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ABSTRACT: Coarctation of the aorta is a frequently diagnosed congenital heart defect and often requires surgical repair in early
infancy. Infants born with this condition remain at risk for post-operative morbidity and reintervention within the first year of life.
A single-center, retrospective chart review was performed. The protocol was approved by the Institutional Review Board (IRB-21-
156, 14 August 2021). A 10-year review from January 2010 to December 2020 identified all children diagnosed with coarctation
of the aorta or arch hypoplasia; without any associated major congenital cardiac pathology (i.e., simple coarctation). Reintervention-
free-survival at one year for all infants who underwent surgical repair was assessed. Patient characteristics for those who did and
did not experience significant adverse event (SAE) in the postoperative period were obtained and compared. A total of 105 patients
diagnosed with isolated coarctation of the aorta or arch hypoplasia and who underwent surgical repair were identified. Of these, 11
patients (10%) experienced a SAE (i.e., vocal cord palsy, diaphragm palsy, chylothorax, stroke/neurological complication, need for
reintubation or tracheostomy, necrotizing enterocolitis, major bleeding or thrombotic vascular complication, or reintervention) in
the post-operative period. Patients who experienced a SAE were more likely to have a prenatal diagnosis of coarctation of the aorta
(» = 0.03), a known genetic anomaly (p = 0.0001), or had undergone a median sternotomy approach/complex arch repair (i.e.,
requiring patching of the aorta) (p = 0.0001). Genetic anomaly (mainly Turner syndrome) was the only independent predictor of SAE
in multivariate analysis (OR = 6.7) Follow up data at one year was available for 79 patients, with only 6 patients requiring
reintervention before 1 year of age. Overall, infants who undergo surgical repair of simple coarctation of aorta have an excellent chance
of reintervention-free-survival at one year post intervention. Those with a known genetic anomaly or requiring median sternotomy
approach appear to have a higher risk for a SAE in the postoperative period.
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1. Introduction

Coarctation of the aorta (CoA) is a common diagnosis in the congenital heart disease population, occurring in
approximately 4/10,000 live births, and the second most common cardiac intervention performed in the neonatal period
[1,2]. Obstructive aortic arch anomalies range in type and severity. Though mild discrete coarctation or arch hypoplasia
may go undiagnosed into adulthood, critical coarctation or near interruption of the arch makes for effectively
discontinuous tissue between the thoracic aorta and descending aorta. Obstructive aortic arch lesions can be life
threatening and require emergent intervention. Critical obstructions in the neonatal period require prostaglandin infusion
to maintain ductal patency and proceed to surgical intervention shortly thereafter [1-4].

Though a common intervention, coarctation repair is not always without complications or the need for reintervention.
Adverse events in the postoperative period occur in approximately 36% of patients [5]. Frequently reported early
complications of surgical intervention for coarctation of the aorta include vocal cord palsy, diaphragm palsy, chylothorax,
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stroke/neurological complication, need for reintubation or tracheostomy, and major bleeding or thrombotic vascular
complications.

This study aimed to evaluate the incidence of significant adverse events (SAE) in the postoperative period and the
rate of reintervention at one-year post-intervention in infants who underwent simple coarctation repair at our institute
over a 10-year period. Patient characteristics and potential risk factors associated with SAE were analyzed.

2. Materials and Methods

A single-center, retrospective chart review was performed. The protocol was approved by the Institutional Review
Board (IRB-21-156, 14 August 2021). A 10-year review from January 2010 to December 2020 identified all infants (<1
year) diagnosed with coarctation of the aorta or arch hypoplasia; without any associated major congenital cardiac
pathology. Simple coarctation was defined as coarctation of the aorta without other significant cardiac pathology, with
the exception of bicuspid aortic valve or minor lesions (i.e., small ventricular or atrial septal defects not requiring
surgical intervention at the time of the coarctation repair and/or those with a high likelihood of spontaneous resolution).
In contrast, complex CoA was defined as CoA in the presence of other significant lesions, such as hypoplastic left heart,
vascular ring, or interrupted aortic arch. Complex coarctation with other congenital heart disease that would influence
surgical approach or outcomes were excluded. Those who underwent no surgical intervention during infancy were
excluded. Data collected included patient demographics, diagnostic data from all available imaging modalities, type of
coarctation intervention performed, post-intervention clinical course, immediate outcomes following intervention, and
re-intervention data at 1-year post-intervention.

