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Objectives: Airway abnormalities complicate the perioperative course of patients with congenital heart disease (CHD), leading to significant

morbidity and mortality. The literature describing airway abnormalities in those patients is scarce. This study aimed to determine the incidence

of airway abnormalities in CHD patients and identify associated factors, genetic syndromes, and cardiac diagnoses.

Design: Retrospective study conducted after institutional review board approval.

Setting: Tertiary children’s hospital.

Participants: Patients presenting for cardiac diagnostic, interventional, or surgical procedures from 2012 to 2018. A total of 9,495 encounters

were reviewed. Exclusion criteria: age >18 years.

Methods/Interventions: Age, weight, sex, intubation technique, number of intubation attempts, and difficult intubation (DI) were recorded.

Using the International Classification of Diseases, Ninth and Tenth Revisions codes, genetic syndromes, acquired and congenital airway abnor-

malities, and cardiac diagnoses were identified. Multivariate generalized estimating equations modeling was used to identify independent predic-

tors of airway abnormalities.

Results: A total of 4,797 patients, with 8,657 encounters were included. The median age was 1.3 years (interquartile range [IQR]: 0.2-6.0) and

weight was 9.2 kg (IQR: 4.3-19.2), and 55% were male. A total of 16.7% had at least 1 genetic syndrome; 8.5% had congenital airway abnormal-

ities and 9.7% acquired. Incidence of DI was 1.1%. The most common syndromes were Down, 22q11.2 microdeletion, and CHARGE. The most

frequent congenital airway abnormalities were laryngomalacia and bronchomalacia, and the most frequent acquired were partial and total vocal

cord paralysis.

Conclusion: The likelihood of a coexistent airway abnormality should be considered in premature CHD patients, weight <10 kg, and in those

with specific cardiac lesions and a concomitant genetic syndrome. Preoperative identification of patients at high risk of airway abnormalities is

useful in planning their perioperative airway management.

� 2020 Elsevier Inc. All rights reserved.
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Introduction

Congenital heart disease (CHD) occurs in approximately 7-

to-10 per 1,000 live births, and is thought to be associated with

congenital and acquired airway anomalies.1 The complexity of

the heart defect, coupled with the multiple medical and genetic

comorbidities as well as the frequent hospitalizations in

patients with CHD, render their perioperative management
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quite challenging. Airway obstruction and airway abnormali-

ties can complicate the perioperative course of children with

CHD, further stressing an already tenuous cardiovascular sys-

tem and leading to significant perioperative morbidity and

mortality.2,3

When present, airway pathology in CHD patients can be

congenital, acquired, or both, and often has variable clinical

manifestations. Intrauterine insults are believed to affect both

the cardiac and respiratory systems equally, due to the intimate

embryologic relationship between them, potentially leading to

congenital airway abnormalities in patients with CHD.1,2

Moreover, patients with CHD frequently present for multiple

interventional or diagnostic procedures that may require air-

way manipulations and, hence, are at risk for acquiring airway

abnormalities. Previous studies have demonstrated that the

most common causes of unplanned hospital admission in CHD

patients who presented for noncardiac procedures were cardio-

vascular (3.9%) and respiratory (1.8%) in nature.4 Similarly,

in a large single-center cohort study, Lee et al. demonstrated

an 11.5% incidence of cardiovascular events and a 4.7% inci-

dence of respiratory complications perioperatively.5 Hence,

proper diagnosis and anticipation of the challenges posed by

airway abnormalities in CHD patients is crucial in reducing

perioperative morbidity.

This study aimed to evaluate a single-institution’s incidence

of congenital and acquired airway abnormalities in a large

cohort of patients with CHD, and to identify significantly asso-

ciated factors, genetic syndromes, and cardiac diagnoses. In

addition, this study evaluated the incidence of difficult intuba-

tion (DI) in the same cohort.
Methods

Following approval of the institutional review board at Bos-

ton Children’s Hospital, the authors reviewed 9,495 electronic

medical records of patients with CHD who had an anesthetic

at Boston Children’s Hospital for echocardiography, magnetic

resonance imaging, diagnostic or interventional cardiac cathe-

terization, electrophysiology studies, and cardiac surgery

between December 2012 and December 2018. A total of 8,657

patientencounters, corresponding to 4,797 unique patients,

were included in the analysis. Eight hundred thirty-eight

patients older than 18 years were excluded. Data were col-

lected from the electronic medical records and included age,

weight, sex, intubation technique (direct laryngoscopy, video

laryngoscopy, or flexible fiberoptic), total number of intuba-

tion attempts, and whether a difficult intubation was encoun-

tered. Duration of intubation was calculated using intubation

and extubation times.

