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ABSTRACT

Background. Esophageal atresia (EA) is a rare congenital anomaly frequently accompanied by

additional birth defects, posing significant challenges to patient outcomes. Despite notable

progress in treatment, EA patients without comorbidities still encounter significantly elevated

mortality rates and endure long-term complications that severely impact their quality of life. This

study aimed to investigate the impact of gestational age on post-repair gastroesophageal and

respiratory complications in EA patients.

Aim. To investigate the impact of gestational age on the incidence of gastrointestinal and

respiratory complications during the first 5 years after esophageal atresia repair.

Methods. A retrospective chart review was conducted, involving 137 patients who underwent

primary EA repair at McGill University Health Centre between 2005 and 2023. Data was reviewed

independently by research team members and entered into an electronic REDCap database.

Descriptive and analytical statistics were compared and discussed in light of pre-existing literature,

and the estimated impact of gestational age on gastrointestinal and respiratory outcomes during the

first 5 years after surgical repair was explored.

Results. Demographic correlation was found between our study population and international

reported outcomes. We found no association between gestational age and the incidence of

respiratory complications within the first 5 years after primary surgical repair. An increased

incidence in the reported use of anti-H2 blocker therapy was reported for the full-term study

population (p=0.001; OR 15.75 [2.65;93.46]) while the incidence of need for force feeding

(p=0.019; OR 0.15 [0.03;0.75] and stenosis (p=0.046; OR [0.05, 1.03]) was significantly higher in

the premature population.
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Conclusion. No impact of gestational age on respiratory complications was found during the first

5 years of life. In addition, the majority of gastrointestinal complications during the first 5 years of

life were equally not impacted by gestational age. Due to the limited availability of substantial

scientific data, actionable conclusions based on these results should be cautiously interpreted. This

study emphasizes the need for broad international scientific collaborations with predefined

variables and objectives. Further studies are needed to establish a comprehensive understanding of

the impact of gestational age on respiratory and gastrointestinal complications.

Page 4 of 75 06/20/2022



RESUME

Contexte. L'atrésie de l'œsophage (AO) est une anomalie congénitale rare souvent accompagnée

de malformations congénitales supplémentaires, ce qui pose d'importants défis pour les résultats

des patients. Malgré des progrès notables dans le traitement, les patients atteints d'AO sans

comorbidités présentent encore des taux de mortalité significativement élevés et souffrent de

complications à long terme qui affectent considérablement leur qualité de vie. Cette étude visait à

étudier l'impact de l'âge gestationnel sur les complications gastro-œsophagiennes et respiratoires

après réparation de l'AO. Objectif Étudier l'impact de l'âge gestationnel sur l'incidence des

complications gastro-intestinales et respiratoires au cours des 5 premières années après la

réparation de l'atrésie de l'œsophage.

Méthodes. Une étude exhaustive de dossiers rétrospectifs a été réalisée, impliquant 137 patients

ayant subi une réparation primaire de l'AO au Centre universitaire de santé McGill entre 2005 et

2023. Les données ont été examinées indépendamment par les membres de l'équipe de recherche et

saisies dans une base de données électronique REDCap. Des statistiques descriptives et analytiques

ont été comparées et discutées à la lumière de la littérature préexistante, et l'impact estimé de l'âge

gestationnel sur les résultats gastro-intestinaux et respiratoires au cours des 5 premières années

après la réparation chirurgicale a été exploré.

Résultats. Une corrélation démographique a été trouvée entre notre population d'étude et les

résultats internationaux rapportés. Nous n'avons trouvé aucune association entre l'âge gestationnel

et l'incidence des complications respiratoires au cours des 5 premières années après la réparation

chirurgicale primaire. Une incidence accrue de l'utilisation rapportée d'un traitement par les

anti-H2 a été observée pour la population à terme (p = 0,001 ; OR 15,75 [2,65 ; 93,46]), tandis que
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l'incidence du besoin de nourriture forcée (p = 0,019 ; OR 0,15 [0,03 ; 0,75]) et de sténose (p =

0,046 ; OR [0,05, 1,03]) était significativement plus élevée dans la population prématurée.

Conclusion. Aucun impact de l'âge gestationnel sur les complications respiratoires n'a été observé

au cours des 5 premières années de vie. De plus, la majorité des complications gastro-intestinales

au cours des 5 premières années de vie n'ont pas été influencées de manière significative par l'âge

gestationnel. En raison de la disponibilité limitée de données scientifiques substantielles, les

conclusions pratiques basées sur ces résultats doivent être interprétées avec prudence. Cette étude

souligne la nécessité de collaborations scientifiques internationales étendues avec des variables et

des objectifs prédéfinis. Des études supplémentaires sont nécessaires pour établir une

compréhension globale de l'impact de l'âge gestationnel sur les complications respiratoires et

gastro-intestinales.
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ABBREVIATIONS

EA Esophageal atresia

CHARGE Coloboma of the eye, Heart defects, Atresia of the nasal choanae, Retardation of

growth and/or development, Genital and/or urinary abnormalities, and Ear

abnormalities and deafness.

GA Gestational age

MCH Montreal Children’s Hospital

MUHC McGill University Health Centre

TEF Tracheo-esophageal fistula

LGEA Long-gap esophageal atresia

VACTERL Vertebrae Anus Cardiac Trachea Esophagus Renal Limb
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CHAPTER 1 - INTRODUCTION

1.1 Background

Anatomy. The anatomy of the esophagus begins at the level of the cricoid cartilage in the neck and

extends downward through the mediastinum, passing through the diaphragm, and terminating at the

gastroesophageal junction in the abdomen. It is approximately 25-30 cm long in adults and has four

distinct anatomical parts: cervical, thoracic, abdominal, and gastroesophageal junction. Several

layers of smooth muscle fibers, which enable peristaltic contractions to propel food from the mouth

to the stomach during the process of swallowing, are organized in inner circular and outer

longitudinal layers. The end of the esophagus is anatomically marked by the gastroesophageal

junction and gastrointestinal sphincter muscle, of which the latter plays an important role in the

prevention of gastric contents propelling back into the esophagus.1,2,3 The newborn esophagus

differs physiologically and anatomically from the adult. The length is around 10-12 cm with an

approximate outer diameter of one to eight millimeters. The muscle layers are underdeveloped

resulting in limited coordination of peristaltic movements which compromises swallowing and

digestion as well as increases the risk of reflux. A normal physiological trait in a newborn baby.4,5,6

Embryonic development. During the early stages of embryonic development, the primitive gut

tube forms as a result of folding and fusion of the endodermal layer. Around the fourth week of

gestation, the gut tube undergoes regional differentiation, leading to the establishment of the

foregut, midgut, and hindgut.6,7 In the following weeks organogenesis leads to the development of

specific structures within the foregut such as the esophagus and stomach. Under normal

circumstances the foregut will detach from the trachea and continuous growth, development and
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differentiation of cells will lead to a normal anatomical presentation of the gastrointestinal and

respiratory system.6,7 In the case of esophageal atresia, disruptions occur during the differentiation

and elongation of the esophagus. The tracheoesophageal septum which usually separates the

esophagus and the respiratory tract is defective, resulting in an abnormal development, connection

and/or communication between the trachea and esophagus known as a transesophageal fistula

(TEF). Simultaneously, the growth of the esophagus is equally compromised resulting in an upper

“pouch” and a distal segment which connects to the stomach.8,9,10

Diagnostics. Esophageal atresia patients are usually diagnosed prenatal by ultrasound examination.

