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1. INTRODUCTION
Esophageal atresia (EA), which is characterized by interrup-
tion of the esophagus, often occurs with or without tracheoe-
sophageal fistula (TEF) and is a rare congenital malformation 
of the gastrointestinal tract. The overall incidence of EA and 
TEF occurs approximately 1 in 2500 to 1 in 5000 live births.1–6 

The survival and life quality have improved in recent decades, 
owing to the advances in neonatal intensive critical care, anes-
thesia techniques, mechanical ventilation, nutritional support, 
antibiotic use, and surgical techniques.1,2,7–10 The classification 
is based on the atresia of the esophagus and the presence of 
associated fistula to the trachea. Until now, the only curative 
option is surgical correction. Differentiating these anatomical 
variants is essential to facilitate the correct medical and surgical 
management.

More than half of these patients have additional congenital 
or chromosome malformation with syndromic presentation.1,3,5,7 
Patients with EA and TEF usually become symptomatic during 
the first 24 hours of life, with excessive salivation, choking, res-
piratory distress, and the inability of feeding. Usually, the first 
sign is failure to pass insert a catheter into the newborn infant’s 
stomach. The diagnosis can be made by radiographic studies 
with water-soluble contrast, fiberoptic bronchoesophagoscopy 
(FB), or computed tomography.

*Address correspondence. Dr. Mei-Jy Jeng, Department of Pediatrics, Taipei 
Veterans General Hospital, 201, Section 2, Shi-Pai Road, Taipei 112, Taiwan, 
ROC. E-mail address: mjjeng@vghtpe.gov.tw (M.-J. Jeng).

Conflicts of Interest Statement: The authors declare that they have no conflicts of 
interest related to the subject matter or materials discussed in this article.

Journal of Chinese Medical Association. (2020) 83: 180-187.

Received October 28, 2019; accepted December 7, 2019

doi: 10.1097/JCMA.0000000000000246.
Copyright © 2020, the Chinese Medical Association. This is an open access 
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/)

Abstract
Background: Esophageal atresia (EA) and tracheoesophageal fistula (TEF) are serious congenital anomalies with high morbid-
ity and mortality. Diagnostic and therapeutic fiberoptic endoscopy has been used in children to evaluate and manage trachea-
esophageal anomalies. This study aimed to evaluate the prognostic factors and the role of fiberoptic bronchoesophagoscopy (FB) 
in managing children with EA and TEF.
Methods: From 2000 to 2017, hospitalized children with suspected EA and TEF were enrolled in the study. All associated medical 
records were retrospectively reviewed. Basic characteristics, diagnoses, age of surgical reconstruction, FB findings, associated 
anomalies, and survival durations were reviewed. Prognostic factors associated with the patients’ mortality were analyzed.
Results: A total of 33 children were enrolled, and 91% of them were type C. The median age at the time of hospitalization was 
26 days (range, birth to 9 years), including 20 (61%) low-birth-weight infants and 26 (79 %) referred patients. FB was performed 
in patients preoperatively (39%) and postoperatively (96.8%). Among them, 28 patients (85%) had associated anomalies, includ-
ing 17 (52%) cardiac and 23 (70%) airway anomalies. The median age of 31 patients who underwent surgical reconstruction 
was 3 (range, 0–39) days. Esophageal anastomotic stricture (21/31, 67.7%) was the most common postsurgical complication. 
Twenty-three patients (74.2%) received postoperative FB-guided interventions, including balloon dilatation, laser therapy, and stent 
implantation. Among the 9 mortality cases, the median age at death was 270 (range, 4–3246) days. Significant factor associated 
with mortality was delayed (> 48 h old) or no surgical reconstruction (p = 0.030).
Conclusion: Delayed (>48-hour old) or no surgical reconstruction was significantly related to mortality in children with congenital 
EA and TEF. Preoperative and postoperative FB evaluations helped to facilitate diagnoses and nonsurgical managements and 
resolve the patients’ tracheoesophageal problems.
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Once the diagnosis is confirmed, the patient will need preop-
erative evaluations for aerodigestive anomalies and other asso-
ciated congenital anomaly. The Waterston classification with 
regard to birth weight, pneumonia, and associated congenital 
anomalies was described initially in 1962.11 Then Spitz classifi-
cation, based on birth weight and the presence of major cardiac 
anomalies, was proposed in 1994 and was more widely used.3,4,12 
In 2018, Yamoto recommended the new classification, similar 
to the Spitz classification, using complex cardiac anomalies and 
birth weight.13 Anastomotic leaks, esophageal anastomotic stric-
ture (AS), gastroesophageal reflux (GER), and esophageal dys-
motility are well-known, common, postoperative complications 
that occur in patients with EA and TEF.3,4,14