The presence of genetic syndromes, specific cardiac diagno-

ses, and acquired and congenital airway abnormalities was

determined using International Classification of Diseases,

Ninth and Tenth Edition codes in the medical record. Verifica-

tion of identified airway abnormalities was achieved by exam-

ining the medical record for documentation of the

abnormalities as determined by direct laryngoscopy,
bronchoscopy, or high-quality imagining modalities (ie,

dynamic airway computed tomography [CT]).

Information on DI was collected from the institutional data

contributed to the Pediatric Difficult Intubation Registry

(PeDIR). The PeDIR is a multinational, multi-institutional col-

laborative that defines difficult intubation by the following 4

criteria6:

1. Failure to visualize vocal cords during conventional direct

laryngoscopy (Cormack-Lehane �3), which was attempted

during the case by an experienced provider

2. Tracheal intubation using direct laryngoscopy is physically

impossible due to anatomic abnormality

3. Failure of conventional direct laryngoscopy within the last

6 months

4. Deferral of conventional direct laryngoscopy due to the

assessment of an experienced anesthesiologist of a low

chance of success and a perceived increased risk of harm

Since December 2012, the authors’ institution has collected

data from all cases in which such difficult tracheal intubations

occurred. Every case is reviewed by the anesthetic airway

research group and, if appropriate, recorded in the institutional

DI database and uploaded into the PeDIR. Using this registry,

the encounters with a labeled DI then were grouped and ana-

lyzed separately to determine whether the incidence of

acquired airway abnormality or the incidence of difficult intu-

bation increased with subsequent encounters.

Statistical Analysis

Demographics and patients’ characteristics are presented as

frequency (percentage) for categorical data and median (inter-

quartile range) for continuous data. The rates of all genetic

syndromes and acquired or congenital airway abnormalities

are presented as frequency and percentage.

Multivariate generalized estimating equations (GEE)

modeling was used to identify independent predictors of

acquired and congenital airway abnormalities in separate anal-

yses. Generalized estimating equations modeling, with a logit

link function and binomial family, was used to account for

multiple measurements and multiple encounters within the

same patient. Regarding congenital airway abnormalities, the

following variables were analyzed and included in the multi-

variate model: weight, prematurity, presence of genetic syn-

drome, and all cardiac diagnoses indicators. Regarding

acquired airway abnormalities, the following variables were

analyzed and included in the multivariate model: weight, pre-

maturity, presence of genetic syndrome, number of surgical

encounters, number of catheterization encounters, number of

intubated encounters, and all cardiac diagnoses indicators.

Results from multivariate analyses were reported using

adjusted odds ratios, 95% CIs, and p values. All statistical

analyses were performed using Stata version 15.0 (StataCorp

LLC, College Station, TX). A 2-tailed alpha level of 0.05 was

used to determine statistical significance.



Table 2

Most Common Genetic Syndromes and Diagnoses in Patients With Congenital

Heart Disease.

Variable n (%)

N 4,797

Any genetic syndrome, condition, or diagnosis 801 (16.7)

Down syndrome 291 (6.0)

22q11.2 microdeletion syndrome 175 (3.6)

CHARGE association 141 (3.0)

Stickler syndrome 141 (3.0)

Others 53 (1.1)
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Results

A total of 4,797 patients were included in the analyses.

Demographics, intubation characteristics, and outcomes are

summarized in Table 1. The median age of the cohort was 1.3

years, and the median weight was 9.2 kg. Most encounters

were male patients (55%), and 23.8% of the patients were pre-

mature (�36 weeks). Among the 8,657 patientencounters,

1,724 (20%) presented for their procedure with an endotra-

cheal tube in situ; 29 (0.3%) had a tracheostomy; 46 (0.5%)

were kept spontaneously breathing during the procedure with

a laryngeal mask airway, facemask, or nasal cannula; and

6,858 (79.2%) were intubated at the time of the procedure.