3. Outcomes

Medical records were reviewed to identify patients with simple coarctation. Patients who underwent surgical repair
of a simple CoA were identified. Significant adverse events in the postoperative period (30 days) were defined as the
occurrence of any of the following: stroke/neurological complication, airway intervention (i.e., reintubation,
tracheostomy, etc.), necrotizing enterocolitis, renal injury, major bleeding or thrombotic vascular complication, vocal
cord palsy causing feeding difficulty, diaphragm palsy, chylothorax and reintervention. Pre-operative and operative
variables influencing outcomes were analyzed and included gender, ethnicity, prenatal diagnosis, age at postnatal
diagnosis, birth weight, genetic anomaly, coarctation type (short or long segment) by transthoracic echocardiography,
pre-operative advanced imaging (including cardiac CT and MRI), age at surgery, surgical approach, type of repair, and
length of aortic cross clamp time. Other outcomes analyzed included length of mechanical ventilation, post-operative
length of stay, and hypertension requiring chronic medication.

4. Statistics

Descriptive statistics for continuous variables were summarized as median (interquartile range) and compared
using Wallis tests; and as median with SEM and compared using the student ¢-test. Categorical variables were presented
as percentages and compared using Pearson x2/Fisher’s exact tests. Univariate analysis was used to compare the
demographic characteristics and surgical approaches of patients who did and did not experience a significant adverse
event (SAE) in the postoperative period prior to hospital discharge, taking a p value of <0.05 as statistically significant.

Factors identified as possible risk factors for SAE in the post-operative period were further compared using binary
logistic regression (multi-variate analysis). Patient records were analyzed to calculate and compare intervention-free-
survival for all infants who underwent surgical repair, using Kaplan-Meier-survival analysis. Study data were collected
and managed using REDCap electronic data capture tools hosted at University of Arizona. Data analysis was performed
using SPSS (version 28) statistical software licensed with University of Arizona.

5. Results

A total of 121 patients were diagnosed with isolated coarctation of the aorta or arch hypoplasia over the ten-year
study period. Of these, 7 patients did not require any intervention, and additionally 9 patients underwent transcatheter
aortic angioplasty as their prior intervention and were therefore excluded. A total of 105 patients underwent surgical
repair during the first year of life. Surgical techniques included coarctation excision with end-to-end anastomosis,
extended end-to-end anastomosis/aortic arch advancement, and aortic arch augmentation with bovine pericardium patch.
No patients underwent subclavian flap technique. During the post-operative period, 11 patients (10%) experienced one
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or more SAEs, which included chylothorax (N = 8), vocal cord palsy (N = 6), diaphragm palsy (N = 1), right diaphragm
eventration (N = 1), severe subglottic stenosis (N = 1), acute kidney injury (N = 2) and necrotizing enterocolitis (N = 1)
in the post-operative period.

Table 1 compares the preoperative and operative characteristics of the study groups. Patients in the SAE group
were more likely to have a known genetic anomaly (p = 0.0001) or had undergone a median sternotomy
approach/complex arch repair (i.e., requiring patching of the aorta) (p = 0.0001). Turner syndrome (45 XO) was the
most common genetic anomaly (3/3 patients in the SAE group, 2/7 patients in the non-SAE group). Other genetic
abnormalities included Trisomy 21, Kabuki syndrome, and variants of uncertain significance (i.e., microdeletions or
duplications). Interestingly, those with a prenatal diagnosis of coarctation had higher risk for SAE (p = 0.03), On multi-
variate binary logistic regression analysis, genetic anomaly was the only independent predictor of SAE in the post-
operative period (adjusted Odds Ratio = 6.8) (p = 0.04, 95% CL = 1.1 to 43). Factors which did not appear to be related
to a SAE included ethnicity, age at diagnosis, birth weight, coarctation type (short or long segment), use of pre-operative
advanced cross-sectional imaging for surgical guidance (Figure 1), age at surgery, or mean aortic cross clamp time.

Table 1. Risk factors for significant adverse events (SAE) in infants who underwent surgical repair for simple coarctation.

Patients with SAE Patients without SAE

(N=11) (N = 94) p Value

Pre-operative characteristics
Gender (male) 5 (45%) 64 (68%) 0.001
Ethnicity (Non-Caucasian) 6 (55%) 41 (44%) NS

White/Caucasian 5 (45%) 53 (56%)

Hispanic/Latino 4 (36%) 25 (27%)

Native American 1 (9%) 9 (10%)

Black/African American 1 (9%) 3 (3%)

Asian 0 1 (1%)

Other 0 3 (3%)
Prenatal diagnosis 4 (36%) 20 (21%) 0.03
Age at diagnosis (weeks), median (IQ range) 0(0,3) 2 (0, 69) NS
Birth weight (kg), median (IQ range) 2.7(2.2,3.6) 3.2(1.9,3.9) NS
Known Genetic anomaly * 3 (27%) 7 (7%) 0.0001 *
Coarctation type by TTE NS

