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ABSTRACT 

Introduction: Esophageal Atresia (EA) with Tracheoesophageal fistula (TOF) is one of the commonest congenital anomalies 

encountered in the pediatric surgery with commonest postoperative complication as esophageal stricture (ES) and 

gastroesophageal reflux disease (GERD). The aim of this study was to identify factors associated with ES formation in EA 

with TOF during post operative period. 

Materials and Methods: This cross-sectional study was carried out in pediatrics surgery department. A total 30 neonates 

with EA with TOF who were diagnosed clinically and radiologically were included while pure atresia cases were excluded. 

The distance between upper and lower esophageal pouch was noted with ruler intraoperatively. Post operative soluble 

contrast dye study was done to detect leaks. If leak was not present then ratio of upper and lower esophageal pouch width 
(UPW: LPW) was measured. During follow up, ES and GERD were diagnosed clinically and radiologically. The data was 

analyzed using MS-Excel and SPSS software and p value < 0.5 was taken as significant. 

Results: The measurement of gap between upper & lower pouch was < 2cms and >2cms in 12(40%) and 18(60%) patients 

respectively. The ES was found in 9(30%), GERD in 1(3.3%) and both ES and GERD in 6(20%) patients. The ratio of UPW: 

LPW found to be more than 1.5, equal to 1.5 and less than 1.5 in 12,2 and 1 patient respectively with ES. Dilatation for ES 

was required in all those with UPW: LPW >1.5 which was statistically significant. The postoperative UPW:LPW ratio 

showed statistically significant correlation with the intraoperative gap between upper & lower pouch and anastomosis under 

tension. 

Conclusion: The ES had significant correlation with gap between upper & lower esophageal pouch more than 2 cm and 

anastomosis under tension. The ratio of UPW: LPW ≥1.5 needed dilatation for ES during follow up. 
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1. INTRODUCTION 

Esophageal Atresia (EA) with Tracheoesophageal fistula (TOF) is the commonest congenital anomalies encountered in 

pediatric surgery practice. It is characterized by fistulous connection between esophagus and trachea along with atretic 

esophagus. The major advances in neonatal and surgical care led to more than 95% survival for many neonates and (1) majority 

of today’s neonates will reach into adulthood (2,3). Also, the burden of mortality should not be on EA or TOF alone, but also 

on its associated findings such as chromosomal anomalies, cardiac anomalies with or without extremely low birth weight 

(ELBW) (4,5). 

A significant number of complications can occur despite excellent long-term survival and the commonest one is esophageal 
stricture (ES) defined as presence of symptoms such as dysphagia, recurrent respiratory problems and narrowing of 

esophagus on endoscopy or contrast esophagography. ES formation depends on various factors such as tension during 

anastomosis, number of layers in anastomosis, suture material, gap, gastro-esophageal reflux disease (GERD) and 

anastomotic leak. It has been found in various studies that in infants who have been operated for EA or TOF and who have 

history of previous anastomotic leakage, recurrent respiratory infections or feeding problems should be investigated for ES 
(2). Clinically significant stricture can be treated by dilatation either via antegrade or retrograde bougienage. Many strictures 

respond to one to three dilatations, but many strictures resistant to repeated dilations may require resection and re- 

anastomosis, esophageal replacement, or even anti-reflux procedure, if associated with GERD (6). 

At our institute, patients operated for EA or TOF were followed up with contrast esophagograms when indicated and 

esophageal dilatation was done accordingly. Considering the above factors responsible for stricture formation, this study was 
conducted with the aim to identify factors associated with ES formation in operated cases of EA with TOF during post 

operative period at our institute. 

 

2. MATERIALS AND METHODS 

This cross-sectional study was conducted in pediatrics surgery departments of the tertiary care hospitals from 31st January 

2018 to 1st January 2022 after approval from the Institutional Ethics Committee. A total of 30 neonates with EA with TOF 

who have been operated were included in our study after obtaining written informed consent from parents / guardians. 
Neonates with EA (without TOF) were excluded. All these neonates were followed up for the period of one year. 

The clinical diagnosis of EA with TOF was done by red rubber tube test by two consultants who examined the patient 

independently. The radiological investigations like X- ray chest with red rubber tube was done to confirm EA and presence 

or absence of gastric or bowel gas and was considered to exclude pure atresia (Figure1). The distance between upper and 

lower esophageal pouch was noted with ruler on operation table. The special consideration was given to cases who had 

undergone Lividiti’s myotomy or anastomosis under tension. Post operative soluble contrast dye study was done and 

presence or absence of leaks was noted, and if no leak, then discrepancy in diameter between upper and lower esophageal 

pouch was noted as a ratio between width of upper and lower pouch i.e. UPW: LPW (Figure 2). 

