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Esophageal atresia – associated anomalies and 
predictive factors of mortality
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ABSTRACT 
Introduction. Esophageal atresia (EA), typically occurring with tracheoesophageal fistula (TEF), is one of the most 
common digestive malformations; 50% of the esophageal atresia cases associate other malformations, syndromes 
or association of congenital abnormalities. EA is also met in patients with Edwards syndrome, Down syndrome, Di 
George syndrome and Pierre Robin syndrome. Delayed diagnosis of EA associated anomalies leads to increased 
morbidity and mortality, especially in patients with two or more associated abnormalities. 
Our study aims to highlight EA associated anomalies and to evaluate their impact on mortality. 
Materials and methods. We conducted a retrospective study of all newborns admitted in the Neonatal Intensive 
Care Unit of “Grigore Alexandrescu” Emergency Clinical Hospital for Children, with the diagnosis of esophageal 
atresia/ tracheoesophageal fistula (TEF), between January 2013 and December 2018; we evaluated demographic 
information, clinical manifestation, the ultrasound and radiological results. Our study aimed to highlight AE associated 
anomalies and to evaluate their impact on mortality. 
Results. 56 newborns with esophageal atresia/ tracheoesophageal fistula diagnosis were identified. 31 of them were 
boys, and 22 patients had gestational age (GA) between 32 and 36 weeks. Five newborns came from twin pregnan-
cies. EA/ TEF associated anomalies were identified in 35 patients; the most frequent of those were cardiac anomalies 
(identified in 25 patients). The association of 3 anomalies from VACTERL spectrum (vertebral, anorectal, cardiac, EA/
TEF, renal and urinary, and limb lesions) was seen in 11 newborns. The estimated risk of death was lightly increased 
in females and in patients from urban area; the patients with limb anomalies had an estimated risk of death 5 times 
higher (p = 0.043). 
Conclusions. EA is a complex pathology both by the malformations and genetic syndromes that can be associated 
with it, and by the complications that occur in evolution. Antenatal diagnosis of EA and of the associated anomalies, 
along with multidisciplinary care, represent important measures in order to avoid underdiagnosis of associated prob-
lems.
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INTRODUCTION

Esophageal atresia, typically occurring with tra-
cheoesophageal fistula, has a global incidence of 1 in 
2,400 to 4,500 births and is one of the most common 
digestive malformations (1,2); EA is 2-3 times more 
frequent in twins (3). 

Thomas Gibson documented the first case of EA in 
1697 (3), and the first successful surgical intervention 
on EA was made by Cameron Haight in 1941 (1,4).

The concern regarding morbidity and the quality 
of life of the patients with EA is increasing due to the 

progresses of the surgical techniques, the treatments 
given in the neonatal intensive care units, along with 
perfecting the nutrition techniques; all of this led to 
mortality decrease (1,5). The newborns without se-
vere congenital anomalies have a survival rate of 
90%. A higher mortality rate is noticed in premature 
newborns, with low birth weight, that develop sepsis 
or respiratory complications or in those with delayed 
diagnosis of EA/TEF (6).

In 50% of cases, EA associates other malforma-
tions – cardiac, gastrointestinal, renal and urinary, 
musculoskeletal or CNS anomalies – or association of 
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congenital anomalies, such as VACTERL (vertebral, 
anorectal, cardiac, EA/TEF, renal and urinary, and 
limb lesions) or CHARGE (coloboma, cardiac de-
fects, choanal atresia, growth failure, limb anomalies) 
(3,7,8). EA is also met in patients with Edwards syn-
drome, Down syndrome, Di George syndrome and 
Pierre Robin syndrome (2,8). Delayed diagnosis of 
EA associated anomalies leads to increased morbidity 
and mortality (9), especially in patients with two or 
more associated abnormalities (10). 

Our study aims to highlight EA associated anoma-
lies and to evaluate their impact on mortality. 

MATERIALS AND METHODS

We conducted a retrospective study of all new-
borns admitted in the Neonatal Intensive Care Unit of 
“Grigore Alexandrescu” Emergency Clinical Hospital 
for Children, with the diagnosis of esophageal atresia 
/ tracheoesophageal fistula (TEF), between January 
2013 and December 2018. Patients with incomplete 
data were excluded. From the hospital’s informatic 
system and archive we collected information such as 
demographic information, clinical manifestation, ul-
trasound and radiological results, treatment protocols, 
complications that occurred during the hospitaliza-
tion. Data were analyzed with Microsoft® Excel (ver. 
16.15) and IBM® SPSS® Statistics (ver. 18). Associ-
ated anomalies were diagnosed by clinical examina-
tion, ultrasound and radiological tests.