Among the 6,858 intubated patients at the time of the proce-

dure, complete data were obtained from 6,139 encounters,

among which 87.3% had 1 intubation attempt, 10.2% had 2

attempts, and 2.4% had 3 or more attempts. Most intubations

were performed using direct laryngoscopy (92.3%). Fifty-three

unique patients (1.1%) were considered DI based on the defini-

tion from the PeDIR.6

Genetic syndromes in the cohort are presented in Table 2.

Among all patients, 16.7% (n = 801) had at least 1 genetic syn-

drome. The most common genetic abnormalities were Down

syndrome (6.0%), 22q11.2 microdeletion syndrome (3.6%),

Stickler syndrome (3.0%), and CHARGE association (3.0%).

The most common acquired and congenital airway abnormali-

ties are presented in Table 3. A total of 8.5% of patients had an

associated congenital airway abnormality. The most frequently

observed congenital airway abnormalities were
Table 1

Patient Demographics and Intubation Details

Variable Median (IQR) or n (%)

N (patients) 4,797

Age (y) 1.3 (0.2-6.0)

Weight (kg) 9.2 (4.3-19.2)

Sex

Female 2,156 (45)

Male 2,638 (55)

Prematurity (�36 wk) 1,141 (23.8)

Airway (n = 8,657 patient-encounters)

Airway in situ 1,724 (20.0)

Tracheostomy 29 (0.3)

Natural airway 46 (0.5)

Intubated at time of the procedure 6,858 (79.2)

Intubation attempts (n = 6139 intubated

patient-encounters)

1 5,359 (87.3)

2 628 (10.2)

3 119 (1.9)

4 20 (0.3)

5+ 13 (0.2)

Intubation technique

Direct laryngoscopy 5,567 (92.3)

Video laryngoscopy 462 (7.7)

Flexible fiberoptic 4 (0.1)

Outcomes

Difficult intubation 53/4,797 (1.1)

Abbreviations: IQR, interquartile range.
laryngomalacia (4.7%), bronchomalacia (4.6%), laryngeal

cleft (4.1%), subglottic stenosis (3.6%), tracheal disease (tra-

cheomalacia, tracheal stenosis) (2.8%), and agenesis of the

lung (1.0%). The incidence of an acquired airway abnormality

was 9.7%% with the most frequent etiologies being partial uni-

lateral vocal paralysis (3.7%), total unilateral vocal cord paral-

ysis (2.9%), bronchomalacia (2.1%), and subglottic stenosis

(1.5%).

Among the 6,139 intubated patient encounters with com-

plete data, the acquired airway abnormality rate was 6.7%

among patients without a congenital airway abnormality, and

68.9% among patients with a congenital airway abnormality (p

< 0.001).

Using multivariate GEE analysis, the following independent

risk factors were associated with an increased risk of a congen-

ital airway abnormality: weight <10 kg, prematurity, presence

of any genetic syndrome, interrupted aortic arch, double aortic

arch, anomalies of the aortic arch, pulmonary artery abnormal-

ities, and tetralogy of Fallot (Table 4). Multivariate GEE anal-

ysis determined the following independent predictors to be

associated with an increased odds of an acquired airway abnor-

mality: weight <10 kg, prematurity, genetic syndrome, inter-

rupted aortic arch, double aortic arch, anomalies of the aortic

arch, pulmonary artery anomaly, and hypoplastic heart (right
Table 3

Incidence of Congenital and Acquired Airway Abnormality.

n = 4797

Patients n (%)

Airway abnormality

Acquired airway abnormality 463 (9.7)

Vocal paralysis unilateral partial 179 (3.7)

Vocal paralysis unilateral total 137 (2.9)

Bronchomalacia 103 (2.1)

Subglottic stenosis 73 (1.5)

Vocal paralysis bilateral partial 15 (0.3)

Vocal paralysis bilateral total 2 (0.05)

Congenital airway abnormality 408 (8.5)