During follow up, proper history taking and examination was done and if needed, radiological investigation such as barium 

meal was done to see stricture and GERD. If symptomatic stricture was present, then need of esophageal dilatation was 

considered and size of dilator was noted which would just fit without bleeding. If evidence of GERD present, then number 

of patients responding to fundoplication was considered. The follow-up was done at 1 week, 1 month, 3 months, 6 months 
and at 1 year of age. 

In every follow-up, the points noted were a) Weight and height measurements b) Any history of vomiting after feeds, and if 

present, then time interval between feeds and vomiting was noted. C) In case of multiple episodes of vomiting, contrast study 

was done to note the ratio of width of upper pouch to that of lower pouch and to look for the evidence of GERD. d) If 

necessary, the doppler study was done to confirm the presence of GERD. All the findings were confirmed by at least one of 
the consultants who initially assessed the patient on presentation. 

The data was analyzed using MS-Excel and SPSS statistical software. Appropriate descriptive statistics were applied to data 

like frequency, mean with standard deviation and p value calculated by Chi-square test where p value < 0.5 was significant. 
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Figure 1: The diagnosis of esophageal atresia with trachea-esophageal fistula. 

 

 

 

Figure 2: A ratio between width of upper and lower esophageal pouch i.e. UPW: LPW (UPW: upper pouch width, 

LPW: Lower pouch width) 

 

3. RESULTS 

This study was conducted on 37 patients of EA with TOF, who were operated at our institute. Out of these, 5 patients died 

during the postoperative period due to associated cardiac anomalies & 2 patients were lost follow up. Hence, out of 37 

patients, 30 were included in the present study and followed up till 1 year of age. The postoperative outcome and 

complications were studied and observed. 

Out of 30 patients ,7(23%) and 23(77%) presented in first 24 hours and after 24 hours respectively while17(56.66%) were 

females and 13(33.34%) were males. Thirteen patients (43.33%) were diagnosed antenatally with common finding of 
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polyhydramnios and 7 of these presented within 24 hours after birth and 6 presented within 2 days after birth. Twenty five 

(83.33%) patients presented with frothing from mouth and 4 of them also had respiratory distress due to late presentation at 

age of 4 days. But all these patients had history of non-passage of orogastric tube beyond certain distance (range 8-10 cms) 

from upper lip. Findings in all these patients were consistent with blind ending proximal pouch and distal fistulous 

communication suggestive of ‘Type- C’ fistula. The distribution of patients according to various associated congenital 

anomalies were shown in Table 1. 

 

Table 1- Distribution of patients according to various associated congenital anomalies 

 

Eight (26.66%) patients were posted on the same day of presentation, 5(16.67%) patients were posted on the next day of 

presentation, and 17 (56.67%) patients were posted with gap of 1 day in between. The 8 patients who were posted on the 

same day of presentation and 5 patients, who were posted on the next day of presentation were antenatally diagnosed cases. 

The measurement of gap between upper & lower pouch was < 2cms in 12(40%) patients & >2cms in 18(60%) patients. 

Lividiti’s myotomy was done in total 3(10%) patients. All these 3 patients had gap length of more than 2.5cms. The 

anastomosis was done under tension in 18(60%) patients and without tension in 12(40%) patients. All these 18 with 
anastomosis under tension had gap length of more than or equal to 2cms and those without tension had gap length less than 

2cms. 

Postoperative leak occurred in 5(16.66%) patients. Feeding Jejunostomy was done in all these patients and leak stopped 

spontaneously with time but stricture developed in 4 of them as diagnosed on follow up. All patients showed a gap between 

upper and lower pouch of more than or equal to 2cms. In 2 out of 5 patients, Lividiti’s myotomy was done. Fourteen (46.66%) 

had symptoms on follow up after a period of 3-6 months. The distribution of patients according to types of symptoms on 

follow up was shown in Figure 3. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 3: Distribution of patients according to types of symptoms on follow up 

 

Sixteen patients (53.33%) were clinically evaluated and were advised dye study for the complications like ES and/or GERD. 

