90571-N 
https://dx.doi.org/10.1016/0022-3468(92)90571-N 
https://dx.doi.org/10.2147/imcrj.s12009
https://dx.doi.org/10.2147/imcrj.s12009
https://dx.doi.org/10.2169/internalmedicine.44.356
https://dx.doi.org/10.2169/internalmedicine.44.356
https://dx.doi.org/10.1093/icvts/ivs060
https://dx.doi.org/10.1093/icvts/ivs060
https://dx.doi.org/10.1001/archsurg.1972.04180080173029
https://dx.doi.org/10.1001/archsurg.1972.04180080173029
https://dx.doi.org/10.1542/peds.2006-1097
https://dx.doi.org/10.1542/peds.2006-1097
https://dx.doi.org/10.2214/ajr.178.5.1781275
https://dx.doi.org/10.2214/ajr.178.5.1781275
https://dx.doi.org/10.1016/S0025-6196(12)60898-2
https://dx.doi.org/10.1016/S0025-6196(12)60898-2
https://dx.doi.org/10.1007/BF00817607
https://dx.doi.org/10.1007/BF00817607
https://dx.doi.org/10.1016/0003-4975(92)90317-W
https://dx.doi.org/10.1016/0003-4975(92)90317-W
https://dx.doi.org/10.1016/j.rmcr.2019.100908
https://dx.doi.org/10.1016/j.rmcr.2019.100908
https://dx.doi.org/10.1016/S0735-1097(01)01286-4
https://dx.doi.org/10.1016/S0735-1097(01)01286-4
https://www.researchgate.net/publication/283378674_Vascular_Rings_Pulmonary_Arterial_Sling_and_Related_Conditions
https://dx.doi.org/10.1007/s00246-024-03442-8
https://dx.doi.org/10.1007/s00246-024-03442-8
https://dx.doi.org/10.4103/sja.SJA_249_17
https://dx.doi.org/10.4103/sja.SJA_249_17
https://dx.doi.org/10.1177/000348946307200409
https://dx.doi.org/10.1177/000348946307200409

	Long-Term Outcome of Surgically Repaired and Non-repaired Double Aortic Arch in Children
	Abstract
	Introduction
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Results
	TABLE 1: Demographic and clinical characteristics.
	TABLE 2: Reported symptoms in infancy and at follow-up in surgically repaired and non-repaired patients with double aortic arch.
	TABLE 3: Pulmonary function test and cardiopulmonary exercise test data.
	FIGURE 1: An axial view of computed tomography of the chest in one of the patients enrolled in the study illustrates the balanced double aortic arch (asterisk *) encircling both the trachea (blue arrowhead) and the esophagus (red arrowhead). B: A posterior view of volume-rendered reconstruction of the same patient illustrating the double aortic arch encircling the trachea (esophagus was not re-constructed).

	Discussion
	Limitations of the study

	Conclusions
	Appendices
	TABLE 4: The questionnaire used for data collection.

	Additional Information
	Disclosures

	References