For many years, FB has been applied in children with air-
way problems for diagnostic and therapeutic purposes. In our 
institution, FB has been commonly employed to diagnose EA 
and TEF, determine associated respiratory anomalies, and pro-
vide interventions before surgical correction.15–19 After surgery, 
FB would be used to evaluate and manage postoperative airway 
complications. Notwithstanding, using FB to assess EA and TEF 
and associated respiratory disorders is still not routinely applied 
in these patients preoperatively or postoperatively.14,20–23

The aim of the present study was to evaluate the prognostic 
factors and the role of preoperative and postoperative FB appli-
cations in managing children with EA and TEF.

2. METHODS

2.1 Patients
We retrospectively reviewed the medical records of hospitalized 
children who were diagnosed as EA and TEF between 2000 and 
2017 at the Taipei Veterans General Hospital, which is a tertiary 
center. The inclusion criteria for the study were admission age of 
<18 years. The information extracted from the patients’ charts 
included perioperative data (gender, gestational age, birth weight, 
diagnostic tool, and associated congenital anomalies), operative 
approach and findings, and postoperative data (morbidity, mor-
tality, complications, and need for further intervention).

This study was approved by the Institutional Review 
Board (IRB) of Taipei Veterans General Hospital (IRB No. 
2018-08-019AC).

2.2 Fiberoptic bronchoesophagoscopy procedures
FB examinations were performed by experienced pediatric pul-
monologists in our department.15–17,19 The noninvasive ventilation 
technique, using nasopharyngeal oxygen with intermittent nose 
closure and abdominal compression for maintaining airway, oxy-
genation, and ventilation, was applied throughout all of the FB 
procedures (Fig. 1).18 Intravenous midazolam (0.5–1.0 mg/kg) and 
ketamine (1.0–2.0 mg/kg) were administered as sedative and anal-
gesic agents, and a topical anesthetic (2% lidocaine, 0.2–0.5 ml/kg) 
was instilled into the upper airway via both nostrils as well as into 
the esophagus. These patients were heavily sedated with preserva-
tion of spontaneous breathing. When patients required balloon 
dilatation for esophageal anastomotic stricture, an angioplasty 
balloon catheter was orally inserted into the esophagus, followed 
by insertion of the FB behind the balloon segment (Fig. 2A). The 
appropriate balloon size was selected according to the location and 
the dimension of the stenotic portion. Laser therapy was performed 
for esophageal AS in a similar way. The laser fiber was inserted 
nasally via the inner channel of the endoscope into the lesion sites, 
and then fired to ablate the stenotic portion. An FB-guided stent 
implantation with uncovered balloon expandable metal stent was 
performed for symptomatic tracheomalacia, bronchostenosis, or 
refractory esophageal AS (Fig. 2B). All these FB findings and inter-
ventional procedures were recorded and analyzed.