The ES was found in 9(30%), GERD in 1(3.3%) and both Stricture and GERD in 6(20%) patients. Out of 15 esophageal 

stricture patient dilatation was required in 13 patients only. The number of dilatations varied such as single dilatation was 

done in 7 (out of 13), 2 times in 5 patients and 3 times in 1 patient. 
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The novel parameter studied in our study based on ratio of UPW: LPW on dye study found to be more than 1.5 in 12, equal 

to 1.5 in 2 and less than 1.5 in 1 patient out of 15 esophageal stricture patients. Dilatation was required in all those with 

UPW: LPW >1.5 and in 1 (out of 2) with ratio equal to 1.5. Almost all patients (12/14) with UPW: LPW >1.5 presented 

with symptoms. There was statistically significant association between UPW: LPW ratio and dilatation. (p=0.004). The 

postoperative UPW: LPW was correlated with the intraoperative gap between upper & lower pouch. The Pearson’s 

correlation coefficient was 0.41 which showed a positive correlation. It means that as the gap increases, the postoperative 

UPW: LPW ratio will increase. Out of 15 cases of stricture, 6 had GERD on dye study of which 1 responded to medical 
management & dilatation. However, 5(83%) patients had persistent symptoms and needed fundoplication. In 1(17%) patient 

with stricture, although GERD was not documented on dye study, fundoplication was done on clinical suspicion. The patient 

had good outcome after the surgery. The occurrence of esophageal stricture as a postoperative complication in patients of 

EA with TOF was compared with all the clinical and surgical parameters studied to see for any statistical significance 

(Table :2) 

 

Sr. No. Parameters p-value Statistical significance 

(Yes/No) 

1. Age 0.19 No 

2. Gender 0.27 No 

3. Gap 0.025 Yes 

4. Anastomosis under tension 0.025 Yes 

5. Myotomy 0.55 No 

6. Postoperative leak 0.14 No 

Table2: Association of esophageal stricture with clinical and surgical parameters 

 

4. DISCUSSION 

EA with TOF is the commonest congenital surgical anomaly encountered in pediatric clinical and surgical practice. A 

significant number of complications can occur despite excellent long-term survival for infants with EA with TOF and 

commonest one are ES and GERD. In this study, 30 operated cases of EA with TOF were followed up post-operatively, 

keeping in mind proneness of these patients to various complications specially ES. 

In the current study, out of 30, 7 patients (23%) presented within 24 hours after birth and 23 patients (77%) presented after 

24 hours and it was found that those who presented after 24 hours of birth had complication like aspiration pneumonitis. The 

patients were referred to us mainly from rural areas & home deliveries, where there is lack of awareness and diagnostic 

facilities. So, this might be reason behind majority of delayed presentations in our study. Twenty-five patients presented with 
frothing from mouth while four of them also had respiratory distress due to late presentation at age of 4 days. Harmon C M 

et al (7) observed the usual clinical sign was excessive salivation followed by respiratory distress and inability of passage of 

orogastric or nasogastric tube. Findings in all the patients in present study were consistent with blind ending proximal pouch 

and distal fistulous communication suggestive of ‘Type- C’ fistula and these findings were confirmed on thoracotomy. On 

the other hand, in Losty P et al (8) found Type- C variety constitutes 85%. 

In the present study, intraoperative measurement of gap length was > 2cms in 30% & less than or equal to 2 in 70% patients. 

However, study done by Thakkar H et al (9), gap length was >2cms in 15% and less than or equal to 2cms in 85%. The circular 

myotomy was done in 3 patients with long gap (37.5%). Similarly, in a study by Amit Singh et al (10) for sharing their 

experience regarding Lividiti’s circular myotomy, found that myotomy was required in 35% of the cases with long gap. The 

anastomosis was done under tension in 18 out of 30 patients (60%) and without tension in 40% of patients. All these 18 with 
anastomosis under tension had gap length of more than or equal to 2cms and those without tension had gap length less than 

2cms. On the contrary, in a study done by Thakkar H et al (9), anastomosis under tension was found in those with 

gap >3cms.The postoperative anastomotic leak was found in 16% (5/30) which was almost equivalent to the leak rate of 