Discrete 7 (64%) 56 (59%)

Diffuse 4 (36%) 38 (41%)
Bicuspid aortic valve 6 (55%) 50 (53%) NS
Pre-operative Advanced imaging 3 (27%) 37 (39%) NS
Intra-operative characteristics
Age at surgery (weeks), median (IQ range) 2(1,6) 5(1,27) NS
Surgical approach
Median sternotomy 4 (36%) 5(5%) 0.0001
Type of repair

End-to-end anastomosis 0 (0%) 23 (25%) 0.001

Extended end-to-end anastomosis 8 (73%) 68 (72%) NS

Complex Arch reconstruction 3 (27%) 3 (3%) 0.0001
Aortic cross clamp time (minutes) 22 (15, 30) 21 (15, 30) NS

* All three patients in the SAE group and 2 of the 7 patients in the non-SAE group had Turner Syndrome. # Adjusted Odds ratio
=6.8 (p = 0.04, 95% CL~= 1.1 to 43) on multi-variate regression analysis. NS = not significant.

Table 2 compares the immediate and one-year follow up of these two groups. In the cohort, there were no deaths
within the first 30 days. Patients who experienced SAE had a longer post-operative length of stay (p = 0.02). Follow up
data at one year was available for 79 patients, with only 3 (4%) requiring reintervention before 1 year of age. One year
follow-up data was not available for one patient from SAE group and for 33 patients in the non-SAE group. Of the 71
patients followed at one-year post-intervention, only 2 patients (4%) required reintervention within the first year post-
operatively. One patient required cardiac catheterization with balloon angioplasty of the aorta and one patient required
surgical reintervention with an aortic arch plasty. There were no deaths at the 1-year mark in the cohort.
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Table 2. Immediate and One -year outcomes of the study population.

Patients with SAE  Patients without SAE

(N=11) (N =94) PV

Mechanical ventilation after surgery

Extubated within 24 h 4 (36%) 59 (63%) 0.08

Mechanical ventilation >24 h 7 (64%) 35 (37%)
Postoperative stay (days), mean, SEM 14 (3) 7(1) 0.02
Hypertension at discharge 4 (36%) 39 (41%) NS
One-year follow up N=10 N =69
Re-intervention for re-coarctation within 12 months after surgery 0 (0%) 2/69 (3%) NS

SAE = Significant adverse event; TTE = Transthoracic echocardiography. NS = not significant.

Figure 1. Diagnostic image of a newborn with coarctation as seen on sagital plane transthoracic echocardiogram (2D and color
Doppler imaging) and CT angiogram (3D reconstruction).

6. Discussion

We reviewed all patients diagnosed with simple coarctation of aorta who underwent surgical repair in infancy at
our institute over a 10-year period (N = 105). Overall, most patients (~90%) had excellent immediate post-surgical
outcomes. Patients with Turner Syndrome and those requiring median sternotomy surgical approach (for reasons such
as long segment coarctation/complex arch repair or poor preoperative clinical status) appeared to be at a higher risk for
post-operative morbidity based on our univariate analysis. Follow up of this cohort showed that they continued to have
an excellent prognosis for survival free of reintervention (>96%). This data may be helpful for patient counselling and
management of neonatal coarctation.

In a study of 133 patients with simple coarctation repair by Minotti et al. [3], about 7% of patients had significant
postoperative complications (heart failure, respiratory failure, infection/sepsis, arrhythmia, renal failure, pulmonary
hypertension, and other), however only 2% of patients in their cohort required a median sternotomy approach [3]. Our
cohort had a slightly larger number of infants requiring median sternotomy (9%) compared to their study, which creates
a higher risk profile for these patients. Repair by lateral thoracotomy has demonstrated advantages, including avoidance
of cardiopulmonary bypass or deep hypothermic cardiac arrest, shorter operative times, shorter times on the
conventional ventilator, shorter cardiopulmonary bypass stays, decreased risk of infection, and low early mortality [6—
8]. However, patients with proximal arch narrowing may not be candidates for end-to-end anastomosis or extended end-
to-end anastomosis via lateral thoracotomy and may require median sternotomy [6—10]. This approach may also be
necessary in patients with poor pre-operative clinical status such low cardiac output, end organ dysfunction, or operator
preference. However, despite the need for cardiopulmonary bypass with or without deep hypothermic cardiac arrest,
median sternotomy has been shown to have low morbidity and mortality, with some arguing that there is more reliable
growth of the transverse arch and a better hemodynamic profile postoperatively [6,9]. Ungerleider et al. reports that
cardiopulmonary bypass was not associated with significantly increased mortality [5].