2.3 Definition of cardiac anomalies and postoperative 
complications
Congenital heart disease was determined as a clinically identi-
fied cardiac defect other than patent ductus arteriosus and pat-
ent foramen ovale. Furthermore, complex cardiac anomalies were 
defined as cyanotic heart disease, such as right ventricular outflow 
tract stenosis, malformations leading to pulmonary artery and 
pulmonary vein stenosis, arterial vascular flow-dependent dis-
eases, heart failure, and other complicated cardiac malformations, 
which required early operation with a cardiopulmonary bypass 
during early infancy. Tracheomalacia was defined as at least a 
50% reduction of tracheal lumen with spontaneous quiet breath-
ing before or after surgical correction. Anastomotic leaks were 
confirmed by clinical appearance after surgery. The presence of 
recurrent TEF was verified by postoperative FB with methyl blue 
stain. Esophageal AS was defined as narrowing at the level of the 
esophageal anastomosis with significant functional impairment 
and symptoms of which active treatment was indicated. GER was 
defined as reflux of gastric contents causing symptoms such as 
recurrent regurgitation with or without vomiting accompanied 
with poor weight gain, irritability, heartburn, or coughing.

2.4 Statistical evaluation
Statistical analysis was performed using the software SPSS (ver-
sion 24, IBM corporation, Armonk, NY). The data are expressed 
as mean ± SD values and median with range or percentage where 
appropriate. The chi-squared or Fisher’s exact tests were used to 
assess the differences between the categorical variables. The sur-
vival rate comparisons were analyzed using the Kaplan–Meier 
method, and significance was calculated using the log-rank test. 
The discrimination of different prognostic classification was 
compared by the area under the receiver operating characteristic 
(ROC) curve (AUC). Two-tailed p values of <0.05 were consid-
ered to be statistically significant for all the analyzes.

3. RESULTS

3.1 Characteristics of patients
During the 17-year study period, a total of 33 children with EA 
and TEF were enrolled in the analysis. One-third (n = 11) of 
them were admitted from 2000 to 2007, and the remaining two-
thirds (n = 22) of the patients were admitted from 2008 to 2017. 
Seven (21.2%) infants were inborn patients. The remaining 26 
(78.8%) infants were transferred from another hospital, and 17 
of them received surgery before their transfer. The median age at 
the time of admission age was 26 days, and 21 (63.6%) infants 
were admitted at age <90 days.

The characteristics and clinical data are summarized in 
Table 1. There were slightly more females than males. Most of 
the infants were born with low birth weight (n = 20, 60.6%). 
The mean birth weight was 2404 ± 596 g (range, 770–3670 g). 
Regarding gross classification, the most common type was type 
C (n = 30, 90.9%). A total of 31 infants received surgical recon-
struction, and the mean age of reconstruction was 5 ± 7 days 
(Table 1). Most of the infants required staged repair (58.1%) 
(Table 1).

3.2 Associated anomalies and preoperative FB 
examinations
Of the enrolled patients, associated anomalies were found in 28 
(84.8%) patients (Table 2). In our study, airway and lung anoma-
lies were the most frequent and occurred in 23 (69.7%) patients. 
Cardiac anomalies were detected in 17 (51.5%) patients, includ-
ing seven patients with complex cardiac anomalies. Other asso-
ciated anomalies included anorectal, genitourinary, extremities, 
vertebral, and chromosomal anomalies. A total of 10 patients 
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(30.3%) fit the diagnostic criteria of VACTERL association of 
congenital anomaly (Table 2).

Among all 33 patients, there was one patient who did not 
receive any FB examination throughout their hospitalizations. 
Before surgery, 13 patients received FB examinations, including 
three patients with FB-guided endotracheal intubations and one 
patients with a nasal–tracheal–fistula–gastric catheter insertion 
for gastric juice drainage and gastric decompression to prevent 
aspiration before surgery (Fig. 1B).

3.3 Postsurgical complications and managements
After surgery (n = 31), most of the patients (n = 30, 96.8%) 
received FB examinations, and 23 patients required FB-guided 
interventions (Table 3).

