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Abstract

Background: Esophageal atresia and tracheoesophageal fistula (EA|/TEF) is a known correctable anomaly of the esophagus, and its
prognosis depends on multiple factors. Studies investigating the EA|TEF post-operative outcomes among the Iranian population are
limited to small sample sizes, and the current prevalence of coexisting anomalies and predictors of poor prognosis in the Iranian
population is still unclear.

Objectives: This study aimed to investigate the predictors of in-hospital mortality in neonates with EA/TEF at our center within a
12-year period.

Methods: In this retrospective cohort study, we investigated neonates with EA/TEF admitted/referred to a tertiary referral center
in Tehran, Iran, from March 2008 to April 2020. Neonates with chromosomal anomalies or age > 10 days at operation date were
excluded. Baseline characteristics, associated anomalies, type of EA, and transmission distance were compared in the study popu-
lation. We followed the neonates for incurring in-hospital mortality.

Results: We included 233 neonates in the final analysis. The mean age at operation was 3.1 + 1.7 days, and 111 (47.6%) cases were
female. The most common EA type was type C (proximal esophageal atresia with distal fistula), with a prevalence of 94.4%. In this
cohort, 23 (9.9%) cases had vertebral anomalies, anal atresia, cardiovascular malformations, trachea-esophageal fistula, renal and
limb anomalies (VACTERL) association, and 29 (12.4%) cases died during the in-hospital course. Moreover, neonates with lower birth
weight, gestational birth weight < 37 weeks, other coexisting anomalies, cardiovascular defects,and non-VACTERL anomalies were at
higher risk of in-hospital mortality. In contrast, EA types and transmission distance did not increase the mortality risk. Furthermore,
we measured a cut-off value of < 2575.0 g for birth weight to predict in-hospital mortality with 65.5% sensitivity and 61.3% specificity.
Conclusions: Lower birth weight, prematurity (< 37 weeks), and coexisting anomalies, especially cardiovascular defects, were as-
sociated with an increased risk of in-hospital mortality in neonates after EA/TEF repair surgery.
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[

. Background ported in 1936 (3). It has been discovered that EA[TEF sub-
types, prenatal diagnosis, pre-/post-surgical intensive care,
and concomitant congenital anomalies have an important
impact on prognosis in such patients (4-7). It is found that
neonates with EA/TEF are 50% more likely to have coexist-
ing anomalies, whereas vertebral anomalies, anal atresia,
cardiovascular malformations, trachea-esophageal fistula,
renal and limb anomalies (VACTERL) are the most preva-
lent association (8, 9).

Congenital esophageal atresia and tracheoesophageal
fistula (EA/TEF) is one of the most frequent developmental
anomalies of the esophagus, which occursin 2.9 per10,000
live births in different geographical areas of the world (1, 2).
Itis a life-threatening issue, and the prognosis depends on
several preventable and unpreventable factors (2). In 1697,
T.Gibson documented the first case of EAwith distal fistula,
and the first attempt to correct esophageal atresia was re- There are few studies investigating the prognosis of
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neonates with EA/TEA among the Iranian population; how-
ever, they are limited to small sample sizes and previous
treatment strategies (10-). These studies reported a varying
range of associated anomalies (13.3% to 37.8%) and mortal-
ity rate (4.7 to 29.7%) in neonates with EA/TEF (10-14). Nev-
ertheless, the current prevalence of coexisting anomalies
and predictors of poor outcomes after EA/TEF surgery in
the Iranian population is still unclear.

2. Objectives

In this observational study, we aim to evaluate pre-
dictors of in-hospital mortality in neonates with EA|TEF
within a 12-year period from a tertiary referral center in
Tehran, Iran.

3. Methods

3.1. Ethical Considerations

The study protocol corresponded with the 2013
Helsinki declaration and was approved by the
ethics committee of the Shahid Beheshti Univer-
sity of Medical Sciences, Tehran, Iran (ethical code:
IR.SBMU.RICH.REC.1398.039).  Signed informed consent
was obtained from parents before enrollment in the study.