RESULTS

General characteristics 
56 newborns with esophageal atresia/ tracheo-

esophageal fistula diagnosis were included in the 
study. 6 patients were excluded due to incomplete 
data. In table 1 we present the epidemiological data of 
the subjects. 

Table 1. Characteristics of the study group

Parameter n %
Gender 

male
female 

31
25

55.4
44.6

Environment

urban
rural

33
23

58.9
41.1

Gestational age

< 28 weeks
28-31 weeks
32-36 weeks 
> 36  weeks

1
3

22
24

2.0
6.0

44.0
48.0

Birth weight

AGA
SGA

49
7

87.5
12.5

Type of pregnancy 

twin
singleton

5
51

8.92
91.08

Deceased

yes
no

13
43

23.2
76.8

31 of them were boys and 33 were from urban 
area. More than 50% were premature: 22 had GA be-
tween 32 and 36 weeks and one had GA lower than 28 
weeks. Only 7 newborns were small for gestational 
age (SGA). Five patients came from twin pregnan-
cies. Just one patient had only EA, without TEF or 
other anomalies, and 35 had EA+TEF and other as-
sociated abnormalities. Three newborns had EA with-
out TEF, 51 had distal TEF and 2 had both proximal 
and distal TEF.

The association of 3 anomalies from VACTERL 
spectrum was identified in 11 newborns (19.6%), two 
of them came from twin pregnancies (table 2). 

Table 2. VACTERL association in EA patients

VACTERL association – TEF with: Another associated 
anomalies

Anal imperforation with recto-vaginal 
fistula + ASD + 
Persistent left SVC + left radial aplasia

coloboma

Thoracal hemivertebra + dextrocardia + 
lower right limb malformation

Anal imperforation with recto-vaginal 
fistula + septal interatrial aneurysm + 
right kidney hydronephrosis
PDA + Persistent left SVC + left kidney 
hydronephrosis

Persistent left SVC + dilated heart 
cavities + left kidney hydronephrosis

Anal imperforation with recto-vaginal 
fistula + bilateral radial aplasia

Duodenal stenosis by 
incomplete  diaphragm 

Anal imperforation with recto-vaginal 
fistula + left kidney hydronephrosis + 
right kidney multichystic dysplasia + right 
radial aplasia + left hand abnormalities
Persistent left SVC + left kidney 
hydronephrosis

Left L2 hemivertebra + ASD Common mesentery 
Anal imperforation with recto-vaginal 
fistula + VSD

Anal imperforation with recto-vaginal 
fistula + ASD+ VSD

The other associated abnormalities are presented 
in table 3; cardiac anomalies were the most common 
(identified in 25 patients).
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Table 3. Other EA associated anomalies

n %

coloboma 1 1.8

trisomy 18 1 1.8

duodenal atresia 1 1.8

dextrocardia 2 3.6

Tetralogy of Fallot 1 1.8
other cardiac abnormalities
o ASD 5 
o VSD 4
o VSD+ ASD 1
o PDA 1
o ASD+ PDA 1
o SIA aneurysm 1 
o SIA aneurysm+ ASD 2
o persistent left SVC 2 
o persistent left SVC + VSD 1 
o persistent left SVC + ASD 2 
o persistent left SVC + PDA 1
o persistent left SVC + dilated heart cavities 1 

22 39.3

single umbilical artery 2 3.6
single umbilical artery and palatochisis 1 1.8
duodenal stenosis by incomplete diaphragm 1 1.8
common mesentery 1 1.8
cerebral and cerebellar atrophy 1 1.8
congenital tracheomalacia 3 5.4
right kidney agenesis 3 5.4
left kidney agenesis 2 3.6

Prognostic factors
Almost a quarter of patients died during the first 

hospitalization. The estimated risk of death was light-
ly increased in females (RR = 1.29; IC95%: 0.70-
2.38; p = 0.450) and in patients from urban area 
(RR=1.12; IC95%: 0.42-2.98; p = 0.827). The death 
ocurred more frequent at GA between 32 and 36 
weeks (69.2% vs 35.1%), with a relative risk twice 
higher (RR = 2.29; IC95%: 1.28-4.09; 0.012). The pa-
tients with limb anomalies had an estimated risk of 
death 5 times higher (RR=4.96; IC95%: 0.96-26.6; p 
= 0.043) (table 4). Newborns with vertebral defects 
had an average number of hospitalization days sig-
nificantly higher (30.75 vs. 13.50 days; p = 0.05).