Among the postsurgical patients, esophageal AS was the 
most common complication (n = 21, 67.7%), which was 

quickly diagnosed via FB examinations. Eighteen (58.1%) 
patients required FB-guided intervention to relieve the sever-
ity of esophageal AS; and three patients of them received sur-
gery again because of both esophageal AS and recurrent TEF. 
Balloon dilatation was the most common procedure (n = 17). 
Additionally, seven patients received laser therapy, and two 
patients received stent implantations. Nine of them required 
more than one type of intervention to alleviate esophageal 
stenotic severity (Table 3).

The second common complication was GER (n = 21, 
67.7%), and seven patients required fundoplication (Table 3). 
Anastomotic leak and recurrent TEF were also found in several 
patients.

Additionally, eight patients were coincidentally found to have 
tracheomalacia (n = 7) and bronchostenosis (n = 3) after FB 
examinations and required stent implantation (Table 3).

Fig. 1.  Preoperative fiberoptic bronchoesophagoscopy (FB) in a patient with esophageal atresia and tracheoesophageal fistula combined with tracheomalacia. 
Before inflation (A), tracheomalacia (A-1) above the fistula (A-2) is presented. During inflation (B), rotation of catheter at esophageal pouch is presented (B-1). A 
nasal–tracheal–fistula–gastric tube through the fistula (B-2, arrowhead) is inserted for gastric decompression (B-3, arrowhead). Arrow indicates the left and right 
bronchus (B-3).

Fig. 2.  Fiberoptic bronchoesophagoscopy-guided balloon dilatation (arrowhead) for esophageal anastomotic stricture (A) and tracheal stent implantation (arrow) 
for severe tracheomalacia (B).
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3.4 Mortality and associated factor analysis
Nine patients died during the study period. Two of them did 
not receive surgery due to their parents’ refusal. Other mortality 

cases included recurrent TEF in three patients, complex cardiac 
anomaly in two patients, intractable respiratory failure even 
after airway stent implantation in one patient, and lung hypo-
plasia with sudden death at the age of 10 years in one patient. 
The mortality rates were 36.4% in patients admitted from 2000 
to 2007 and 22.7% in patients admitted from 2008 to 2017 
(Table 1).

According to the ROC analysis, the cutoff value of the age of 
reconstruction that affected the mortality was the age of 2 days 
(AUC, 0.869; p < 0.001).

The results of potential factors that might be associated with 
patients’ mortality are analyzed and presented in Table  4. As 
shown, a significantly higher mortality was found in patients 
who received reconstruction at age > 2 days or no surgery (odds 
ratio: 26.24, 95% CI: 1.37–502.65; p = 0.030).

3.5 Survival and prognostic classification
The overall survival rate of the enrolled patients was 72.7%, and 
the postsurgical survival rate was 77.4%. There was a tendency 
toward improved survival rates during the years from 2008 to 
2017 compared with that of the period from 2000 to 2007, 
although there was no statistical significance between these two 
periods (Fig. 3A). The survival curve revealed a significant dif-
ference between patients who received surgical reconstruction 
early (≤ 2 days) and delayed (> 2 days) or no surgery (p = 0.017) 
(Fig. 3B).

As a result of the ROC curve, the Yamoto new classification 
was better than the Spitz classification for predicting prognosis 

Table 1

Characteristics of 33 children with EA and TEF

Characteristics Data

Gender, n (male/female) 15/18
Birth weight (mean ± SD) 2404 ± 596 g (range:770~3670 g)
  Birth weight ≤ 2500g, n (%) 20 (60.6)
  Birth weight ≤ 1500g, n (%) 2 (6.1)
Gestational age at birth, median (range) (weeks) 37 (27~41)
Born in our hospital, n (%) 7 (21.2)a