Key findings include the absence or small size of the fetal stomach bubble and the presence of

polyhydramnios (excessive amniotic fluid) due to the inability of the fetus to swallow and absorb

amniotic fluid properly.11 Due to the increased risk of concomitant comorbidities such as genetic

syndromes or chromosomal abnormalities the ultrasound examination is usually supplemented with

genetic testing.11 Due to an extensive prenatal screening program in most high income countries,

EA is often diagnosed prior to birth. This ensures that clinicians are able to prepare for the

immediate perioperative management of the newborn with EA. In particular, the coordination

among the obstetric team, neonatal specialists, and pediatric surgeons, ensures a well-planned

approach to the delivery and subsequent care of the affected newborn.11 Postpartum, the immediate

priority is to establish a patent airway for the newborn.12 Depending on the specific type of EA, a

tracheoesophageal fistula (TEF) may be present, leading to respiratory complications. In an attempt

to mask ventilate the newborn EA patient, air will be able to pass through the TEF into the stomach.

This will increase intragastric pressures making continuous ventilation difficult due to an increased

trans diaphragmatic pressure affecting the lung capacity. A suction is inserted into the upper blind
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pouch of the esophagus. Though closed distally, this upper pouch can equally generate secretions

which will then spill over to the trachea and result in respiratory complications.

Anatomical configuration. Esophageal atresia (EA) can present in various anatomical

configurations, each with its own specific characteristics. This was anatomically described in 1939

by Vogt et al. and reviewed by Gross et al. in 1953 which now remains the predominant

classification used internationally.13,14 The initial risk classification of EA patients was provided by

Waterson et al. in 1962, and was based on the presence of other congenital anomalies and

pneumonia.15 The risk classification was following revised by Spitz et al. in 1994 and continues to

be the most commonly utilized risk classification systems for EA demonstrating a birth weight

dependent survival rate of 97% (>1500g without major cardiac anomaly), 59% (<1500 g or major

cardiac anomaly) and 22% (Birth weight <1500 g and major cardiac anomaly)16,17:

Type A: Isolated esophageal atresia. The upper and lower segments of the esophagus do not

connect, resulting in a complete interruption or atresia of the esophageal lumen. There is no

associated TEF. This presentation accounts for about 8% of cases.14

Type B: Esophageal atresia with proximal TEF. One of the two rarest forms of EA accounting for

<1% of cases. In this particular setting the upper esophageal pouch connects via a

tracheoesophageal fistula to the trachea.14

Type C: Esophageal atresia with distal TEF. This is the most common form (86%) characterized by

a proximal esophageal pouch and a distal esophageal segment, which connects to the trachea via a

TEF.14
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Type D: Esophageal atresia with double TEF: This is the second rarest form of EA, representing

<1% of cases. Both the proximal and distal esophageal segment has a connection to the trachea

through a TEF.14

Type E: H-Type fistula. This type is characterized by a small fistula or communication between the

trachea and esophagus without any associated esophageal atresia. It is considered a separate entity

from traditional EA but is included in the classification due to its similar clinical presentation. The

H-type fistula may present with varying degrees of severity.14

In addition to the above mentioned categories, the long gap esophageal atresia (LGEA) represent a

specific subtype of esophageal atresia where there is a significant separation between the proximal

and distal ends of the esophagus, making primary anastomosis challenging or impossible.18,19 This

population of esophageal atresia patients are less likely to have a TEF, but are more likely to be

related to trisomy 21. For these patients surgery will take place once the esophagus has had time to

grow to an appropriate length. This can either be achieved by passively awaiting growth of the

esophagus or facilitated by use of the Foker process in which case a surgical intervention places

sutures in the proximal and distal end of the esophagus. These sutures are then connected to an

exterior traction device to allow for stretching of the muscle and connective tissue fibers.20

Treatment. Final surgical correction for esophageal atresia usually takes place within the first days

of life depending on the need for diagnostic evaluation and preoperative optimization. Various

approaches (open surgery vs laparoscopic surgery) exist depending on the specific anatomic

presentation, comorbidity and the possible presence of a TEF.21 The essence of the surgical

correction is to make an anastomosis in order to connect the proximal and distal end of the

esophagus, and to close any presence of a TEF to avoid respiratory complications and allow for a
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normal anatomical presentation.22 If surgery and postoperative care is uncomplicated the patient

should be able to start feeding around 1 week post surgical correction.

Complications. Despite the extensive multidisciplinary approach right after birth this is just the

beginning of a long encounter for the EA patient with the health care system. From prenatal

diagnostic evaluation to being born with a congenital defect, corrected surgically and discharged

from hospital the majority of patients will on repeated occasions need an entire team of dedicated

clinicians and healthcare professionals ready to assure a proper treatment and follow up of short-

and long term complications. These include but are not limited to tracheomalacia, aspiration

pneumonia, asthmatic symptoms, chronic cough, wheezing, gastroesophageal reflux, esophagitis,

anti-reflux medication / surgical procedures and much more.23,24,25

Increased fetal, surgical and perioperative medical care has resulted in an almost 100% survival rate

for full term EA patients born without comorbidity26. However, standardized mortality rates for all

EA patients is still 12 times greater compared to the background population with a peak incidence

within the first five years of life.26,27,28 Representing a rare congenital anomaly with an incidence of

approximately 1.2 to 4.5 per 10,000 births, esophageal atresia is frequently associated with other

congenital anomalies such as tracheoesophageal fistula (TEF), anal atresia, vertebral defects as well

as cardiac, renal and limb malformations (e.g., VACTERL sequence).27 Depending on the number

and gravity of comorbidity these patients will be severely challenged in short- and long term

outcomes. In the short term, individuals with EA and associated anomalies may face challenges

related to feeding difficulties, respiratory problems, surgical complications, and the need for

specialized care in a neonatal intensive care unit (NICU) setting. Long-term outcomes can vary

widely depending on the specific anomalies involved, and include issues related to growth and
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development, gastrointestinal function, respiratory health, cardiac function, renal function, and

musculoskeletal abnormalities. Comprehensive and ongoing medical care, including surgical

interventions, rehabilitation, and multidisciplinary support, is crucial to optimize the quality of life