3.2. Study Population and Design

In this retrospective cohort study, we investigated
neonates with EA/TEF admitted/referred to the Mofid Chil-
dren’s hospital in Tehran, Iran, from March 2008 to April
2020. The inclusion criteria were neonates aged less than
10 days at operation date, confirmed diagnosis of any type
of EA/TEF, and no prior history of EA[TEF surgery. Neonates
with chromosomal anomalies and those lacking key in-
formation in their medical records were excluded from
the study. Mofid Children’s hospital is a tertiary teaching
hospital affiliated with the Shahid Beheshti University of
Medical Sciences. It is a referral center for patients from
other hospitals in Tehran and other provinces. Most pa-
tients were transported by ground using a coded ambu-
lance based on standard protocols.

All infants were evaluated for different types of
esophageal atresia and other associated anomalies. The
VACTERL association was defined as the presence of at least
three anomalies, including vertebral defects, anorectal
malformations, cardiovascular defects, EA|TEF, renal or
radial anomalies, and limb defects (15, 16). The demo-
graphics and clinical data of infants were extracted from
patients’ electronic medical records by trained staff. We

compared neonates based on baseline characteristics,
including age, sex, birth weight, gestational age, kind of
delivery, hospital length of stay, and in-hospital mortality.
We also considered the distance between each patient’s
residential location and our center by categorizing trans-
mission distance into three groups: (A) transmission <
100 km, (B) transmission between 100 - 249 km, and (C)
transmission > 250 km.

3.3. Statistical Analysis

We presented categorical variables as numbers (per-
centage) and compared them using the chi-square or
Fisher’s exact test. The distribution of numerical variables
was evaluated by using the Kolmogorov-Smirnov tests.
Eventually, numerical variables with normal distribution
were reported as mean * standard deviation and com-
pared using the independent samples T-test; otherwise,
they were reported as median [interquartile range] and
compared using the Mann-Whitney U-test. The receiver op-
erating characteristic (ROC) curve of birth weight for pre-
dicting in-hospital mortality was depicted, and the area
under the curve (AUC) was calculated. To determine the op-
timal cut-off value, the point on the ROC curve with maxi-
mum Youden index [sensitivity - (1-specificity)] was identi-
fied (17). All statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) version 23,
and P-value < 0.05 was considered statistically significant.

4. Results

In this study, we excluded 12 infants with unknown
types of atresia and three neonates with trisomy 18 and 21,
ultimately, 233 neonates with EA/TEF were enrolled in the
final analysis. Overall mean age at operation was 3.1 + 1.7
days, and 111 (47.6%) cases were female. The mean gesta-
tional age was 37.5 + 2.34 weeks, and 24.3% had a gesta-
tional age < 37 weeks. The mode of delivery was C-section
in 65.7% of cases with a mean birth weight of 2653.4 + 584.8
g, while 94 (40.3%) neonates had a birth weight < 2500 g.
The prevalence of the VACTERL association was 9.9% (n =
23). Regarding EA|TEF types, 94.4% were type C (proximal
atresia with distal fistula), 3.9% were type A (atresia but no
fistula), 1.3% were type B (proximal fistula and distal atre-
sia), and 0.4% were type D (proximal and distal fistula). We
did not have any patients with type E atresia. The median
hospital length of stay was 16.0 [interquartile range (IQR):
12.0 - 22.0] days, and in-hospital mortality occurred in 29
(12.4%) neonates. Details of baseline and clinical character-
istics are shown in (Table 1).
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Table 1. Baseline and Clinical Characteristics of Deceased and Survived Neonates with EA|/TEF *