Transferred from other hospital, n (%) 26 (78.8)
  Before surgery, n 9
  After surgery, n 17
Age at admission, median (range) (days old) 26 (born ~ 3606)
Gross classification  
  Type A, n (%) 2 (6.1)
  Type C, n (%) 30 (90.9)
  Unclassifiable, n (%) 1 (0.03)
Age of surgical reconstruction, median(range) (days) 3 (0–39)
Surgical reconstruction, n/n (%) 31/33 (93.9)
  Performed at other/our hospital, n 17/14
  Primary open anastomosis, n/n (%) 13/31 (41.9)
  Staged repair, n/n (%) 18/31 (58.1)
Year of admission  
  2000–2007, n (%) 11 (33.3)
    Mortality, n (%) 4 (36.4)a

  2008–2017, n (%) 22 (66.7)
    Mortality, n (%) 5 (22.7)
Age at death, median (range) (days old) 270 (4–3246)
Overall survival rate, n/n (%) 24/33 (72.7)
  Survival rate after reconstruction, n/n (%) 24/31 (77.4)

aTwo mortality cases did not receive surgical reconstruction due to parents’ refusal.
EA = esophageal atresia; TEF = tracheoesophageal fistula.

Table 2

Associated anomalies among 33 children with EA and TEF

Anomalies n (%)

Any anomaly 28 (84.8)
Airway and lung 23 (69.7)
  Tracheomlacia 21
  Bronchostenosis 6
  Lung hypoplasia 2
  Laryngeal cleft 2
Cardiac 17 (51.5)
  Ventricular septal defect 7
  Tetralogy of the Fallot 5
  Double outlet right ventricle 2
  Total anomalous pulmonary venous return 1
  Pulmonary stenosis 5
  Coarctation of the aorta 1
  Patent ductus arteriosus 2
  Pulmonary hypertension 1
Anorectal 6 (18.2)
Genitourinary 5 (15.2)
Extremities 3 (9.1)
Vertebral 2 (6.1)
Chromosomal 2 (6.1)
VACTERL association 10 (30.3)

EA = esophageal atresia; TEF = tracheoesophageal fistula; VACTERL = vertebral defects, anal atre-
sia, cardiac defects, tracheo-esophageal fistula, renal anomalies, and limb abnormalities.

Table 3

Complications and therapeutic managements after surgery, and 
the use of FB in enrolled children with EA and TEF

n %

Never received FB among all 33 enrolled cases 1 3.0
Received surgical reconstruction 31 93.9
Complications among 31 post-surgical cases   
  Esophageal AS 21b 67.7
  Gastroesophageal reflux 21 67.7
    Requiring fundoplication 7  
  Anastomotic leak 10 32.2
  Recurrent TEF 8 25.8
FB applicationsa   
  Preoperative FB among all 33 enrolled cases 13 39.4
    Diagnosis only 9 69.2
    Diagnosis plus intervention 4 30.8
      FB-guided ET intubation 3  
      FB-guided NTFG tube intubation 1  
  Postoperative FB among 31 post-surgical cases 30 96.8
    Examination without intervention 7 23.3
    Examination with therapeutic interventions 23 76.7
      For esophageal AS (FB-guided) 18c 60.0
        Balloon dilatation only 8  
        Balloon dilatation + laser therapy 7  
        Balloon dilatation + stent implantation 1  
        Balloon dilatation + laser therapy + stent implantation 1  
        Laser therapy only 1  
      For airways (FB-guided) 8 26.7
        Stent implantation for tracheomlacia 5  
        Stent implantation for bronchostenosis 1  
        Stent implantation for tracheomalcia plus bronchostenosis 2  

aEleven cases received both preoperative and postoperative FB examinations.
bThree cases received surgery again due to associated other postoperative complications.
cThree cases also had stent implantations for tracheomalacia or bronchostenosis.
AS = anastomotic stricture; EA = esophageal atresia; ET = endotracheal tube; FB = fiberoptic bron-
choesophagoscopy; NTFG = nasal-tracheal-fistula-gastric; TEF = tracheoesophageal fistula.
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according to AUC, but the results were not significant (AUC, 
0.722 vs 0.694; p = 0.663).