for these individuals.24,28

Throughout an entire lifespan EA patients are submitted to multiple admissions, investigations,

surgeries and long term medication therapy related to respiratory and gastrointestinal

complications.25 Initially, breathing disorders are most often caused by congenital conditions such

as tracheomalacia or a tracheoesophageal fistula. Tracheomalacia is a pathological condition

characterized by abnormal weakening of the tissue surrounding the trachea and the tracheal walls,

resulting in compromised structural airway integrity. It represents a complex respiratory condition

that necessitates a multidisciplinary approach involving specialists in pediatric pulmonology,

otolaryngology, and sometimes even thoracic surgery.29 For most EA patients tracheomalacia will

ameliorate with time as they continue to grow and develop but for some patients this will remain a

lifelong challenge and complication.30,31,32 The presence of a transesophageal fistula (TEF)

significantly affects respiration, ventilation and oxygenation in EA patients. Aspiration of gastric

contents to the lungs causes inflammation, infection, and damage to the lungs, contributing to

atelectasis, chemical induced pneumonia, respiratory distress, impaired respiratory function,

desaturation and hypoxemia. In worst cases acute respiratory distress syndrome (ARDS) will

develop and necessitate intubation and mechanical ventilation due to an impaired

ventilation/perfusion mismatch. Later in life, despite adequate surgical correction, persisting

respiratory complications are most often characterized by asthma-like symptoms (e.g. wheezing),

chronic cough and chronic restrictive lung disease as a result of recurrent pulmonary infections.33,34
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Chronic motility disorders, strictures, esophagitis, dysphagia, feeding disorders and intestinal

metaplasia are some of the most common gastrointestinal complications of EA surgery, mandating

multiple esophageal dilations and long term anti-reflux medication therapy. These comorbidities

follow the patient long into adulthood, with gastroesophageal reflux disease reported in up to 48%

of adult EA patients.29 The extent of medical and surgical anti-reflux treatment following primary

EA repair is currently not well documented. This is also the case regarding the impact of medical

anti-reflux treatment on positive endoscopic findings later in life. Managing long-term

gastrointestinal complications in EA patients requires a multidisciplinary approach involving

gastroenterologists, nutritionists, and other healthcare professionals. Treatment strategies may

include medication to control reflux and promote gastric emptying, dietary modifications,

esophageal dilation, surgical interventions, and long-term monitoring to ensure adequate nutrition

and optimize gastrointestinal function.28,29,33

With a consistent ‘high’ survival rate and optimized medical treatment of comorbidities, quality of

life and patient reported outcomes have become an area of increased interest. Understanding the

physical, psychological, and social aspects of living with EA is important to allow for a continuous

understanding.35

1.2 Rationale. Despite the extensive literature on complications related to EA repair, several

research gaps still exist. These include, amongst others, long-term follow-up to understand the

late-onset complications, such as gastroesophageal reflux (GER), respiratory aggravations and

delayed growth and development.36,37 There is a need for more comprehensive studies aiming to

identify and understand risk factors associated with these complications after EA repair. In

particular, the impact of gestational age, associated congenital anomalies, genetic factors, prenatal

Page 16 of 75 06/20/2022



exposures and perioperative management on the occurrence of complications is of interest and

considered incomplete.38,39 Finally, quality of life outcomes in individuals who have undergone EA

repair is another underreported research area of interest. Studies evaluating risk factors in addition

to the physical, cognitive, and psychosocial outcomes in these individuals can provide valuable

insights into the overall impact of complications related to EA repair on the quality of life.35,40

1.3 Research question. Is there a correlation between gestational age (GA) in children with

EA/TEF and the occurrence of gastrointestinal or respiratory complications within the first five

years of life?

1.4 Hypothesis. Incidence of gastrointestinal and respiratory complications within 5 years of life

after primary surgical repair for esophageal atresia is greater in preterm vs full-term infants.

1.5 Objective. The main objective of this study was to investigate the impact of gestational age on

the incidence of gastrointestinal and respiratory complications during the first five years after

esophageal atresia (EA) repair in a select population of children surgically treated at the Montreal

Children’s Hospital from 2005 to 2023.
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CHAPTER 2 - MANUSCRIPT BASED THESIS

2.1 Article information.

Johansen M1, Wasserman S2, Engelhardt T2, Laberge JM3, Daniel S3, Poenaru D1.

Please hold while we connect you: Exploring the Impact of Gestational Age on

Gastrointestinal-Respiratory Complications in Esophageal Atresia (manuscript for submission).

1Dep. of Surgical and Interventional Science, McGill University

2Dep. of Pediatric Anesthesia, McGill University Health Centre, Quebec, Canada

3Dep. of Pediatric Surgery, McGill University Health Centre, Quebec, Canada

Corresponding author: Dr Mathias Johansen, Department of Pediatric Anesthesia, 1001 Boulevard

Decarie, H4A 3J1, Montreal, Quebec, Canada. E-mail: mathias.johansen.med@ssss.gouv.qc.ca

2.2 Abstract

Background. Esophageal atresia (EA) is a rare congenital anomaly frequently accompanied by

additional birth defects, posing significant challenges to patient outcomes. Despite notable progress

in treatment, EA patients without comorbidities still encounter significantly elevated mortality rates

and endure long-term complications that severely impact their quality of life. This study aimed to

investigate the impact of gestational age on post-repair gastroesophageal and respiratory

complications in EA patients.

Methods. A retrospective chart review was conducted on 137 patients who underwent primary EA

repair at Montreal Children’s Hospital between 2005 and 2023. Data was reviewed independently

by research team members and entered into an electronic REDCap database. Descriptive and

analytical statistics were performed to compare the study population's outcomes to the literature and
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the impact of gestational age on gastrointestinal and respiratory outcomes during the first 5 years

after surgical repair.

Results. Our patient population included 39.4% females with a mean GA of 37.2 +/-3.2 weeks and

a mean birth weight of 2679 +/-708 grams. The anatomical variations, stratified according to the

EA Gross classification, showed the following distribution: Type A=3%, Type B=1.6%, Type

C=82.2%, Type D=4.8% and Type E=8%. VACTERL syndrome was observed in 17 patients

(27%) and CHARGE syndrome in one patient (1.6%). The categorical breakdown of congenital

anomalies showed the following distribution: vertebral (23%), anorectal malformation (9.5%),

cardiac (45.2%), distal esophageal fistula (95.1%), renal (27.9%), skeletal (11.1%), respiratory

(8.6%), digestive (54.7%) and other (20.7%). The most frequent gastrointestinal complication

observed in preterm and full term patients were use of anti-reflux medication (90.9% and 100%

respectively) followed by need for dilatation (72.7% vs 50%), while need for force feeding was

observed in 54.5% of preterm and 14.8% of full term patients. Full term patients demonstrated a

significant increase in the use of anti-H2 blocker therapy compared to preterm patients (p=0.001;

OR 15.75 [2.65,93.46]) while the incidence of force feeding (p=0.019; OR 1.5 [0.03,0.75]) and

esophageal stenosis (p=0.46; OR [0.05, 1.03]) was significantly higher in the preterm population.