Tabel 4. Predictive factors of mortality in EA patients

Parameters
Death

(n = 13)
Survival 
(n = 43) OR p RR IC95%

n % n %
Female 7 53.8 18 41.9 1.62 0.450 1.29 0.70-2.38
Urban area 8 61.5 25 58.1 1.15 0.827 1.12 0.42-2.98
GA 32-36 
weeks

9 69.2 13 35.1 5.19 0.012 2.29 1.28-4.09

AGA 11 84.6 38 88.4 0.72 0.725 0.79 0.22-.2.83
Distal TEF 12 92.3 39 90.7 1.23 0.859 1.02 0.85-1.22
Vertebral 
defects

1 7.7 1 2.3 3.50 0.365 3.31 0.22-49.3

Parameters
Death

(n = 13)
Survival 
(n = 43) OR p RR IC95%

n % n %
Cardiac 
anomalies

3 23.1 22 51.2 0.29 0.067 0.45 0.16-1.27

Anal 
anomalies

1 7.7 5 11.6 0.68 0.740 0.71 0.09-5.53

Renal 
anomalies

3 23.1 7 16.3 1.54 0.578 1.42 0.42-4.71

Limb 
anomalies

3 23.1 2 4.7 6.15 0.043 4.96 0.96-26.6

DISCUSSION

Identification of patients with EA/TEF associated 
anomalies is highly important for establishing the ap-
propriate therapeutic behavior for these children, as 
well as for prenatal and postnatal counseling of par-
ents. 

VACTERL association in EA patients was corre-
lated in the literature with a higher mortality. The re-
ports regarding VATERL association and other con-
genital abnormalities in EA patients are based on 
single institutional experiences, using differing crite-
ria, making comparisons difficult (11). 

In the study we presented, EA had a higher inci-
dence in male newborns and in premature ones; this 
results are consistent with the literature reports. In a 
study made by Li WX et al. (6), which aimed to estab-
lish a scoring system for predicting mortality in EA 
patients, prematurity was a predictive factor for mor-
tality (p < 0.003); there was no correlation between 
gender and mortality. 

Both the preponderance of EA associated anoma-
lies (35 out of 56 patients) and the preponderance of 
cardiac anomalies (25 out of 56 patients) are in con-
cordance with the data described in the literature; 
however, our study did not show correlations between 
cardiac anomalies and mortality. This result is ex-
plained by the predominance, in our study group, of 
cardiac anomalies without an important hemodynam-
ic impact. 

VACTERL association was lower compared to the 
data described in other studies – 19.6% vs 33.4%, 
value reported by Lautz et al. in a study conducted on 
2,689 EA patients (11). Reported in the same study, 
spinal/vertebral anomalies were much lower – 0.03% 
(2 patients with hemivertebra in our study) vs. 24.4% 
– the percentage of all spinal anomalies – and 5.2% of
those with hemivertebra.

Anomalies from VACTERL spectrum were associ-
ated with an increased death risk – patients with limb 
abnormalities had an estimated risk of death 5 times 
higher (RR = 4.96; IC95%: 0.96-26.6; p = 0.043) – 
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and with a prolonged hospitalization: newborns with 
vertebral defects had an average number of hospital-
ization days significantly higher (30.75 vs. 13.50 
days; p = 0.05). 6 out of 11 patients with VACTERL 
association were born before 37 weeks of gestation. 
The death rate among patients with VACTERL asso-
ciation was slightly higher compared to those without 
this association (27% vs. 22%); this information also 
corresponds to those in the literature. 

The research presented has the advantage to pre-
sent the results from a tertiary center of pediatric sur-
gery, with extensive experience regarding the new-
born surgical pathology; also, the results regarding 
associated abnormalities correspond to those in the 
literature.

One of the limitations of the study is represented 
by its retrospective character, by processing the data 
from the informatic system and from the hospital ar-
chieve; the small number of patients included in the 

study probably limited the number of associated mal-
formations. 

CONCLUSION

Esophageal atresia is a complex pathology both by 
the malformations and genetic syndromes that can be 
associated with it, and by complications that occur in 
evolution. Antenatal diagnosis of EA and associated 
abnormalities, along with the care of EA patients by 
multidisciplinary teams, are essential measures to 
avoid underdiagnosis of associated problems, to re-
duce morbidity and adverse effects of complications, 
and to improve the patient’s quality of life. The inclu-
sion of EA/TEF patients in national evidence pro-
grams and the development of protocols aiming the 
clinical and paraclinical follow-up of these patients 
represent absolutely necessary measures. 
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