4. DISCUSSION
Our results indicated that delayed age of reconstruction or 
no surgery was significantly associated with mortality in chil-
dren with EA and TEF. The overall survival rate in our patients 
was 72.7%. FB helped to facilitate diagnosis and nonsurgical 
interventions.

According to the recent literature, the survival rate of 
patients with EA and TEF varied from approximately 70% to 
95%.1,7,8,10,12,24,25 The survival rate of our postoperative patients 
was 77.4%. Indeed, approximately four-fifths of enrolled 
patients were referred from another hospital, and more than 
half of these patients had received surgical intervention before 
being admitted to our hospital. We had performed FB-guided 
interventions to relieve the patients’ airway narrowing or mala-
cia,15–19 so more than half of the referred patients who were 
admitted to our hospital due to failure from previous manage-
ments in their original hospitals required additional airway 
management. The disease severity of our enrolled patients was 
much higher than expected. Previously, Yang et al.26 reported 
15 patients with EA and TEF admitted from 1994 to 2003 to 
our hospital and who had a survival rate of 46.7%, and they 
demonstrated that the mortality was affected by associated 
life-threatening anomalies. In this report, we monitored these 
patients for a longer duration. Although we noted a tendency 
of higher proportion of complex cardiac anomaly in mortality 
cases, no significance could be demonstrated. Improvements in 
the management of complex cardiac and airway anomalies dur-
ing the last decade may influence patient outcome and factors 
associated with mortality.

Several studies have surveyed the prognostic factors in EA and 
TEF, and the predictive factors have altered on the basis of the 
different period and institution.11–13,24,25 There are also several 
classification systems that predict mortality in view of preop-
erative factors. In 1962, Waterston proposed mortality associ-
ated with birth weight, additional congenital anomalies, and 
pneumonia.11 Decades later, Spitz reevaluated the prognostic 
classification based on low birth weight and cardiac anomalies 
in 1994.12 According to the Spitz classification, a new classifica-
tion was published by Yamoto et al.13 in 2018. According to 
the above date and other literature reports,24,25 the preoperative 
factors that affected mortality were body weight and associated 

congenital abnormalities. Furthermore, Masuya reported that 
associated cardiac and chromosomal anomalies affected the 
outcome of EA.14

Furthermore, we demonstrated that the timing of surgical 
reconstruction contributed to a patient’s mortality. In the mor-
tality cases, none of the patients had surgical reconstruction at 
age <48 hours. More than half of the survivors received surgical 
reconstruction within 48 hours of life (Table 4). The causes of 
delayed surgical correction might be due to a patient’s illness or 
a surgeon’s unavailability, so aerodigestive complications could 

Table 4

Odds ratio analysis for potential factors related to mortality in 33 children with EA and TEF

Variable Died (n = 9)a Survived (n = 24) OR 95% CI p

Birth weight ≤ 1500g 1 (11.1) 1 (4.2) 2.88 0.16–51.54 0.473
Non-type C classification 1 (11.1) 1 (4.2) 2.88 0.16–51.54 0.473
Born at other hospital 6 (66.7) 22 (91.7) 0.18 0.02–1.35 0.096
Preoperative FB 6 (66.7) 7 (29.2) 4.86 0.94–25.09 0.059
Airway anomaly 5 (55.6) 18 (75.0) 0.42 0.08–2.08 0.286
Cardiac anomaly 7 (77.8) 10 (41.7) 4.90 0.84–28.73 0.078
  Complex cardiac anomaly 4 (44.4) 3 (12.5) 5.60 0.94–33.43 0.059
Delayed (>48 h) or no reconstruction 9 (100) 10 (41.7) 26.24 1.37–502.65 0.030
Postoperative complicationa      
  Esophageal ASa 3 (42.9) 18 (75.0) 0.25 0.04–1.45 0.123
  Gastroesophageal refluxa 5 (71.4) 16 (66.7) 1.25 0.2–7.92 0.813
  Recurrent TEFa 3 (42.9) 5 (20.8) 2.85 0.47–17.11 0.252
  Anastomotic leaka 4 (57.1) 6 (25.0) 4.00 0.69–23.23 0.123

Data are presented as n (%).
aTwo patients who did not receive surgical correction were excluded, and both of them died. The total postoperative mortality case number was 7.
CI = confidence interval; EA = esophageal atresia; FB = fiberoptic bronchoscopy; OR = odds ratio; TEF = tracheoesophageal fistula.