The incidence of respiratory complications was found to be higher in the full term patient

population (respiratory aggravations: 57.7% vs 33.3%; abnormal respiratory symptoms: 84.6% vs

66.7% and abnormal auscultation: 73.1% vs 46.7%) with the only exception exertional dyspnea

which was higher in the preterm population (13.3% vs 7.7%). These results were all statistically

non-significant with a p value >0.05. Also, no significant association between gestational age and

the incidence of respiratory complications during the first 5 years after primary surgical repair for

esophageal atresia was observed.

Page 19 of 75 06/20/2022



Conclusion. Our findings indicate that the demographic composition of our study population

closely aligns with the characteristics reported in literature. This comparability enhances the

usefulness and generalizability of our study, as it strengthens the representativeness of our findings

and allows for better extrapolation to broader populations. The use of anti-H2 blocker therapy was

reported significantly higher in full term patients while the number of force feeding and stenosis

was higher in the premature population. These findings suggest that a subgroup of gastrointestinal

complications are related to gestational age. Further investigative studies should be conducted to

explore additional factors and mechanisms underlying these complications, allowing for a more

comprehensive understanding and potential interventions to mitigate the associated risks. No

association between gestational age and respiratory complications during the first 5 years of life

was observed. The study had several limitations including a small sample size, missing data and

variability in the reporting of outcomes. Additional research studies are necessary to evaluate the

impact of gestational age on postoperative complications related to the surgical treatment of

esophageal atresia. These studies should aim for larger sample sizes (international collaborations),

consistent outcomes and standardized definitions in order to provide more comprehensive insights.

2.3 Introduction

Esophageal atresia (EA) is a rare congenital anomaly with an incidence of 1.2 to 4.5 per 10,000

births and is often associated with severe birth defects that present challenges to patient

outcomes.26 The etiology of EA is multifactorial, involving genetic and environmental factors

which further complicates clinical care, long term follow up and alignment of definitions and

outcomes in clinical research.8,9 Despite improvements in surgical care and perioperative
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management, even EA patients without comorbidities experience elevated mortality rates and

long-term complications impacting their health and quality of life.10

Prematurity, defined as birth before 37 weeks of gestation, is associated with a range of

complications that contribute to increased morbidity and mortality.41,42,43,44,45 These include

amongst others apnea of prematurity, respiratory distress due to impaired lung maturity, low

birthweight, necrotizing enterocolitis (NEC), sepsis and developmental delay.41 The influence of

gestational age on post-repair gastroesophageal and respiratory complications in EA patients

remains unclear.10,24,26 Exploring the impact of prematurity versus full-term birth on the prevalence

of complications among patients who have undergone surgical repair for esophageal atresia holds

significant importance for multiple reasons. First and foremost, comprehending the correlation

between gestational age and the incidence of gastrointestinal and respiratory complications can aid

clinicians in delivering optimal care to their patients. By identifying risk factors for complications,

healthcare providers can tailor their treatment plans to minimize the likelihood of unfavorable

outcomes and enhance long-term patient results. Secondly, this investigation can contribute to the

wider domain of pediatric surgery and direct future research on the enduring consequences of

congenital abnormalities.8,19,27 Moreover, the study findings can also provide valuable insights for

health policy and resource allocation determinations by highlighting the potential impact of

gestational age on healthcare expenses and usage.35,42 This study aims to investigate the impact of

gestational age on respiratory and gastrointestinal complications within the first five years of life.

2.4 Methods

We conducted a retrospective chart review of a cohort of 137 patients who had undergone primary

surgical repair for EA at the Montreal Children’s Hospital between 2005 to 2023. Case report forms

(CRFs) were completed by clinicians over a 18 year timespan. The data collected included patient

Page 21 of 75 06/20/2022



demographic characteristics (table 1), medical and surgical history, ongoing care and clinical

outcomes (table 2 and appendix 1). Data was collected at birth, during primary hospital stay and

through emergency and/or planned follow-up clinics. Surgical, gastro-intestinal and respiratory

procedures undertaken at each follow-up were recorded. We reviewed CRF data collection forms

for completeness of data registration. Available data was subsequently uploaded onto an online

web-based Research Electronic Data Capture database (REDCap) created for this specific purpose.

Prior to data entry in REDCap, CRFs were reviewed by two independent members of the research

team for potential outliers and errors. In case of discrepancy, the principal investigator was

consulted and had the final decision. In the case of blank CRF data fields, these would be registered

and counted for each sub-category. Descriptive and analytical statistics of the study population were

performed to estimate data integrity, obtain a better understanding of the study population, review

conformity to international findings and investigate the impact of gestational age on gastrointestinal

and respiratory complications as previously described (Tables 3 and 4). We aimed to apply logistic

regression analysis to examine the association between prematurity and full term patients on the

incidence of respiratory and gastrointestinal complications while adjusting for potential

confounding factors such as sex, specific lesions and/or the presence of congenital anomalies.

2.5 Statistical analysis

Descriptive analyses were performed on demographic and clinical characteristics such as sex,

gestational age, birth weight, and presence of other congenital anomalies (table 1). Differences

between preterm and full-term births were examined using independent t-tests or Mann Whitney-U

test for continuous data and Chi-squared tests or Fischer exact tests for binomial data (tables 3 and

4). We examined the relationship between gestational age and the incidence of gastro-intestinal and

respiratory complications using the chi square test and logistic regression. Clinically relevant
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variables were added to the model to adjust for potential confounding. The logistic regression

estimated the association between gestational age and the incidence of complications within the

first five years of life. A p-value < 0.05 was considered statistically significant.