Laryngomalacia 227 (4.7)

Bronchomalacia 223 (4.6)

Laryngeal cleft 199 (4.1)

Subglottic stenosis 171 (3.6)

Tracheomalacia, tracheal stenosis, tracheal disease 134 (2.8)

Agenesis of lung 48 (1.0)



Table 4

Multivariate Analysis of Risk Factors for Congenital Airway Abnormality

Variable Odds Ratio 95% CI p Value

Weight <10 kg 1.46 (1.13-1.87) 0.003

Prematurity 1.43 (1.13-1.81) 0.002

Any genetic syndrome 3.98 (3.16-5.03) < 0.001

Cardiac diagnoses

Interrupted aortic arch 3.06 (1.69-5.55) 0.001

Double aortic arch 12.77 (6.98-23.35) < 0.001

Anomalies of the aortic arch

(atresia, aneurysm, malformation,

right aortic arch)

1.51 (1.19-1.92) 0.001

Pulmonary artery anomaly* 1.58 (1.21-2.07) < 0.001

Tetralogy of Fallot 1.55 (1.15-2.10) 0.004

Modeling was performed using Generalized Estimating Equations (GEE) to

take into account repeated measurements within the same patient.

Significant independent predictors are presented; however, the model was

adjusted for all of the following other variables: weight, prematurity, presence

of genetic syndrome, and all cardiac diagnosis indicators. Statistically

significant is in bold.

* Pulmonary artery anomaly includes coarctation, atresia, or congenital

anomalies of the pulmonary artery.
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or left) (Table 5). Using the PeDIR encounters to determine

whether multiple subsequent encounters increased the inci-

dence of difficult intubations, the authors found that the latter

remained the same at 1.1% at first and subsequent encounters.

Duration of intubation was found to be associated significantly

with increased odds of acquiring an airway abnormality (odds

ratio = 1.03 per day; 95% CI = 1.02, 1.04; p < 0.001).

Discussion

In the authors’ study population, among the 4,787 patients

with CHD who underwent an anesthetic for surgical,
Table 5

Multivariate Analysis of Risk Factors for Acquired Airway Abnormality

Variable Odds Ratio 95% CI p Value

Weight <10 kg 1.32 (1.05-1.68) 0.018

Prematurity 1.33 (1.07-1.66) 0.01

Genetic syndrome 3.30 (2.63-4.13) < 0.001

Cardiac diagnoses

Interrupted aortic arch 2.63 (1.51-4.59) 0.001

Double aortic arch 6.58 (3.59-12.07) < 0.001

Anomalies of the aortic arch

(atresia, aneurysm, malformation,

right aortic arch)

1.44 (1.15-1.81) 0.002

Pulmonary artery anomaly* 1.54 (1.20-1.97) 0.001

Hypoplastic heart (right or left) 1.43 (1.07-1.89) 0.013

Modeling was performed using generalized estimating equations to take into

account repeated measurements within the same patient.

Significant independent predictors are presented; however, the model was

adjusted for all of the following other variables: weight, prematurity, presence

of genetic syndrome, number of surgical encounters, number of catheterization

encounters, number of intubated encounters, and all cardiac diagnosis

indicators. Statistically significant in bold.

* Pulmonary artery anomaly includes coarctation, atresia, or congenital

anomalies of the pulmonary artery.
interventional, or diagnostic cardiac procedures, for a total of

8,657 patient-encounters, 16.7% had at least 1 genetic syn-

drome, 8.5% had an associated congenital airway abnormality,

and 9.7% had an acquired airway abnormality.