Fig. 3.  Survival curve comparisons of enrolled patients (p > 0.05) admitted 
between 2000 and 2007 and 2008 and 2018 (A) and between surgical 
reconstruction at age ≤ 2 days and >2 days or no reconstruction (B).



www.ejcma.org � 185

Original Article. (2020) 83:2� J Chin Med Assoc

develop before the final surgical reconstruction. Our findings 
may provide clinical physicians with new information in plan-
ning therapeutic protocols for patients with congenital EA and 
TEF not to exceed 48 hours of life.

Our analysis demonstrated that >4/5 (84.8%) of enrolled 
patients with EA and TEF had associated anomalies. There is 
a large difference in the associated anomalies in percentage—
varying widely from 46.6% to 81.9%—among the differ-
ent literature reports or institutions.1,27,28 It may likely be due 
to methodological differences, clinical definitions, inclusion/
exclusion criteria, objective techniques, sample size, absence 
of autopsy, different diagnostic techniques, and missing data 
after transfer.27 In addition, our results showed that the airway 
and pulmonary anomalies were higher than cardiac anomalies, 
which was different from the findings in other reports. Previous 
retrospective reports indicated that the incidence of respiratory 
problems in EA and TEF ranged from 24% to 79%.29 The most 
possible reason is that we performed FB more in our patients 
compared with other studies so that we were able to demon-
strate a higher proportion of airway anomalies that might not 
be easily identified clinically.

Using FB to manage patients with EA and TEF was increas-
ing in the last decade.5,9,19,22,30–32 We summarize publications on 
these cases with the use of preoperative and postoperative FB 
in Table 5. Among these reports, Atzori et al.20 had reviewed 
their experience in 62 patients and concluded that FB enabled 
a better definition of anatomy and facilitated surgical repair. 
Deanovic et al.34 reported their experience using FB-assisted 
repair for TEF and demonstrated how using FB facilitated the 
surgical outcome. In 2014, Tröbs and Finke23 summarized their 
experience in 26 patients and suggested the routine use of rigid 
tracheobronchoscopy to identify the definite anatomy of TEF 
at the time of surgery. Sharma and Srinivas36 also proved that 
laryngotracheobronchoscopy performed before reconstruction 
could be useful in the diagnosis and documentation of asso-
ciated airway anomalies. Thus, tracheobronchoscopy before 
surgical repair of EA and TEF could characterize the anat-
omy, the number and site of fistula, and the length of the gap 
between proximal and distal esophagus and could assess asso-
ciated anomalies such as tracheomalacia.10,38–40 In addition, a 

catheter placement or other tube cannulation via bronchos-
copy was reported for continuous drainage out of gastric juice 
and gastric decompression to prevent aspiration pneumonia 
and gastrostomy.41,42 In our patients, using FB did enable us 
to perform preoperative airway and esophagogastric evalua-
tion as well as postoperative identification of AS. Additionally, 
we performed FB-guided insertion of an endotracheal tube or 
a nasal–tracheal–fistula–gastric tube for gastric drainage and 
decompression that prevented gastrostomy before complete 
surgical reconstruction. These patients tolerated the FB pro-
cedures well. Therefore, we think that FB is a safe technique 
when performed by professional and experienced physicians. 
We recommend that this procedure be performed before sur-
gical reconstruction in cases of EA and TEF in order to ade-
quately identify the aerodigestive anomalies and the potential 
of an interventional procedure to facilitate the preoperative 
stabilization of the patients.

