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Purpose: Vascular rings are often diagnosed after evaluation for swallowing and breathing difficulties. Data re-
garding symptoms following vascular ring repair is sparse. We sought to determine whether symptoms persist
using chart review and a survey.
Methods: Sixty-three patients underwent open vascular ring repair from July 2007 to May 2018. Data regarding
vascular anatomy, demographics, pre- and postoperative symptoms, and chromosomal abnormalities were col-
lected. Freedom from reoperation, 30-day mortality, and complications were assessed. Patient families were
contacted for a symptom focused survey.
Results: The median age of surgical intervention was 14.4 months (IQR 5.8–34.7 months) for single aortic arches
with an aberrant subclavian artery (SAA), and 5.3 months (IQR 1.3–10.1 months) for double aortic arches (DAA)

(Table). Prior to surgery, all but two SAAwere symptomatic. Therewas no operativemortality. Three patients re-
quired re-exploration for chylothorax, and three required late aortopexy. At last follow-up, 45% (18/40) SAA and
65% (15/23) DAA had post-operative symptoms. Fourteen patient families completed the symptom survey (10
SAA, 4 DAA). Five SAA had breathing and swallowing symptoms, and 3 SAA and 3 DAA had breathing difficulties.
Conclusions: Open vascular ring repair remains a safe repair. However, further investigation of the persistent
symptoms in these patients is merited.
Study Type / Level of Evidence: Retrospective Comparative Study, Level III

© 2020 Elsevier Inc. All rights reserved.
The differential diagnosis for breathing and swallowing difficulties in
children is broad. The diagnosis of a vascular ring is often made after ex-
tensive investigation. The most common form of vascular ring is a single
aortic arch (SAA) known as a Neuhauser anomaly. A Neuhauser anomaly
consists of a right aortic arch, aberrant left subclavian artery and a left
ligamentum arteriosum. The mirror image SAA or a left aortic arch, aber-
rant right subclavian artery, and a right ligamentum arteriosumoccurs far
less frequently. The secondmost common vascular ring is a double aortic
arch (DAA) with one dominant and usually one atretic arch (Fig. 1). The
majority of patients with vascular rings present with respiratory symp-
toms as an indication for repair. The remainder present with swallowing
difficulties [1–6]. Children often present with symptoms in the first few
months of life and require surgery within the first year of life [1, 2, 7].

Surgical repair of a vascular ring is thought to provide relief of respi-
ratory and swallowing symptoms, yet few studies have reported on the
resolution of symptoms after surgery. The majority of papers have
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follow-up between six months and two years [3, 4, 8, 9]. The longest
study followed patients to a median of 11 years. However, this report
was over a four-decade period (1978-2014) [10]. In addition, the role
of subclavian reimplantation as part of vascular ring repair has been
evolving. As most studies did not follow their patients beyond two
years, we sought to determinewhether vascular ring repair is successful
in relieving preoperative breathing and swallowing symptoms in our
contemporary series.

1. Methods

1.1. Study sample

With IRB approval, we retrospectively reviewed 63 consecutive pa-
tients who underwent isolated repair of a vascular ring via thoracotomy
from July 2007 to May 2018 at our institution. Data were collected re-
garding demographics, genetic abnormalities or syndromes, vascular
ring anatomy, perioperative morbidity, operative mortality, as well as
operative technique. Vascular ring anatomy was based on operative re-
ports and preoperative imaging. Respiratory and swallowing symptoms
were obtained from the preoperative notes, operative reports and the
most recent and relevant outpatient clinic visit documented in the elec-
tronic record.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jpedsurg.2019.12.022&domain=pdf
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Fig. 1.Representative images of vascular rings –A: Single aortic arch. B:DoubleAortic Arch. Reproducedwith permission fromBackerCL,Mavroudis C. Vascular rings andpulmonary artery
sling. In: Mavroudis C, Backer Cl. Pediatric Cardiac Surgery, Philadelphia: Wiley; 2003; 234-255. [7]

Table 1
Patient demographics

Single aortic arch
n=40 (%)

Double aortic arch
n=23 (%)