2.6 Results

From our total patient population (N=137) we found 61 patients registered with a mean GA of

37.2+/-3.2 and 63 patients with a mean birth weight of 2679 grams (SD=708). Modality of birth

(vaginal vs c-section) was not a recorded outcome. The discrepancy in recorded numbers is caused

by lack of data entry in CRFs throughout the recorded timeline (2005-2023). Hence, the total study

population of 137 patients did not have fully recorded outcomes as demonstrated in tables (N =

number of subjects with reported outcome). The anatomical variations, stratified according to the

EA Gross classification, showed the following distribution (N=62): Type A=3%, Type B=1.6%,

Type C=82.2%, Type D=4.8% and Type E=8%. We identified a total of 18 syndromic patients, 17

diagnosed with VACTERL (11.7%) and 1 diagnosed with CHARGE (1.6%). The categorical

breakdown of congenital anomalies showed the following distribution: vertebral (23%), anorectal

malformation (9.5%), cardiac (45.2%), distal esophageal fistula (95.1%), renal (27.9%), skeletal

(11.1%), respiratory (8.6%), digestive (54.7%) and other (20.7%). The most frequent

gastrointestinal complication observed in preterm and full term patients were use of anti-reflux

medication (90.9% and 100% respectively) followed by need for dilatation (72.7% vs 50%) while

need for force feeding was observed in 54.5% of preterm and 14.8% of full term patients. To

investigate the impact of gestational age on respiratory and gastrointestinal outcomes we used

inferential statistical tests for categorical data. An increased incidence in the reported use of anti-H2

blocker therapy was reported for the full term study population (p=0.001; OR 15.75 [2.65;93.46])

while the incidence of need for force feeding (p=0.019; OR 0.15 [0.03;0.75]) and stenosis
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(p=0.046; OR [0.05, 1.03]) was significantly higher in the premature population. No other

significant findings were reported for gastrointestinal complications. The incidence of respiratory

complications was reported higher in the full term patient population (respiratory aggravations:

57.7% vs 33.3%; abnormal respiratory symptoms: 84.6% vs 66.7%; abnormal auscultation: 73.1%

vs 46.7%) with the only exception exertional dyspnea which was higher in the preterm population

(13.3% vs 7.7%). These results were statistically non-significant. Also, no significant association

between gestational age and the incidence of respiratory complications during the first five years

after primary surgical repair for esophageal atresia was observed.
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TABLE 1

Total, n 137

Male, n (%) 83 (60.6%)

Mean gestational age, weeks 37.16 (SD=3.24)

Birth weight, grams 2675 (SD=708)

Type of EA, n 62

A, n (%)
B, n (%)
C, n (%)
D, n(%)
E, n (%)

2 (3%)
1 (1.6%)
51 (82.2%)
3 (4.8%)
5 (8%)

Anomalies, n (%)
- Vertebral
- Anorectal
- Cardiac
- Renal
- Limb
- Digestive
- Respiratory tract
- Other

14 (23%)
6 (9.5%)
28 (45.2%)
17 (27.9%)
7 (11.1%)
6 (54.7%)
5 (8.6%)
12 (20.7%)

Syndrome, n (%)
- VACTERL
- CHARGE

18 (28.6%)
17 (27%)
1 (1.6%)

Table 1: Demographic overview of 137 esophageal atresia (EA) patients originating from Montreal

Children’s Hospital during the period 2005 to 2023. Incidence rates are reported in percentage as

number of study subjects identified in a complete registered cohort (n=number of patients with

reported outcome).
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Table 2

Demographics Sex, date of birth, place of birth, gestational
age, birth weight, APGAR, date of admission
to hospital, family

Prenatal Intrauterine growth delay
History of EA/TEF
Multiple pregnancy
In Vitro Fertilization
Prenatal diagnosis

Anomalies Skeletal, anorectal, cardiac, renal, limb,
gastrointestinal, respiratory, other syndromic

Type of EA Gross classification

Syndromes VACTERL, CHARGE, Other

Gastrointestinal Current medical treatment, nutrition, need for
tube feeding, endoscopic evaluations,
interventional procedures

Respiratory Symptoms, aggravations, admissions, medical
treatment, interventional procedures, imaging

Table 2: Categorical breakdown of variables collected. Each category represents a multitude of

variables outlined in appendix 1. EA (esophageal atresia); TEF (tracheoesophageal fistula)
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TABLE 3

Gastrointestinal
complications

Preterm
(n=15)

Full term
(n=29)

p-value
Odds-Ratio (OR)

- Current medications
- Proton pump inhibitors
- Cisapride
- Domperidone
- Anti H2

10/11 (90.9%)
10/11 (90.9%)
2/4 (50%)
6/11 (54.5%)
2/11 (18.2%)

27/27 (100%)
19/26 (73.1%)
2/4 (50%)
11/26 (42.3%)
21/27 (77.8%)

.289

.391

.597

.719
0.001**
OR 15.75 [2.65,
93.46]

Need for force feeding 6/11 (54.5%) 4/27 (14.8%) .019*
OR 0.15 [ 0.03, 0.75]

Esophageal findings
- Esophagitis
- Barret’s esophagus
- Stenosis

- Hiatal hernia
- Esophageal diverticulum

2/11 (18.2%)
0 (0%)
8/11 (72.7%)

2/11 (18.2%)
1/11 (9.1%)

4/24 (16.7%)
1/26 (3.8%)
10/27 (37%)

0 (0%)
0 (0%)

1.00
1.00
.046*
OR [0.05, 1.03]
.083
.297

Stomach/duodenum
findings
- Ectopic pancreas
- Microgastria

1/11 (9.1%)
0 (0%)

4/26 (15.4%)
1/26 (3.8%)

1.00
1.00

Histology
- Peptic esophagitis
- Eosinophilic esophagitis
- Dilatation required

5/11 (45.5%)
2/11 (18.2%)
8/11 (72.7%)

7/26 (26.9%)
3/26 (11.5%)
13/26 (50%)

.443

.623

.285

＞1 complication 10/11 (90%) 19/27 (70.4%) .237

Table 3: Incidence of gastrointestinal complications in preterm and full term EA patients operated

at the MUHC from 2005-2023. Numbers reported are based on accessibility of completed case

report forms. Chi square analysis was performed to explore the difference in impact of gestational

age (GA) on outcomes between preterm and full term study subjects; p<0.05* was considered
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significant with ** representing a very high level of statistical significance. Odds Ratio (OR) <1

suggests the likelihood of an inverse relationship. In this case “anti-H2” medication therapy was

significantly higher in the full term group compared to the preterm group while the “need for

gavage” and “stenosis” was significantly higher in the preterm versus full term study group.
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Table 4

Respiratory
complications

Preterm
(n=15)

Full term
(n=29)

p-value
Odds Ratio (OR)

Aggravations 5/15 (33.3%) 15/26 (57.7%) .133

Admission
- Intensive care
- Hospital admission
- Urgent care

2/15 (13.3%)
2/15 (13.3%)
5/18 (27.8%)

7/26 (26.9%)
6/26 (23.1%)
13/26 (50%)

.297

.687

.300

Medications
- Antibiotics
- PO steroids
- INH steroids
- Ventolin

4/15 (26.7%)
2/15 (13.3%)
2/14 (14.3%)
2/14 (14.3%)

12/26 (46.2%)
9/26 (34.6%)
5/25 (20.0%)
7/25 (28%)

.218

.168
1.00
.445

Diagnosis
- Pneumonia
- Bronchitis
- Sinusitis
- Asthma attack

4/15 (26.7%)
2/15 (13.3%)
0
1/14 (7.1%)

9/26 (34.6%)
7/25 (28%)
0
6/26 (23.1%)