The association of genetic syndromes and congenital car-

diac lesions is well- recognized.7 In the authors’ investigation,

the presence of a genetic syndrome was found to be an inde-

pendent risk factor for the presence of congenital and acquired

airway abnormalities. The most common genetic syndromes

were Down syndrome (6.0%), 22q11.2 microdeletion syn-

drome (3.6%), Stickler syndrome (3.0%), and CHARGE asso-

ciation (3.0%). Patients with Down syndrome are known to

have a higher incidence of CHD, reactive airway disease, and

airway anomalies that include laryngomalacia, tracheomalacia,

tracheal bronchus, and bronchomalacia compared to patients

without Down syndrome.8 Patients with CHD, with 22q11.2

microdeletion, are known to have a wide spectrum and a high

incidence of structural airway anomalies.9,10 They have a

higher incidence of associated lower airway abnormalities

including tracheal or bronchial stenosis (55.6%), tracheomala-

cia (28%), and evidence of shorter trachea with reduced num-

ber of tracheal rings on CT scan, resulting in significantly

longer ventilator use and postoperative hospital stay compared

to patients with CHD without 22q11.2 microdeletion syn-

drome.11,12 In addition, Sacca et al found that 71% of patients

with 22q11.2 microdeletion syndrome had airway anomalies,

among which tracheomalacia (36%), subglottic stenosis

(28%), and laryngomalacia (26%) were the most common.10

In this study, 8.5% of the patients had a congenital airway

abnormality and 9.7% had an acquired airway abnormality.

This incidence was higher than the documented incidence in

the literature, in which 2.5% to- 5% of patients with CHD

were found to have an airway abnormality.1,2,13,14 Postopera-

tive airway compression in the pediatric cardiac patient is rela-

tively common but often goes unrecognized. It is mainly due

to distortion of the tracheobronchial anatomy, with resultant

subglottic and tracheal stenosis that can complicate the periop-

erative course of these patients.15,16 Tracheostomy after car-

diac surgery was found to have an incidence of 1.3% to- 1.4%

in 2 studies and was associated with significant mortality.14,17

The indications for a tracheostomy included tracheobroncho-

malacia (24%), bilateral vocal cord paresis (10%), and the

presence of genetic syndromes, such as 22q11.2 microdeletion

and Down syndrome, with their associated airway

abnormalities.9,17

This study has shown that a longer duration of intubation

was associated with an increased risk of acquiring an airway

abnormality. Similarly, Thomas et al showed that longer dura-

tion of intubation was one of the factors that was associated

with acquiring severe subglottic stenosis in neonates.18 How-

ever, the number of intubation encounters, whether surgical or

catherization, was not associated with acquisition of an airway

abnormality or with the incidence of DI. This suggested that

acquired lesions may have resulted from a direct surgical insult

rather from repetitive airway instrumentation. The incidence of

DI remained unchanged at 1.1% between first and subsequent

encounters. This was lower than the 1.25% incidence of DI
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reported by Akpek et al, in which most of difficult intubations

(43.7%) were attributed to an anteriorly displaced larynx

defined by a grade 3 or 4 views in the Cormack and Lehane

classification, and the presence of congenital anomalies.19

The most frequently observed congenital airway abnormali-

ties in this study included laryngomalacia (4.7%), bronchoma-

lacia (4.6%), laryngeal cleft (4.1%), subglottic stenosis

(3.6%), tracheal disease (tracheomalacia, tracheal stenosis)