Sex (male) 25 (62.5) 12 (52.2)
Median age at
repair (months) (IQR)

14.4 mo (5.8–34.7 mo) 5.3 mo (1.3–10.1 mo)

Chromosomal abnormalities 15 (37.5)a 1 (4.3)
Pre-op respiratory symptoms 34 (85) 23 (100)
Pre-op swallowing symptoms 25 (62.5) 11 (47.8)

a p=0.004
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1.2. Survey

As our patients are young, their families were contacted by phone
and offered a symptom focused survey to determine if therewas resolu-
tion of breathing and swallowing symptoms after surgery (Supplemen-
tals 1–2). Each family received two phone calls and a voicemail if
possible. All familieswho completed the survey consented to study par-
ticipation. The respiratory portion of the survey consisted of 7 questions
modified from the Self Evaluation of Breathing Questionnaire [11]. The
PEDI-EAT 10 was used to assess for swallowing symptoms and had
10 questions [12].

1.3. Surgical technique

Vascular ring repair was performed through a thoracotomy contra-
lateral to the dominant arch in all patients. The ligamentum arteriosum
was divided in all SAA and DAA as well as the non-dominant arch seg-
ment for DAA. Depending on surgeon preference and anatomic consid-
erations, SAA patients underwent resection of the Kommerell’s
diverticulum and reimplantation of the aberrant subclavian artery to
the ipsilateral carotid artery. Our institutional preference in the past
seven years has been to perform reimplantation of the subclavian artery
where possible for SAA.

1.4. Statistical analysis

The Fischer’s exact test was used for categorical variables and the
Mann-Whitney test for continuous variables with a p b 0.05 denoting
statistical significance. (SPSS version 24, Released 2016; IBM Corp.,
Armonk, NY)

2. Results

2.1. Preoperative characteristics

Forty patients had SAA, and 23 patients had DAA. The majority of
SAA patients (39) had a Neuhauser anomaly – a right sided aortic
arch, an aberrant left subclavian artery with a left ligamentum. One
SAA patient had mirror-imaging. The median age at the time of repair
was 14.4 months (IQR 5.8–34.7 months) for the SAA group, and 5.3
months (IQR 1.3–10.1 months) for the DAA group. Preoperatively, 34
SAA (85%) had respiratory symptoms, and 25 (62.5%) had swallowing
symptoms. All patients with DAA had respiratory symptoms, and 11
(48%) had swallowing symptoms (Table 1). CT was the most common
diagnostic modality (82.5%, 52/63), followed by MRI (15.8%, 10/63).
One patient was diagnosed by echocardiogram alone.

Of the 63 children with vascular rings, 16 (25.3%) had documented
genetic abnormalities or syndromes (Table 2). The presence of genetic
abnormalities or syndromeswas not known for the remaining children.
Therewas no difference in themedianweight/height for the 16 patients
[8.4 kg (IQR 6.2–13.1) and 72 cm (IQR 58–83)] compared to the remain-
der of the cohort [8.9 kg (5.3–12.6) and 71 cm (IQR 58.8–86.5)]
(p=0.69 and 0.49, respectively).

2.2. Perioperative bronchoscopy and postoperativemorbidity andmortality

Preoperative or intraoperative bronchoscopy was performed based
on surgeon preference. Thirty-eight children (23 SAA and 15 DAA)
had flexible or rigid bronchoscopies. Two of the 23 SAA, and four of
the 15 DAA had tracheomalacia. We do not have documentation of
the presence or absence of tracheomalacia on the remaining 25 children
in the series.



Table 2
Confirmed genetic abnormalities and syndromes⁎

Single aortic arch
n=14

DiGeorge 3
Trisomy 21 3
Other mutation, deletion, duplication 6
CHARGE syndrome 1
PHACE syndrome 1

Double aortic arch
n=2

Trisomy 21 1
Rosai-Dorman syndrome 1

⁎ The genetics or syndrome status of the remaining children in the series is unknown.
No patients had more than one abnormality or syndrome in our series.