.598

.440
-
.387

Abnormal respiratory
symptoms
- Coughing
- Morning cough
- Nighttime cough
- Grumbling breathing
- Grumbling (eating)
- Wheezing
- Respond to Ventolin

10/15 (66.7%)

2/14 (14.3%)
2/15 (13.3%)
1/14 (7.1%)
2/15 (13.3%)
2/15 (13.3%)
3/14 (21.4%)
1/14 (7.1%)

22/26 (84.6%)

9/25 (36.0%)
5/25 (20.0%)
9/25 (36.0%)
10/25 (40%)
4/25 (16%)
5/25 (20.0%)
4/24 (16.7%)

.181

.266

.147

.064

.152
1.00
1.00
.633

Exertional dyspnea 2/15 (13.3%) 2/26 (7.7%) .615

Continuous dosing
aerosol

Corticosteroids
- Without LABA
- With LABA
- Other inhaler

0

1/7 (14.3%)
0
0

2/26 (7.7%)

6/7 (85.7%)
1/26 (3.8%)
5/25 (20.0%)

.524

.232
1.00
.137

Abnormal auscultation 7/15 (46.7%) 19/26 (73.1%) .091
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- Rhonci
- Crackles
- Whistles

4/13 (30.8%)
0
0

9/21 (42.9%)
2/10 (20.0%)
4/18 (22.2%)

.719

.272

.268

Table 4: Incidence of respiratory complications in preterm and full term EA patients operated at

the Montreal Children’s Hospital from 2005-2023. Chi square analysis was performed to explore

the difference in impact of gestational age (GA) on outcomes between preterm and full term study

subjects. PO (per os); INH (inhalational); LABA (long acting beta agonists); OR (odds ratio)

2.7 Discussion

Patients with esophageal atresia form a group of medically well-defined patients who typically

receive consistent surgical and medical care across most high income countries. Our study sought

to explore the relationship between gestational age and predefined respiratory and gastrointestinal

outcomes, addressing a gap in the existing scientific literature.46,47 Our study sample of 137

patients who underwent primary surgical repair for EA at the MCH over 18 years revealed

similarities to existing literature in terms of patient demographics, comorbidities and

complications. However, the reported outcomes differ significantly across various studies, and

predominantly rely on retrospective cohort studies, indicating a scarcity of scientifically rigorous

data. One of the primary reasons for the lack of scientific evidence and consensus of definitions

relates to the rarity and complexity of the disease presentation and treatment.47 A low incidence of

EA makes it difficult to explore prospective randomized clinical trials without a large international

multicenter setup. The NECTARINE study, originating from Europe and including 77 different

centers in 24 European countries, is an example of a prospective investigative study aiming to

explore mortality and morbidity in a population of European neonates.48,49 Conducted in
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2016-2017 this large multicenter study investigated perioperative management of more than 5600

neonates from which esophageal atresia represented a subpopulation of 134 study subjects. They

reported 30-day postoperative complications as being of predominant respiratory (47%), surgical

(34%) and cardiac (22%) origin. There was no correlation of complications to birth weight but

interestingly they found a significant difference in the incidence of “overall postoperative

complications”and “cardiac complications” when stratifying for gestational age <32 weeks versus

>32 weeks.48 Gestational age and birth weight are usually considered covariates, and these findings

should as such be interpreted with caution. Also, it must be noted that the number of neonates with

a gestational age <32 weeks represented only 10% (N=14) of the entire study population.49 Despite

the use of data from a large European-wide prospective multicenter cohort, this sub-study had

several limitations such as a small sample size, missing data and confounding factors in a

heterogeneous study population. These and similar reported findings suggest that the international

EA research community needs to take additional steps to overcome limitations imposed by small

sample sizes and inconsistent outcome definitions. Something which is currently being done by a

research team from the UK. The OCELOT study group's initiative to develop an internationally

agreed comprehensive core outcome set for patients with EA is indeed commendable. By

addressing the limitations imposed by small sample sizes and inconsistent outcome definitions, this

research team from the UK is taking important steps to improve the quality and standardization of

EA research, which seems to be the root cause for lack of scientific evidence.

2.8 Conclusion:

This retrospective study of 137 patients undergoing primary surgical repair for esophageal atresia at

the MCH between 2005-2023 demonstrates that demographic characteristics of our study

population are consistent with international reported findings. Our findings suggest that gestational

age does not have a significant impact on respiratory complications during the first five years of
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life. Furthermore, the majority of gastrointestinal complications during this period are not

influenced by gestational age. However, we observed that the full-term population had a

significantly higher incidence in the use of anti-H2 blocker therapy and that the premature

population had a significantly increased incidence of force feeding stenosis. Interpretation of

reported outcomes should take into account lack of registered data, resulting in a small sample size

(44/137 patients, 15 premature and 29 full term, with complete data set for gastrointestinal and

respiratory complications). Given the limitations of our study (small sample size, missing data and

poor data quality) further studies are necessary to establish a comprehensive understanding of the

impact of gestational age on respiratory and gastrointestinal complications. Large international

established collaborations defining and reporting clinical and patient centered outcomes are needed

to improve quality in future research.

Page 32 of 75 06/20/2022



CHAPTER 3 - SUMMARY AND DISCUSSION

Esophageal atresia is a rare congenital anomaly characterized by the incomplete development of

the esophagus, presenting significant challenges for affected individuals, their families, healthcare

professionals, and researchers. This condition, with an estimated prevalence of 1 in 2,500 to 4,500

live births, involves the malformation of the esophageal tube, leading to a disconnection between

the upper and lower segments of the esophagus. Encompassing a spectrum of five anatomical

variants (A,B,C,D,E), this rare disease population presents unique challenges in terms of surgical

repair, perioperative management, short- and long term clinical care and research opportunities.

In our study, long-term gastrointestinal complications related to esophageal atresia were defined

based on several factors, including the use of anti-reflux medication, the requirement for force

feeding, abnormal histological and endoscopic findings, as well as the need for esophageal

dilations. It is important to note that these variables may be influenced by the presence of other

congenital gastrointestinal complications, such as malrotation, necrotizing enterocolitis, and

anastomotic leakage. However, due to the lack of available data, we were unable to evaluate the

impact of these additional complications in our study. Our study encompassed a diverse range of

potential endoscopic findings, including Barrett's esophagus, esophagitis, and stenosis. This was

crucial because relying solely on self-reported outcomes may not always align with the objective

findings observed during endoscopy. In individuals with esophageal atresia (EA), they may report

symptoms such as reflux or difficulties with swallowing, even though endoscopic examination may

not reveal significant abnormalities. Conversely, some individuals may not perceive symptoms, yet

endoscopic evaluation shows notable pathological changes. This disparity between self-reported

outcomes and endoscopic findings highlights the complex nature of EA and the various factors

contributing to symptoms and complications. It underscores the significance of considering both
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subjective and objective assessments to comprehensively evaluate the overall clinical status of