Characteristics* Total (N =233) Deceased (N=29) Survived (N=204) P-Value
Birth weight (g) 2750.0 [2270.0 -3100.0] 2470.0 [1775.0 - 2800.0] 2800.0 [2300.0 - 3115.0) 0.009
Birth weight < 2500 (g) 94(403) 18 (62.1) 76 (37.3) 0.011
Sex 0.471
Female 111(47.6) 12 (41.4) 99 (48.5)
Male 122(52.4) 17(58.6) 105 (51.5)
Gestational age (week) 38.0[37.0-39.0] 37.5[34.75-39.0] 38.0[37.0-39.0] 0.061
Gestational age < 37 (week) 51(24.3) 12(46.2) 39(21.2) 0.005
Kind of delivery 0393
NVD 80(34.3) 12 (41.4) 68(33.3)
C-section 153 (65.7) 17(58.6) 136 (66.7)
Transmission distance (km) 148.0[0-320.0] 52.0[0-279.0] 148.0 [0-332.25] 0.246
Transmission distance (km) 0308
<100 109 (48.4) 16 (55.2) 93 (47.5)
100 -249 59(26.2) 9(31.0) 50 (25.5)
> 250 57(25.3) 4(13.8) 53(27.0)
Type of esophageal atresia 0.530
Type A 9(3.9) 2(6.9) 7(3.4)
Type B 3(13) 1(3.4) 2(1.0)
Type C 220 (94.4) 26(89.7) 194 (95.1)
Type D 1(0.4) 0 1(0.5)
Type E (0] (0] (o]
Associated congenital anomalies
Any anomaly 108 (46.4) 19 (65.5) 89(43.6) 0.027
VACTERL association 23(9.9) 3(10.3) 20(9.8) 0.927
Vertebral defects 14 (6.0) 0 14(6.9) 0.146
Anorectal malformations 24(10.3) 4(13.8) 20(9.8) 0.508
Cardiovascular defects 59(25.3) 13 (44.8) 46 (22.5) 0.010
Renal or radial anomalies 11(4.7) 1(3.4) 10 (4.9) 0.730
Limb defects 12(5.2) 2(6.9) 10 (4.9) 0.649
Non-VACTERL anomalies 85(36.5) 16 (55.2) 69 (33.8) 0.025
Clinical variables
Age at operation (day) 3.0[2.0-4.0] 2.0[2.0-4.0] 3.0[2.0-4.0] 0.425
Hospital length of stay (day) 16.0 [12.0 - 22.0] 16.0 [4.0 -31.0] 16.0 [12.0 - 21.0] 0.795

Abbreviations: C-section, Cesarean section; EA[TEA, esophageal atresia/tracheoesophageal fistula; NVD, normal vaginal delivery.
? Data are presented as No. (%) or median [interquartile range]. Statistically significant P-values are bolded.

4.1. Predictors of In-hospital Mortality

We observed that lower birth weight and gestational
age < 37 weeks were associated with a higher risk of in-
hospital mortality in neonates with EA/TEF (Table 2). Fur-
thermore, the presence of any congenital anomaly, cardio-
vascular defects, and non-VACTERL anomalies were associ-
ated with an increased risk of in-hospital mortality. Results
showed that the prevalence of VACTERL association was
similar among neonates who deceased compared to those
who survived (10.3% vs. 9.8%, P-value: 0.927). Age at oper-
ation, sex, kind of delivery, type of EA, and other anoma-
lies did not increase the risk of mortality in neonates with
EA|TEE.
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We investigated the optimum birth weight cut-off
point for predicting in-hospital mortality (Figure 1). In the
ROC curve analysis, the cut-off value of the birth weight was
< 2575.0 g, with 65.5% sensitivity and 61.3% specificity (AUC:
0.651,95% CI: 0.536-0.765, P-value: 0.009) for predicting in-
hospital mortality in neonates with EA|TEF.

4.2. Associated Congenital Anomalies

Among all neonates, 108 (46.4%) had at least one con-
genital anomaly. The most prevalent VACTERL anomalies
were cardiovascular defects (25.3%), anorectal malforma-
tions (10.3%), vertebral defects (9.9%), limb defects (5.2%),
and renal/radial anomalies (4.7%). Besides, the prevalence
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Table 2. Baseline and Clinical Characteristics of Neonates with EA/TEF Based on Associated Congenital Anomalies *