Fig. 3. Percentage of patients with respiratory and swallowing symptoms reported at time
of symptom focused survey based on arch anatomy
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Therewere no operative deaths. Six patients required a secondoper-
ation. In the immediate postoperative period, three patients (1 SAA, 2
DAA) had postoperative chylothoraces requiring re-exploration.

Two SAA underwent a posterior aortopexy at a later admission due
to persistent symptoms. One patient had persistent respiratory and
swallowing symptoms; and the second SAA patient had swallowing
symptoms. One DAA had anterior and posterior aortopexies due to re-
spiratory symptoms.

2.3. Postoperative symptoms per outpatient chart review

At the most relevant last clinic visit, 45% (18/40) SAA and 65.2% (15/
23) DAA had documented post-operative symptoms. The median time
for the latest reported respiratory or swallowing symptom was 17.4
months (IQR 3.0–27.5 months) in the SAA group, and 10.9 months (IQR
0.99–33.1 months) in the DAA group. Persistent breathing difficulties
were noted in 35% (14/40) SAA and 56.5% (13/23) DAA. Swallowing dif-
ficulties remained in 7 (17.5%) SAA and 3 (13.0%) DAA patients. Four pa-
tients had both swallowing and breathing difficulties (3 SAA, 1 DAA).
There was no difference in the number of reported breathing and
swallowing symptoms between the SAA and DAA groups (Fig. 2). Twelve
of the 63 patients (19%) were followed long-term by a cardiologist.

2.4. Symptom focused survey results

Twenty-sevenof 63 families (42.8%)were able to be reachedbyphone
and consented to study participation.We obtained 14 responses. Theme-
dian time from surgery to survey completion was 36months for the DAA
group, and 42.6 months for the SAA group. Ten responses were from the
SAA group, and four from the DAA group. Five patients in the SAA group
reported postoperative swallowing symptoms in the survey. Of those
five patients, two had feeding gastrostomy tubes in place at the time of
vascular ring repair due to other congenital conditions. Fig. 3 shows the
patient survey endorsed symptoms according to arch anatomy.
n = 40 n = 23

Fig. 2. Percentage of patients with respiratory and swallowing symptoms reported in the
last outpatient clinic note based on arch anatomy
2.5. Concordance between outpatient chart review and symptom focused
survey

Of the eight SAA patients with respiratory symptoms on the survey,
three had documented respiratory symptoms in their latest clinic notes.
Only one patient of the five SAA with reported swallowing symptoms
on the survey had documented symptoms in the clinic notes. For the
DAA group, two of the three positive survey respondents had respira-
tory symptoms documented in the chart.

2.6. Postoperative symptoms following subclavian reimplantation

All 40 patients with SAA underwent division of the ligamentum
arteriosum. Twenty-three of the 40 (57.5%) SAA patients underwent
subclavian reimplantation. Of these 23 patients, five patients (21.7%)
had isolated postoperative respiratory symptoms, two patients (8.7%)
had isolated swallowing symptoms, and one patient had both breathing
and swallowing difficulties per the last clinic visit notes.

Seven of the 23 patients who had subclavian reimplantation com-
pleted the postoperative symptom survey. Four patients had both
breathing and swallowing difficulties postoperatively. Two had isolated
respiratory issues, and one was asymptomatic. Of the six who reported
respiratory symptoms, one had documented symptoms at last follow-
up. Of the four who reported swallowing symptoms, one had docu-
mented symptoms at last follow-up.

The post-operative clinic records of the 23 SAA patients who
underwent subclavian artery reimplantation and Kommerell’s resection
were compared to the 17 SAA who were not reimplanted. Eight of the
23 children (34.7%) reimplanted had persistent breathing or
swallowing symptoms which was not different compared to the 10 of
17 (58.8%) symptomatic children who did not have their subclavian ar-
teries reimplanted (58.8%) (p = 0.13).

3. Discussion

The presentation of vascular rings is uncommon as evidenced by our
series of 63 patients in 11 years. Surgical division of a vascular ring is
considered therapeutic. The majority of patients have an initial postop-
erative visit with their surgeon and subsequently follow-up with other
care providers. However, it is unknown whether symptoms are
completely relieved or persist. Based on our findings, post-operative
symptoms may occur more commonly than previously thought.