11.5% found in the study of Friedmacher et al (2), but in another study done by Charles Wynn Acher et al (11) for long term 

outcomes, 26% patients had leak. In search of association of gap between upper & lower pouch and anastomotic leak, all of 

those who developed leak in postoperative period, had gap length of more than or equal to 2 cms. Out of these, 80% (4/5 ) 

landed up with stricture. Similar result was found in another study done by Charles Wynn Acher et al (11) in which 74% of 

those with leak developed ES. However, in a study done by Thakkar H et al (9) for measurement of outcomes in relation to 

intraoperative gap length, leak occurred in only 5.5% of those with gap >2cms and stricture occurred in 50% of these. This 
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increased leak rate in our study may be due to small sample size in our study. Out of 3 patients with myotomy, 66% developed 

leak. In a study by Amit Singh et al (11), leak developed in 18% patients. The feeding jejunostomy (FJ) was done in all cases 

of anastomotic leak (5/5) and all these leaks (100%) closed spontaneously with stricture in 4 of them, whereas in a study 

done by Bawa M et al (12) for knowing the role of FJ in major anastomotic disruptions in EA, it was found that 60% of the 

patients were discharged successfully on FJ & there was healing of the anastomosis. This variation in outcome may be due 

small sample size in our study and larger sample in other. 

ES was found in 15 (50%) patients, GER in 7(23.3%), both ES and GERD in 6(20%). I Friedmacher F et al (2) observed ES 

in 71.9% of symptomatic children & in another study done by Allin B et al (13) for outcomes at one year post anastomosis, 

stricture rate was 39%. In current study, GERD was found in 7 out of 30 patients (23%) & 6 of these (86%) of these patients 

had associated anastomotic stricture. In the study done by Okata Y et al (14), incidence of postoperative GER ranged from 27- 

75% . In a study done by Friedmacher F et al (2), GERD along-with anastomotic stricture was found in 85.5% and 

fundoplication was required in 44%. 

In current study, esophageal dilatations were required in 13 of 15 patients who developed ES. Number of dilatations varied 

such as single dilatation was done in 7 (54%), 2 times in 5 patients (38%) and 3 times in 1 patient. Out of 7(with single 
dilatation), gap length was more than or equal to 2 cms in 6 of these patients (6/7). In 5 patients in which 2 times dilatation 

was done, gap length was <2cms in 2/5 and > /=2cms in 3/5. Mean number of dilatations done in our study were 

1.7(approx.2), whereas in a study done by Davidson J et al (15) or their experience in pediatric esophageal dilatations, mean 

number of dilatations done were 3. In an article by Liveque D et al (16) an average 1-15 dilatation may be required in each 

patient with ES. Fifty percent of stricture will improve within 6 months, but 30% will persist and will require repeat dilatation. 

It was also observed in present study that total of 17 out of 30 patients (57%) had decreased growth rate, out of which 15 had 

stricture esophagus and 2 had associated cardiac anomalies. 

In present study, Nissen’s fundoplication was done in total of 6 patients (20%), in which GERD was documented in 83% 

(5/6) of patients and 1 patient had recalcitrant stricture. In a study done by Friedmacher F et al (2), GERD along-with 

anastomotic stricture was found in 85.5% and fundoplication was required in 44% of these. In our study, GERD patients 
were refractory to medical management, so the rate of fundoplication was high. 

In our study, we studied the novel parameter based on ratio of UPW:LPW on dye study. The dilatation was needed in 86% 

(13/15) & mean number of dilatations done was 2. Also, out of 13 patients, 12 had UPW: LPW >1.5 and 1 had UPW: LPW 

equal to 1.5 and 2 patients who did not require dilatation, 1 of them had ratio <1.5. On contrary, in a study done by Leah 

Leibovitch L et al (17), stricture requiring dilatation was found in 47.8%. In another study done by Allin B et al (18), median 

number of dilatations required in the first year was 3. So, it can be derived that out of all symptomatic patients i.e. 14, stricture 

with UPW: LPW was > 1.5 in 86% i.e. 12/14 and all of them required dilatation. Although there is no description of parameter 

such as UPW: LPW in literature anywhere, but in a study done by Landisch RM et al (19) for utilization of stricture indices 

to predict dilatation, a parameter known as Upper pouch esophageal anastomotic stricture index (U-EASI) less than or equal 
to 0.39 on esophagogram is predictive of need of dilatation. The postoperative UPW: LPW was correlated with the 

intraoperative gap between upper & lower pouch. It means that as the gap increases, the postoperative UPW: LPW will 

increase. Stricture formation depends on various factors such as tension during anastomosis, number of layers in anastomosis, 

suture material, gap, GERD, and anastomotic leak. 

 

5. CONCLUSION 

The ES as a postoperative complication had significant correlation with gap between upper & lower pouch more than 2 cm 

and anastomosis under tension. The ratio of UPW: LPW on contrast study 1.5 needed dilatation for ES in follow up period 

and hence, holds promise for future. 
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