Characteristics Anomaly (N=108) No Anomaly (N =125) P-Value
Birth weight (g) 2800.0 [2200.0-3095.0] 2700.0 [2325.0 -3140.0] 0.922
Birth weight < 2500 (g) 41(38.0) 52(42.4) 0.491
Sex 0.519
Female 49 (45.4) 62(49.6)
Male 59 (54.6) 63(50.4)
Gestational age (week) 38.0[36.75-39.0] 38.0[37.0-39.0] 0.968
Gestational age < 37 (week) 24(24.5) 27(24.1) 0.949
Kind of delivery 0.765
NVD 36(333) 44(35.2)
C-section 72(66.7) 81(64.8)
Transmission distance (km) 148.0 [0-334.0] 148.0 [0-279.0] 0.556
Transmission distance (km) 0.415
<100 52(49.1) 57(47.9)
100 -249 31(29.2) 28(23.5)
> 250 23(21.7) 34(28.6)
Type of esophageal atresia 0.461
Type A 6(5.6) 3(2.4)
Type B 1(0.9) 2(1.6)
Type C 101(93.5) 119 (95.2)
Type D 0 1(0.8)
Type E 0 0
Clinical variables
Age at operation (day) 3.0[2.0-4.0] 3.0[2.0-4.0] 0.493
Hospital length of stay (day) 14.0 [11.0-19.0] 18.0 [13.0-26.0] 0.001
In-hospital mortality 19 (17.6) 10 (8.0) 0.027

Abbreviations: C-section, Cesarean section; EA|TEA, esophageal atresia/tracheoesophageal fistula; NVD, normal vaginal delivery.
? Data are presented as No. (%), or median [interquartile range]. Statistically significant P-values are bolded.

of non-VACTERL anomalies was 85 (36.5%) in the cohort
population. Baseline characteristics, including age, sex,
gestational age, kind of delivery, birth weight, and types
of EA were similar in neonates with and without anomaly
(Table 2). Concomitant anomaly significantly increased
the risk of in-hospital mortality. In subgroup analysis, the
most prevalent cardiovascular defects were atrial septal
defect (ASD) with 61%, ventricular septal defect (VSD) with
21%, and a combination of both ASD and VSD with 1% (Fig-
ure 2).

4.3. Transmission Distance

We determined the distance between each patient’s
residential location and our center. The median transmis-
sion distance was 148.0 [IQR: 0 - 320.0] km. Most patients

were transmitted < 100 km (48.4%), while 26.2% were trans-
mitted100-249 km and 25.3% transmitted > 250 km to our
center from other country regions (Table 1). There was no
association between transmission distance and in-hospital
mortality (P-value: 0.308). Moreover, we observed no asso-
ciation between other coexisting anomalies and transmis-
sion distance among neonates with EA[TEF (P-value: 0.415,
Table 2).

5. Discussion

In this cohort study, we evaluated 233 neonates with
EA|TEF admitted/referred to our tertiary referral center
within a 12-year period. We observed that neonates with
lower birth weight, gestational age < 37 weeks, coexisted
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Figure 1. Receiver operating characteristic (ROC) curves for birth weight and in-hospital mortality. AUC, area under the curve; CI, confidence interval.

anomaly, cardiovascular defects, and non-VACTERL anoma-
lies are at higher risk of in-hospital mortality. Further-
more, EA types and transmission distance did not affect
mortality risk in neonates with EA|TEE.

The EA is a known correctable anomaly of the esopha-
gus, which can be accompanied by TEF. It can cause polyhy-
dramnios during the prenatal period, and routine fetal ul-
trasound scans after 20 weeks’ gestation can detect EA/TEF
(9). But most patients are diagnosed after birth since pre-
natal ultrasound scan has only a 26% sensitivity to diag-
nose EA[TEF (18). The clinical presentation includes exces-
sive salivation, coughing, and choking following oral feed-
ing, cyanosis, or even respiratory distress; once EA[TEF is
suspected, confirmatory radiography tests are warranted
(19). In this study, type C (94.4%) was the most common

Iran ] Pediatr. 2022;32(6):€129266.

type of EA/TEF followed by type A, type B, and type D, respec-
tively, which is in line with previous findings (9, 12, 13). Type
E fistula accounts for 4 - 5% of all congenital esophageal
anomalies and may not be immediately diagnosed after
birth (20). We included only neonates aged less than 10
days at the operation date, which may explain why we had
no cases of type E fistula in our study.