3.1. Respiratory and swallowing symptoms following vascular ring repair

In our series, postoperative breathing issues appear to be the most
common post-repair symptom, with others reporting frequent infec-
tions, and/or tracheomalacia as markers for symptom persistence [10,
13, 14]. In our retrospective cohort, we did not assess for the presence
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of tracheomalacia or tracheal abnormalities. It is possible that we have a
number of patients with airway issues that are unrecognized. In fact,
Naimo et al. followed 132 patients after vascular ring repair (80, DAA,
50 SAA, 2 not specified) from 1978-2014. In their study, persistent tra-
cheal compression was present in 2% of patients (2 DAA, 1 SAA).
Seven patients also had mild tracheomalacia postoperatively with un-
specified vascular ring anatomy (8.8%) [10]. Similarly, Bonnard et al.
noted severe tracheomalacia in two of 38 (5.3%) postoperative patients
from 1990-2000 [14]. In our contemporary cohort, 27 patients (42.8%,
13 DAA, 14 SAA) had respiratory symptoms at their most recent clinic
follow-upof unclear etiology.Wedonot know if the symptomswere as-
sociatedwith tracheomalacia except in two patientswith bronchoscopy
documented tracheomalacia. Nor do we know the frequency of respira-
tory infections in our population. Further investigation with bronchos-
copy is needed to help identify the etiology of persistent breathing
symptoms in our cohort.

In addition to bronchoscopy to investigate persistent breathing diffi-
culties, another option may be the use of pulmonary function tests in
children who are old enough. Marmon et al. evaluated patients postop-
eratively for respiratory difficulty with pulmonary function tests. Their
cohort included 54 patients from 1968-1983. Twenty-nine of their pa-
tients at follow-up were old enough to undergo testing and were
asymptomatic. Nine (52.9%) of 17 “asymptomatic” patients flow-
volume loops indicated central airway obstruction [15]. While we do
not have children old enough for pulmonary function tests yet, pulmo-
nary function tests with symptom surveys may be useful in evaluating
the efficacy of our vascular ring repairs. Pulmonary function tests may
also be used as a noninvasive study to triage to determine whomay re-
quire bronchoscopy.

In our series, 35% (14) of SAA patients and 56.5% (13) of DAA pa-
tients had persistent respiratory symptoms documented in the medical
record at a median follow-up of 17.4 months (SAA) and 10.9 months
(DAA). These respiratory symptoms are unrelated to any known tra-
cheal abnormalities. However as previously stated, we may have
underdiagnosed tracheal issues. Our follow-up is shorter than Schmidt
et al. but correlates with the reported 36% persistent respiratory symp-
toms (median follow-up 6.8 years over a 32-year period). The challenge
of interpreting their study is the length of time (32 years) and the evo-
lution of surgical technique for vascular ring repair. In addition, there
was no arch anatomy reported [5]. Another study byAlsenaidi et al. sim-
ilarly noted a high persistence of respiratory symptoms in 34% of DAA
patients at a median follow-up of 6.5 months but had no data on SAA
[3]. Other studies such as Francois et al. reported fewer postoperative
symptoms in 23% of SAA and 14% of DAA patients at 6-month follow-
up [6]. In follow-up beyond one year, Bonnard et al. reported complete
symptom resolution in 68% of their patients, and partial symptom im-
provement in an additional 21% of their patients, with no symptom im-
provement in 11% of their patients [14]. Besides Naimo et al, the longest
follow-up of respiratory symptoms was 37.2 months in Bonnard’s co-
hort in 38 of their 62 patients with the remaining 24 patients having
three months follow-up [10, 14].

Ten (15.8%) of our 63 patients (7 SAA, 3 DAA) experienced
swallowing symptoms at last follow-up. One patient in our SAA group
required late posterior aortopexy due to dysphagia. Persistence of
swallowing symptoms occurred in 6% of the patients in the study from
Naimo et al [10]. Our data and others show that vascular ring division
may only be partially effective for relief of feeding difficulties [3, 10,
16]. However, few if any of our patients had esophagrams or upper en-
doscopies in follow-up.