After surgical intervention, AS, GER, and esophageal dys-
motility are well-known common complications. Respiratory 
problems, such as residual tracheomalacia and bronchial ste-
nosis, may also be attributed to GER, esophageal dysmotility, 
and the prolonged use of mechanical ventilation.29 Previously, 
contrast esophagography was used to evaluate postoperative 
conditions.25,31 Among the patients with AS, FB was performed 
for diagnosis and treatment and provided more reliable infor-
mation than an esophagram.43,44 Early routine screening was 
suggested; however, the timing of dilatation was controversial. 
Salö et al.44 indicated that 39% of patients required esophageal 
dilatation after surgery, and they also concluded that the need 
for dilatation within 6 months postoperatively predicted the 
need for dilatation after 1 year. With regard to respiratory prob-
lems in the postoperative period, Thakkar et al.22 reported that 
FB prior to reconstruction was not a reliable screening tool for 
symptomatic tracheomalacia. Therefore, repeating endoscopy in 
patients with symptoms was suggested after surgery. Although 
some published reports had shown that esophageal AS forma-
tion was commonly associated with recurrent lung infection,45,46 
our study did not find significant influence of postoperative 
AS on the mortality rate of our enrolled patients. The possible 
explanation may be due to our aggressive and early FB-guided 

Table 5

Publications mentioned with the use of FB or bronchoscopy in children with EA and TEF

Author/year Case no. Study type Survival (%)

Applications

Preoperative Postoperative

Benjamin, 198133 152 NM NM + +
Yang et al., 200626 15 Retrospective 46.7 + +
Atzori et al., 200620 62 Retrospective NM + NM
Deanovic et al., 200734 47 Prospective NM + NM
Lal et al., 201335 170 Questionnaire NM + (60%) -
Sfeir et al., 201330 307 Prospective 95 + (22%) -
Tröbs et al., 201423 26 Retrospective NM + NM
Zani et al., 201431 178 Questionnaire NM + (43%) -
Sharma and Srinivas, 201436 88 Retrospective NM + NM
Donoso et al., 201610 129 Retrospective 94.6 + +a

Lal et al., 201732 396 Retrospective 92.7 + (66%) -
Rinkel et al., 20179 12 NM NM + (100%) NM
Friedmacher et al., 201737 109 Longitudinal cohort study 84.4 + +
Porcaro et al., 201729 105 Retrospective NM NM +
Thakkar et al., 201822 26 Prospective NM + (88%) +
Leibovitch et al., 20185 69 Retrospective 81.2 NM +
Chou et al., 2020 33 Retrospective 72.7 + (39.4) +

aBalloon dilatations were reported for ASs in 68 cases.
AS = anastomotic stricture; EA = esophageal atresia; FB = fiberoptic bronchoesophagoscopy; NM = not mentioned; TEF = tracheoesophageal fistula.
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diagnosis and intervention to relief these patients’ symptoms. 
Undoubtedly, postoperative complications and respiratory 
problems affected the quality of life and the children’s growth. 
Thus, FB in the postoperative stage has an effective role in diag-
nosis and therapeutic managements.

There were several limitations in our study. The first limitation 
is that this is a single-center study and that most of the enrolled 
patients were referred from other hospitals due to the patients’ 
difficult clinical situations. Therefore, the disease severity might 
be higher than expected, and there were wide variations in their 
management histories. Second, this is a retrospective study, and 
the results are based on chart records, which may have some 
potential results bias. Third, a long duration of study allowed us 
to compare the survival rates of different years but may have led 
to technologies and equipment of different time backgrounds 
that may attribute to bias.

In conclusion, delayed (> 48 hours old) or no surgical recon-
struction significantly related to mortality in children with 
congenital EA and TEF. Preoperative and postoperative FB 
evaluations plus therapeutic interventions might have helped 
the diagnoses and nonsurgical managements to relieve patients’ 
tracheoesophageal problems.
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