Term infants undergoing EA/TEF repair surgery have a
better prognosis than preterm infants with very low birth
weight (21). Furthermore, concomitant anomalies play a
significant role in dictating neonatal prognosis when com-
pared with weight alone (9, 22). In 1994, Spitz proposed a
prognostic classification to predict neonatal survival after
EA|TEF surgery and categorized patients into three groups
based on birth weight and major cardiovascular anomalies
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Figure 2. A pie chart presents the prevalence of different cardiovascular defects in the study. ASD, atrial septal defect; TA, truncus arteriosus; TGA, transposition of the great

arteries; TOF, tetralogy of Fallot; VSD, ventricular septal defect.

(23). Spitz predicted that infants with birth weight < 1500
g and major cardiovascular anomaly have the lowest sur-
vival rate (50%) (23). In this study, we found that cardiovas-
cular defects significantly increased the risk of in-hospital
mortality. Also, the optimal cut-off value of birth weight for
predicting in-hospital mortality was 2575 g, which is 1070
g higher than the cut-off point suggested by Spitz. There
can be several explanations for this difference. Over the
last decades, improved prenatal care has reduced preterm
delivery and low birth weight (24). In addition, develop-
ments in neonatal surgical techniques, equipment, and
better post-operative care lead to a higher survival rate (25).
Moreover, different study populations and ethnicities may
have a great influence on the study results and associated
congenital anomalies (26). Such explanations can eluci-
date the difference in cut-off values, and previous predict-
ing risk scores can be expected to change in the future.

Previous studies in the Iranian population have re-
ported different mortality rates in neonates with EA/TEF
varying from 4.7 to 29.7%. In a study by Osia et al. on 37
neonates who underwent EA[TEF surgery, the mean gesta-
tional age was 37.2 + 1.7 weeks, the mean birth weight was
2601+ 504 g, 37.8% had associated anomaly, and 29.7% de-
ceased following the surgery (10). On the other hand, the
mortality rate in our study was 12.4%, which is less than half
compared to their findings (10). We found slightly higher

mean gestational age (mean difference: 0.3 weeks), birth
weight (mean difference: 52 g), and concomitant anomaly
(46.4% vs.37.8%). These differences underline that there are
other attributable risk factors for post-operative progno-
sisin neonates undergoing EA/TEA surgery. Another recent
study among 95 neonates with EA/TEA in Tehran identi-
fied low birth weight, major cardiac anomaly, and the need
for prolonged mechanical ventilation as predictors of poor
outcomes (13). The researchers observed a 15.75% mortality
rate in their study population, which may be explained by
both lower gestational age and birth weight compared to
our results. We believe that more experienced staff, better
post-operative care, and different ethnicities may explain
significantly different mortality rates among the studies.
Further multicentral studies with larger sample sizes in
different ethnicities are warranted to provide more details
on other prognostic risk factors.

This study evaluated 233 neonates with EA/TEF within
a 12-year period. Despite several strengths of this study,
including a large sample size from a tertiary referral cen-
ter with experienced staff, we might mention several lim-
itations. First, our research was an observational study
with potential inherent biases. Second, it is a single-center
study on the Iranian population, which may have influ-
enced our baseline characteristics. Third, we lacked in-
formation regarding surgical techniques, post-operative

Iran | Pediatr. 2022; 32(6):€129266.
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complications, and cause of death. Fourth, due to the lack
of follow-up, we could not assess predictors of long-term
outcomes.

5.1. Conclusions

We found that lower birth weight, prematurity (< 37
weeks), and coexisting anomalies, especially cardiovascu-
lar defects, are associated with an increased risk of in-
hospital mortality in neonates after EA/TEF repair surgery.
Multicentral studies with longer follow-ups among dif-
ferent ethnicities are needed to further investigate the
risk factors associated with post-operative outcomes in
neonates undergoing EA|TEF repair surgery.
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