The wide range of reported breathing and swallowing symptoms
postoperatively suggests the need for closer and longer follow-up.

3.2. Family reported symptoms

In an attempt to correlate the accuracy of the medical record with
family reported breathing and swallowing symptoms, we reached 27
of our 63 patients’ families and requested a symptom focused survey.
Fourteen families completed the survey (51.8% of the 27 – 10 SAA, 4
DAA). We compared these survey reports to the latest clinic notes.
Eight patients in the SAA group had a range of respiratory symptoms
on the survey. Only three of the eight patients had documented symp-
toms in their medical records. Three SAA patients had swallowing diffi-
culties on survey (excluding the two with preoperative G-tubes) with
no documented swallowing symptoms in the medical record. For the
DAA group, two of the three patients with respiratory symptoms in
the survey had documented symptoms in their chart. One potential rea-
son for this discordance may be that the surveys focused on breathing
and swallowing symptoms that may not be routinely asked in clinic.
In addition, parents may be more likely to complete the survey if their
child is experiencing symptoms. Humphrey et al. also utilized a symp-
toms focused survey, consisting of 10 questions regarding breath diffi-
culties, swallowing difficulties, growth, exercise tolerance, and the
child’s concerns about their incision [16]. Twenty-four of their 38 pa-
tients responded. They noted over 50% symptom resolution with
breathing and over 66% resolution with feeding symptoms. However,
they did not report the median time to survey completion [16]. These
results align closely with ours but with a higher completion rate and
may indicate the need to simplify our survey in further follow-up. We
may also achieve a higher completion rate by distributing the survey
to our patients’ pediatricians.

3.3. Role of surgical technique for SAA

In terms of surgical technique, themost commonmethod of repair is
through a thoracotomy. Some centers reimplant the aberrant subcla-
vian artery for SAA and resect the diverticulum of Kommerell. Certainly,
in terms of reoperative vascular ring surgery, Backer et al. in a series of
26 patients proposed resection of the Kommerell’s diverticulum and re-
implantation of the aberrant left subclavian artery for patients who had
prior repair of SAA [17]. However, we do not know the degree of symp-
tom relief in these patients who required reoperation. In our current
practice for SAA, we prefer to resect the Kommerell’s diverticulum and
re-implant the aberrant subclavian artery at their initial operation
when feasible. In our seven-year cohort, this was an evolving technique
as in our SAA group, 24 of 40 (60.0%) patients underwent Kommerell’s
resection and 23 of 40 (57.5%) subclavian artery reimplantation. Of
the 23 SAA patients who had reimplantation of the aberrant subclavian
artery, six (26.1%) had persistent respiratory symptoms, and three other
patients (13.0%) had swallowing symptoms at last clinic follow-up. It is
unclear why these patients had persistent symptoms even with subcla-
vian reimplantation. This underscores the need for long term follow-up
especially when performing reimplantation during the index operation.

Our series did not have enough power to detect a difference and re-
flects the continued question of whether reimplantation of the subcla-
vian artery for SAA is essential. Although it could be argued that a
posterior aortopexy via from the contralateral chest for SAA patients
with persistent post-operative symptoms may be facilitated by reim-
plantation at the index operation.

Some centers are performing SAA repair using video assisted
thoracoscopic surgery (VATS). With this approach, the Kommerell’s di-
verticulum is not resected nor is the aberrant subclavian artery
reimplanted. Al-Bassam et al. reported safe perioperative outcomes in
four SAA patients but did not have long term follow-up beyond 6
months with respect to symptom relief [18]. Riggle et al. compared
their thoracoscopic experience to their open experience with SAA and
DAA. Similar to Al-Bassam in the case of SAA, Kommerell’s diverticulum
wasnot resected (13 patients of 21 total SAA) or the aberrant subclavian
artery reimplanted. Interestingly when they compared all SAA and DAA
VATS patients to the open repair patients, they observed greater symp-
tom relief in the VATS group compared to open group (90% vs. 31% re-
spectively) [19]. The role of VATS may be of increasing interest if the
symptom relief is better for children with symptomatic vascular rings.
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3.4. Future directions