patients. Moreover, there is a need to develop and implement improved patient-reported outcome

tools to better capture the experiences and outcomes of individuals with EA

In the literature, gastroesophageal reflux disease (GERD), dysphagia and pathological endoscopic

findings rank amongst the most commonly reported gastrointestinal complications.10,37 These

symptoms, experienced by individuals with esophageal atresia, are thought to partially stem from

an underlying esophageal dysmotility, which is observed in all EA patients.25 The dysmotility is

believed to arise from impaired innervation of the proximal and distal segments of the esophagus,

both extrinsically and intrinsically.25 Furthermore, the dysmotility is thought to be exacerbated

following surgical repair which contributes to the impaired movement and coordination of the

esophageal muscles, leading to difficulties in swallowing and gastroesophageal reflux.25 GERD has

a substantial impact on patient reported outcomes and objective pathological findings such as

esophagitis and Barrett's esophagus (intestinal metaplasia), which can eventually result in the need

for anti-reflux surgery such as fundoplication (wrapping of the upper part of the stomach, known as

the fundus, around the lower esophagus, hence creating a valve-like structure that prevents acid

reflux).10 Understanding the underlying mechanisms of patient reported gastrointestinal symptoms

relating to complications such as esophagitis (inflammation caused by acidic reflux into the

esophagus), eosinophilic esophagitis (EoE; immune modulated inflammation of the esophagus)

esophageal dysmotility (intrinsic and extrinsic innervation of esophageal muscle layers), hiatal

hernia (protrusion of part of the stomach into the chest cavity through an opening in the diaphragm)

and esophageal diverticulum (pouch that forms in the esophageal wall) is crucial for developing

targeted interventions to alleviate symptoms and improve long-term outcomes. However, due to

small heterogeneous sample sizes, diagnostic difficulties (endoscopic procedures in the young
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pediatric population require scheduling, fasting and general anesthesia) and a vast amount of

potential confounding factors current knowledge is limited and often based on retrospective

cohorts, case reports and animal studies.

During the first five years of life, respiratory complications contribute significantly to the overall

incidence of complications in esophageal atresia patients.23 In contrast to the gastrointestinal

complications which rarely manifest prior to surgical intervention, the newborn EA patient can

demonstrate various degrees of compromised ventilation. Passage of gastric contents via a distal

TEF to the lungs, saliva spill over from the proximal esophageal pouch to the trachea or even an

attempt to breastfeed in the non-diagnosed infant are the most common preoperative reasons for

respiratory complications.23 Most often this will result in acute respiratory distress, desaturation and

hypoxemia due to pulmonary atelectasis or chemically induced pneumonia. A serious and

concerning condition which will postpone surgical intervention, require urgent intubation and need

for mechanical ventilation to assure a sufficient oxygenation. The most feared and profound

respiratory condition is acute respiratory distress syndrome (ARDS) which carries a significant

impact on morbidity and mortality.23,33 Patients often require long term admission to high

dependency units, continuous antibiotic treatment and long term intubation putting them at

increased risk of nosocomial super infections. The NECTARINE study, a prospective European

multicenter study including >5600 neonates and a subpopulation of 134 EA patients, demonstrated

a 30-day incidence of “overall postoperative complications” of 47% with respiratory complications

representing the majority (34%).49 However, when comparing the overall and respiratory

complications reported by NECTARINE to a recently published retrospective data analysis of

American EA patients, these vary greatly with an incidence of 47% vs 22% and 34% vs 14%

respectively. Our study did not provide specific data on respiratory outcomes within a 30-day
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timeframe, and therefore, a direct comparison of numbers cannot be made. However, a recent

publication reviewing long term respiratory complications related to EA emphasizes the importance

of long term respiratory outcomes.30 An initial high incidence of tracheomalacia up to 78% of

which 26% required surgery (aortopexy; fixation or suspension of the aorta to alleviate

tracheobronchial compression ) was reported.30 Lower respiratory tract infections (LRTI) and

asthmatic symptoms were equally more frequent in the adolescent and adult EA population

compared to controls.30,50 Again, our study did not report on LRTI and asthma symptoms related to

a control cohorte, but we did register a significant incidence of pneumonia, asthma symptoms and

use of medication used to treat reactive airways.

After surgical correction, EA patients will have a normal anatomy including a non-communicating

trachea and esophagus.30 However, this is not always enough to avoid additional respiratory and

pulmonary complications. Comorbidities related to EA equally include tracheomalacia and

laryngeal cleft.33 Tracheomalacia is characterized by a weakness or softening of the cartilage that

supports the walls of the trachea and will potentially lead to various respiratory symptoms and

complications, including wheezing, chronic cough, difficulty of breathing and recurrent respiratory

infections.30,33,45 Laryngeal cleft will, depending on the severity of the condition, contribute to

respiratory or pulmonary complications by means of aspiration.50 Our study revealed a low

incidence of diagnosed tracheomalacia and laryngeal cleft. However, we observed a substantial

occurrence of respiratory symptoms suggestive of these comorbidities suggesting a potential

diagnostic underreporting. When respiratory symptoms manifest, patients will in most cases be seen

by a healthcare professional. Pending the gravity of the situation, they will either be treated as

outpatients or admitted to hospital with a level of care based on the severity of the situation (e.g.,

emergency consult, hospital admission or intensive care unit admission). Our investigation revealed
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varying rates of postoperative respiratory complications among the analyzed patients, but with no

significant difference between preterm and full term study subjects. Respiratory aggravations were

most frequently reported. These patients demonstrated enhanced need of care. Incidence of urgent

care visits were the most common outcome while hospital and intensive care unit admission was

less frequently observed.

The consequences of esophageal atresia extend beyond the initial surgical repair, often requiring

long-term management and multidisciplinary care.

Published in 2023, a comprehensive systematic review titled "Variability in the Reporting of

Baseline Characteristics, Treatment, and Outcomes in Esophageal Atresia Publications"47 sought

to evaluate the extent of variability and reporting patterns in research pertaining to esophageal

atresia. A total of 209 publications were included in the review, encompassing more than 730

distinct patient and treatment characteristics and outcomes. The findings underscored a substantial

heterogeneity and variation in research interests and reporting practices across included

publications. Of 265 identified outcomes only 2% were mentioned in over 50% of the included

publications, indicating a limited focus on specific outcomes. Similarly, patient characteristics

(4%) and treatment and care process characteristics (<1%) exhibited sparse attention in terms of

being studied and reported in more than 50% of the publications. Moreover, the definitions and

assessments of these parameters displayed inconsistent approaches throughout the included

publications, posing challenges for meaningful comparison and benchmarking, even in the case of

more frequently studied parameters. Several notable observations emerged from the review.