About 36% of patients in our cohort, who required median sternotomy approach, experienced SAE. However,
these patients still had overall excellent prognosis at 1 year follow up.
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Adamson, et al. demonstrated a need for reintervention in 4—10% of cases due to recurrent aortic arch obstruction
[11]. Some studies have noted an aberrant right subclavian artery or bovine arch anatomy to be risks for reintervention
[12,13]. Overall, there have been inconsistent reports of recurrence rates based on surgical approach. Some studies do
not report a significant difference in outcomes between lateral thoracotomy and sternotomy [6,7]. Extended end-to-end
anastomosis recoarctation rates have been reported to range from 4—-13% at 5—10 years post-op [9]. Other studies have
noted there to be evidence of appropriate proximal aortic arch catch up growth via the lateral thoracotomy approach,
especially in the neonatal period, with a low rate of reintervention [10,14]. Our study group had a very low risk for
reintervention irrespective of the initial surgical approach.

In a review of The Society of Thoracic Surgeons Congenital Heart Surgery Database (STS-CHSD) over a 4-year
period, 2705 patients were identified as having undergone coarctation repair [5]. Patients who underwent simple
coarctation repair tended to be older in age when compared to patients with concomitant ventricular septal defect or
other complex cardiac disease. The incidence of chylothorax remained low in the population. Recurrent laryngeal nerve
injury occurred in 1.6% of patients. Of the patients who underwent SAE in our cohort, 6 experienced vocal cord palsy,
and 1 had chylothorax.

Prenatal diagnosis of coarctation allows for early echocardiographic evaluation and initiation of prostaglandins
following delivery. Accordingly, previous studies have shown that prenatally diagnosed neonates had lower risk for
SAE [7,15,16] On the contrary, in our patient population; those with prenatal diagnosis had a slightly higher risk for
post-operative SAE (20/24, 83%). This could be the result of our smaller sample size or may be due to our specific
inclusion of only those neonates with simple coarctation. Simple coarctation, in the absence of any major cardiac
anomaly, is very challenging to diagnose in the prenatal period due to the presence of the ductal arch [17]. Patients in
our cohort with a prenatal diagnosis of coarctation (N = 24) more commonly underwent median sternotomy than lateral
thoracotomy (17 vs. 7) suggesting arch hypoplasia requiring a more complex repair.

Our data highlights the negative impact of Turner Syndrome on patient outcomes in this population. About one
third (27%) of the patients with a SAE had a diagnosis of Turner Syndrome. This also explains the female predominance
in the SAE (p = 0.001). In a review of the STS-CHSD from 20002017, Chew et al. reports that coarctation repair and
aortic arch repair were very common interventions in those with Turner Syndrome, accounting for 35% and 15% of the
780 operations respectively. Patients with Turner Syndrome had a higher rate of chylothorax than the general population
(8.8% vs. 2.8%). Additionally, the median length of stay in the postoperative period in the Turner Syndrome population
was longer for both discrete coarctation repair as well as hypoplastic arch repair. There was not increased operative
mortality [18].

This study also explores the role of advanced imaging and its effect on immediate outcomes in infants with
coarctation. About 38% of patients in our cohort underwent advanced imaging for pre-operative planning prior to
intervention. There was no significant difference in occurrence of SAE in those who did or did not undergo evaluation
via advanced imaging. The study thus indicates that advanced imaging with its associated risks of exposure to contrast
agents, radiation, and general anesthesia may not be necessary for surgical planning in simple coarctation patients.
Transthoracic echocardiography may be adequate in most cases.

Our study should have limited confounding bias by indication, as surgical cases that would predicate median
sternotomy for another pathology were excluded. Limitations to the study include the retrospective nature of chart
review, the timeframe for follow-up, the population size, and the single center review. Bicuspid valve morphology could
not be accurately described for all cases, due to the retrospective nature of the study, therefore a comparison of this
specific anatomic feature in relation to SAEs was not completed. Other limitations include the ability to pull the entirety
of the patient population based on echocardiographic diagnosis coding.

7. Conclusions

Overall, infants who undergo surgical repair of simple coarctation of aorta have an excellent chance of
reintervention-free-survival at one-year post-intervention. Those with a known genetic anomaly and those requiring
median sternotomy approach appear to have a higher risk for SAE in the postoperative period. Larger longitudinal
studies would be useful in further risk stratification of these infants.
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