The high rates of respiratory and swallowing symptom persistence in
our cohort as well as others, and the varying time frames of follow-up
may underscore the need for comprehensive aerodigestive centers at pro-
grams performing vascular ring repairs. These centers can ensuremultidis-
ciplinary workup and care for persistent symptoms. Boesch et al. recently
wrote a consensus statement about the structure and function of these pro-
grams, with a key definition of an aerodigestive patient as follows: “A pedi-
atric aerodigestive patient is a child with a combination of multiple and
interrelated congenital and/or acquired conditions affecting airway, breath-
ing, feeding, swallowing, or growth that require a coordinated interdisci-
plinary diagnostic and therapeutic approach to achieve optimal outcomes.
This includes (but is not limited to) structural and functional airway and
upper gastrointestinal tract disease, lung disease because of congenital or
developmental abnormality or injury, swallowing dysfunction, feeding
problems, genetic diseases, and neurodevelopmental disability.” [20]. This
consensus statement provides a basic framework for coordinatingmultidis-
ciplinary care for these patients.Work is currently underway at our institu-
tion to establish an aerodigestive center and will aid in a comprehensive
multidisciplinary evaluation of our patients who have symptoms after re-
pair. These centers are often led by gastroenterologists, pulmonologists,
and otolaryngologists [21]. Since at least 25% of children in this series
had a genetic abnormality or syndrome, genetic testingmay be appropri-
ate in these children in a broad context of an aerodigestive clinic. Similarly
with the increasing resolution of fetal echocardiograms, vascular rings are
being detected at our institution antenatally. The presence of a vascular
ring is rarely an acute airway emergency; however, discussion is ongoing
about antenatal parental counseling and the role of the clinic.

The role of the preoperative workup for vascular rings continues to
evolve as some (Backer et al.) have advocated for the least imaging pos-
sible until the surgeon is comfortablewith the operation needed. Backer
and colleagues also note that low dose CT imaging has become one of
the preferred methods over esophagram with routine echocardiogram
screening due to the 12% incidence of associated cardiac issues [2]. In-
terestingly two years later, Snarr and Dyer advocated that barium
esophagram and echocardiogram should be the first screening tools
and CT/MRI reserved for abnormal or inconclusive findings on transtho-
racic echocardiogram [22].

4. Conclusions

We sought to answer the question of how well vascular ring repair
alleviates respiratory and swallowing symptoms in the long term. Our
median time of symptom persistence based on latest clinic follow-up
was 17.4 months in the SAA group, and 10.9 months in the DAA
group. Our follow-up was not as long as we had hoped because many
patients may be following with providers outside of our system, and
we are unlikely to be capturing all patients with persistent symptoms.

Nonetheless, our data indicates that we are not completely alleviating
the breathing and swallowing symptomsof vascular ringswith surgery. Re-
spiratory symptoms persist, especially for patients with tracheomalacia. In
addition, tracheomalacia does not explain swallowing difficulties. Patients
who have undergone vascular ring repair would benefit from more fre-
quent and focused postoperative visits using survey tools. Aerodigestive
centers are becomingmore common across the United States. Thesemulti-
disciplinary centers will hopefully further aid in treating these patients.
Given the small numbers of vascular rings across each center, amulticenter
database or prospective trial would also help answer these questions.

4.1. Limitations

Our study is limited due to the retrospective design. There was limited
genetic data on 16 of our 63 (25%) patients with known genetic anomalies.
Wewereunable todetermine if therewere anygenetic anomalies in the re-
maining 47 patients. There was also limited bronchoscopy data in regards
to tracheomalacia, with 38 of the 63 (60%) of the children undergoing pre-
operative or intraoperative bronchoscopy. Of the patients with persistent
symptoms, therewas a paucity of postoperative imaging or testing to delin-
eate a persistent anatomic cause for their symptoms. We also need longer
follow-up todetermine if ourpatients’ symptoms improve into adolescence
and adulthood. Attempts were made to conduct focused surveys, but the
response rate was low. In addition, many families were unreachable. The
nature of the survey is certainly open to bias as well as families may be
more likely to complete surveys if their children are having symptoms.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpedsurg.2019.12.022.
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