Primarily, retrospective cohort studies constituted the majority of the analyzed studies,

underscoring the need for increased prospective investigations to establish optimal practices in EA

care. Furthermore, the majority of studies predominantly emphasized short-term outcomes
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associated with primary surgical repair and its complications, with comparatively limited attention

devoted to long-term outcomes. In addition, a low number of studies incorporated patient-reported

outcome measures (PROMs) to assess quality of life outcomes, with considerable variation

observed in the utilized instruments across the studies. The limitations of the study were focused

on limiting inclusion of papers to after 2015 and the exclusion of non-English literature, possibly

leading to an underestimation of outcomes due to potential geographic and local practice

influences. The authors concluded that standardized measurement and reporting is essential to

reduce reporting bias, enhance interpretability of results, and enable meaningful comparisons

across studies and healthcare settings. These statements are equally emphasized and addressed by

Paula R. Williamson et al. in their publication “The COMET Handbook: Version 1.0”.51 A

publication which provides a comprehensive step-by-step guide to the development and

implementation of core outcome sets (COS) in clinical research. The handbook addresses key

considerations in COS implementation, such as outcome measurement instruments, data collection

methods, and strategies for disseminating and promoting the use of COS in research. Also, it

emphasizes the importance of patient involvement throughout the process, ensuring that outcomes

of relevance to patients and their caregivers are included. Overall, the COMET Handbook provides

a comprehensive and practical resource for the development and implementation of core outcome

sets, facilitating collaboration and harmonization across research studies, and ultimately enhancing

the validity and usefulness of clinical research findings. In line with “The COMET Handbook:

Version 1.0” the OCELOT study,51,52conducted by TOFS (Tracheo-Oesophageal Fistula Support

group), a UK initiated research project focused on understanding and improving the outcomes of

individuals with EA and TEF, was initiated in 2020. The project is currently underway to define a

core outcome set for esophageal atresia in the context of research and clinical trials. This initiative

aims to establish a standardized set of outcomes and obtain valuable information about the
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long-term outcomes, experiences, and quality of life of individuals living with EA and TEF.

Outcomes and information that should be consistently measured and reported across different

studies and research efforts.

These initiatives and efforts have all been initiated based on a general lack of consensus on what

data to collect and which outcome variables to investigate in a rare disease population such as EA.

Unfortunately we still have no uniform international guidelines for collecting data and comparing

outcome variables in EA. However, this is not only a particular problem in EA. There is

unfortunately an overall lack of interest in research domains pertaining to rare diseases which can

be attributed to several factors. One of the main reasons is a limited awareness and knowledge

about these conditions among the general population, healthcare professionals and policymakers

which results in less attention, recognition and appreciation of the significance49. Furthermore,

healthcare professionals face various challenges and constraints in their daily practice, including

limited time and resources. The high clinical demands and workload placed on doctors, nurses and

caregivers can make it difficult for them to allocate sufficient attention and resources. As a result,

these rare conditions may not receive the same level of research as more common diseases.

Another contributing factor is research funding, which is often driven by public health impact and

disease prevalence. Rare diseases, by definition, have a low prevalence and may not be perceived

as a priority when it comes to allocating governmental research funds. Also, policymakers and

funding agencies tend to focus on diseases that affect a larger population and have a greater public

health impact. Addressing these challenges requires efforts to increase awareness and knowledge

about rare diseases, advocate for dedicated research funding, and foster collaboration among

stakeholders to promote understanding and improve care for individuals affected by rare diseases.
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Our study was based on a retrospective data analysis of 137 esophageal atresia patients surgically

and medically treated at the MCH from 2005 to 2023. The study, aiming to provide insight into the

postoperative respiratory and gastrointestinal complications during the first five years of life,

highlights the challenges encountered by conducting a retrospective study in a rare disease

population as previously discussed. The large timespan of 18 years, a small sample size of 137

study subjects, a substantial amount of missing data and a lack of definition of outcome variables

consistent with international literature were noted as the primary reasons for lack of robust

statistical outcomes, once again demonstrating the need for international consensus and

collaboration.53

The limitations of our study relates to sample size, missing data, confounding factors and data

quality. Data quality issues, such as interpretation of hand-written notes or factual errors in data

entry, could affect the accuracy and outcome of the statistical analysis. To mitigate this challenge,

we aimed to perform data cleaning and stepwise review of data of multiple team members to

ensure the accuracy and consistency of the data. The sample size of study subjects and concomitant

respiratory and gastrointestinal events is limited resulting in reduced power of the statistical

analysis hence limiting the generalizability of the findings. To mitigate this challenge, we

attempted to explore the possibility of combining our data with other studies. However, due to a

substantial variation in reporting outcomes and definitions this was not feasible. Addressing the

issue of missing data is of paramount importance in data analysis due to its potential impact on the

accuracy and reliability of the results. This becomes particularly critical when dealing with a small

study population such as in this current study. While sensitivity analysis and multiple imputation

methods are effective means of handling missing data, they may not always be feasible or

necessary in such cases when considering factors such as complexity and resource requirements.

Sensitivity analysis and multiple imputation methods can be computationally intensive and require
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advanced statistical expertise. In small studies with limited resources, conducting these analyses

may be impractical due to time, cost, or expertise constraints. Also, sensitivity analysis and

multiple imputation methods are based on assumptions about the nature and mechanism of missing

data, such as missing completely at random or missing at random. In small study populations,

these assumptions may be more likely to be violated, making the application of these methods less

reliable. We considered the use of complete case analysis and pairwise deletion. Both complete

case analysis and pairwise deletion provide straightforward methods for addressing missing data.

However, these approaches involve a trade-off, as they may result in reduced sample sizes and

introduce bias to the analysis if the missing data do not conform to the assumption of missing

completely at random. In the end we were not able to apply this method due to a low number of

study subjects. Confounding factors, such as the presence of other congenital anomalies, could

affect the relationship between gestational age and the outcomes of interest. To mitigate this

challenge, we aimed to adjust for potential confounding factors in the statistical analysis using

multiple logistic regression models. By including these factors, the regression analysis would

estimate the independent effect of the exposure on the outcome while adjusting for the potential

confounding effects of the included variables. Due to a low number of study subjects and

outcomes we were not able to perform logistic regression analysis.

To address these limitations and further advance the understanding of this rare condition, our study

team has initiated the establishment of a pan-Canadian esophageal atresia network. This

collaborative network brings together surgeons, anesthetists, intensive care physicians and other

relevant stakeholders from across Canada. By pooling resources, expertise and data, this network

aims to enhance sample sizes, improve data quality, and establish standardized definitions for

outcome variables, thereby fostering more robust statistical analyses and generating more reliable

research outcomes.These efforts are essential for advancing our understanding of EA, improving
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patient care, and ultimately enhancing outcomes for individuals affected by this condition. By

working together and harnessing the power of collective expertise and resources, we can overcome

the hurdles in EA research and make significant strides towards better diagnosis, treatment, and

long-term management of the condition.
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