(2.8%), and agenesis of the lung (1.0%), which were compara-

ble to that previously reported in the literature.10,20,21 Tracheo-

malacia and bronchomalacia can result from a cartilage ring

malformation or from the pulsatile effect of an abnormal ves-

sel, with a resultant tracheal or bronchial localized softening.8

When evaluating the relationship between cardiac diagnoses

and congenital airway abnormalities, the authors found a

significantly increased risk with 5 cardiac diagnoses: inter-

rupted aortic arch; double aortic arch; aortic arch anoma-

lies including atresia, aneurysm, malformation, and tight

aortic arch; pulmonary artery abnormalities; and tetralogy

of Fallot. The relationship of vascular structures relative to

the tracheobronchial tree is believed to be due to the pres-

ence of common signaling pathways that equally affect tra-

cheobronchial branching and conotruncal septation.22 Early

during organogenesis, abnormal development can impair

airway integrity, with structural defects occurring anywhere

from the supraglottic to the infraglottic larynx.23 Conotrun-

cal defects, including tetralogy of Fallot and its variants,

interrupted aortic arch and coarctation of the aorta, were

the most common underlying diagnoses in biventricular

repair patients undergoing tracheostomy.17 In addition,

patients with tetralogy of Fallot were found to have a

higher incidence of tracheobronchial abnormalities such as

tracheal, glottic, and subglottic stenosis; complete circular

rings; bronchial situs; and bronchi abnormalities.3,22

Previous studies have shown that 13% to- 26% of con-

genital vascular abnormalities, such as vascular rings and

double aortic arch, result in extrinsic tracheobronchial com-

pression and postoperative airway obstruction.24 That

higher incidence of airway abnormalities seen in patients

with arch anomalies can be attributed to the geometric dis-

tortion of the aortopulmonary space, which results in

extrinsic airway compression.15,25 When using CT to evalu-

ate airway compression among CHD patients, airway com-

pressions were found to occur more frequently in patients

with vascular rings, absent pulmonary valve and repaired

aortic arch.26 The severity of extrinsic compression was

found to correlate positively with cardiac defects involving

left- heart enlargement, pulmonary artery dilation, and car-

diomegaly.27,28 Moreover, due to the immaturity of their

airway structures, lower airway conductance, and decreased

airway resiliency, infants and children are more susceptible

to airway malacia and extrinsic compression.28,29

The most common acquired airway abnormalities were par-

tial unilateral vocal paralysis (3.7%), total unilateral vocal

cord paralysis (2.9%), bronchomalacia (2.1%), and subglottic

stenosis (1.5%). The reported incidence of vocal cord paraly-

sis, presumably related to recurrent laryngeal nerve (RLN)
injury (mostly left sided), ranged between 1.1% and 25%

depending on the type of surgery and the weight of the child at

the time of surgery.30-32 These airway abnormalities can com-

plicate the postoperative course of these patients, leading to

significant morbidity and mortality.3,5 Patients requiring aortic

arch surgery are at higher risk of acquiring an airway abnor-

mality. Aortic arch surgery involves extensive surgical dissec-

tion and subsequent reconstruction of vascular structures. This

can result in injury to the RLN (particularly the left) and vocal

cord paralysis/paresis, as well as distortion of the tracheobron-

chial tree.17,28,33 Consistent with this, the authors’ multivariate

analysis revealed that hypoplastic heart syndrome was a risk

factor for acquiring an airway abnormality. This can be attrib-

uted to the high risk of injury to the RLN during the Norwood

procedure.17,34

Whether intraoperative RLN monitoring to prevent nerve

injury is efficacious remains to be determined.35 This study

demonstrated a higher incidence of acquired vocal cord paresis

and subglottic stenosis in premature patients and in patients

with a weight less than 10 kg, similar to 2 previous studies in

which birth weight, gestational age, younger age, and pro-

longed ventilation were associated with the development of

subglottic stenosis.36,37

In addition, prematurity, the presence of cardiovascular

malformations, and congenital anomalies are all risk factors

present in 41% of patients with congenital airway abnor-

malities who required hospitalization.21 Prematurity and

the presence of cardiac and genetic syndromes have been

identified as risk factors for airway malacia.38 Moreover, in

this study, patients with congenital airway abnormalities

were more likely to develop an acquired airway abnormal-

ity than patients without a congenital airway abnormality.

However, in this investigation, the development of an

acquired airway lesion was not associated with a higher

incidence of DI, contrary to what has been reported in

other series.1,39

The primary limitations of the present study were related to

its retrospective nature. This analysis may have been compro-

mised by missing data in the form of unrecorded or errone-

ously recorded diagnoses. The diagnosis of acquired airway

abnormalities may be underestimated because in the absence

of aggressive surveillance for these lesions, the diagnosis is

dependent on stridor or respiratory distress significant enough

to warrant further investigation and be recorded.

In conclusion, the likelihood of a coexistent airway

abnormality, and the possibility of difficult intubation and

airway complications, should be considered in premature

CHD patients, patients <10 kg, and those with specific car-

diac lesions and a concomitant genetic syndrome. In the

context of a well-proven association between tracheobron-

chial abnormalities and cardiac defects, preoperative identi-

fication of patients at high risk of airway abnormalities

will be useful in addressing their potential airway problems

preoperatively, as well as planning their intraoperative and

postoperative airway management. Future prospective stud-

ies , assessing the implications of airway abnormalities and

difficult intubation on clinical outcomes are needed.
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