
ABSTRACT 
INTRODUCTION: Esophageal atresia (EA) is a rare congenital malformation, with mainly postnatal diagnosis, al-
though prenatal suspicion has improved. Until surgery, these newborns need monitoring in Neonatal Intensive 
Care Unit (NICU). Despite mortality reduction, morbidity remains a concern. The aim of this study was to charac-
terize the prenatal, delivery and postnatal data of EA newborns at a level three reference center.

METHODS: An anonymized retrospective study was performed from eighteen newborns diagnosed with EA, born 
between January 2007 – December 2021, who were admitted to the NICU of a level three center. Data was 
collected using neonate´s medical records, compiled with Microsoft Excel and analyzed by IBM SPSS statistics.

RESULTS: There was no sex prevalence and no preponderance in advanced mother’s age. Prenatal suspicion con-
sisted on ultrasound (polyhydramnios/stomach non-visualization), where EA type A had higher reports. Higher 
incidence of EA was found in premature newborns. An association between lower gestational age and the pre-
sence of polyhydramnios was found. Other congenital anomalies associated were common, mostly cardiac. The 
prevalence of EA type C and short-gap was found. Gastroesophageal reflux and esophageal stenosis were fre-
quent comorbidities.

CONCLUSION: Improvement in prenatal and postnatal surveillance/evaluation could reduce morbimortality and 
improve management of these neonates. As mortality reduced, further research is needed to target morbidity 
and quality of life.
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INTRODUCTION
Congenital malformations affect around 3% of ne-
wborns, with male sex prevalence.1 Gastrointestinal 
(GI) malformations are the third most common, with an 
incidence of 15%, being esophageal atresia (EA), ano-
rectal malformation (ARM) and Hirschsprung’s disease 
the most prevalent.2 

EA is a rare congenital malformation, with incidence of 
1/3000-4500 live births worldwide, in which the eso-
phagus fails to develop, ending blindly as a pouch in 
the thorax, with or without tracheoesophageal fistula 
(TEF), leading to an interruption in esophageal conti-
nuity.3,4 

This pathology etiology is not completely understood; 
however, it is believed that it is multifactorial, with 
strong evidence of a genetic factor, probably polyge-
nic. It is reported that the progeny of former EA pa-
tients has an increased risk.5 Additionally, 6%-10% of 
EA newborns have an association with chromosomal 
abnormalities, such as trisomy 13, 18 (the most rela-
ted to EA) and 21 and some deletions (13q-, 17q- and 
22q11-).5,6 Moreover, three genomic regions, on chro-
mosome 10q21, 16q24 and 17q12, were identified as 
being possibly correlated to EA development.5 

Furthermore, it is demonstrated that 50%-70% of the 
EA patients have other congenital defects, the most 

common being the cardiac ones (24%).7 When we have 
an association of three or more anomalies, the diagno-
sis of VACTERL (vertebral, anal, cardiac, tracheal, eso-
phageal, renal, limb) is suggested.8,9 Another possible 
anomaly association is CHARGE (coloboma, hearth, 
choanal atresia, retarded growth, genital hypoplasia, 
ear deformities).9  

The EA/TEF can be divided into five categories accor-
ding to Gross classification, in relation with TEF pre-
sence/location: Type A – EA with no TEF (7%-8% of all 
the EA); Type B – EA with proximal TEF (1%-4%); Type 
C – EA with distal TEF (85%, the most common); Type 
D – EA with proximal and distal TEF (3%-4%); Type E 
(H-type) – isolated TEF (3%-4%).8

Usually, EA diagnosis is made in the first hours of life, 
suspected through signs such as drooling, regurgita-
tion, coughing, gagging and respiratory distress (ap-
neic episodes/cyanosis) specially during feeding.8 A 
chest radiography taken with an nasogastric (NG) tube 
is mandatory, where a rolled-up tube in the proximal 
esophagus is diagnostic of EA.10 However, ultrasound 
prenatal suspected diagnosis is sometimes already pre-
sent: polyhydramnios and absence of gastric vesicle are 
the most used parameters, but they can be found in 
other pathologies and the latter is present in the absen-
ce of distal TEF, hence lacking specificity. Other para-
meters like the detection of neck or chest sac from 32 

RESUMO
INTRODUÇÃO: A atresia esofágica (EA) é uma malformação congénita rara, com diagnóstico maioritariamente 
pós-natal, apesar de a suspeita pré-natal ter melhorado ao longo dos anos. Até à realização da cirurgia, estes 
recém-nascidos precisam de monitorização numa Unidade de Cuidados Intensivos Neonatais (NICU). Apesar 
da redução na mortalidade, a morbilidade mantém-se uma preocupação. O objetivo deste estudo foi caraterizar 
dados pré-natais, do parto e pós-natais de recém-nascidos com EA num centro de referência de nível três. 

MÉTODOS: Um estudo retrospetivo anonimizado foi realizado através de dados de dezoito recém-nascidos diag-
nosticados com EA, nascidos entre janeiro 2007 – dezembro 2021, que foram admitidos na NICU de um centro 
de referência nível três. Os dados foram colhidos através de registos médicos dos recém-nascidos, compilados no 
Microsoft Excel e analisados pelo IBM SPSS statistics. 

RESULTADOS: Não houve prevalência entre sexos nem na idade materna avançada. A suspeita pré-natal consistiu 
na ecografia (polihidrâmnios/não visualização do estomago), onde a EA tipo A teve maiores resultados. Uma maior 
incidência de EA foi encontrada em recém-nascidos prematuros. Uma associação entre idades gestacionais me-
nores a presença de polihidrâmnios foi encontrada. Outras anomalias associadas foram comuns, principalmente 
cardíacas. Uma prevalência de EA tipo C e hiato-curto foram encontradas. O refluxo gastroesofágico e estenose 
esofágica foram comorbilidades frequentes. 

CONCLUSÃO: Melhoria na vigilância/avaliação pré-natal e pós-natal poderia reduzir a morbimortalidade e melho-
rar a gestão destes recém-nascidos. Com a redução na mortalidade, novos estudos são necessários para focarem 
na morbilidade e qualidade de vida. 

PALAVRAS-CHAVE: Atresia Esofágica; Diagnóstico Pré-Natal; Fístula Traqueoesofágica; Recém-Nascido.
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weeks of gestation, known as the pouch sign, and the 
non-visualization of the lower thoracic esophagus are 
recently reported as more reliable. Nevertheless, only 
one-third of EA cases are identified prenatally.11 Other 
exams, such as echocardiography, abdominal/pelvic ul-
trasound and bronchoscopy, should be performed to 
evaluate other malformations and for anesthetic/sur-
gical purposes.12

EA newborns demand monitoring in Neonatal Inten-
sive Care Unit (NICU): they need head elevation and 
continuous saliva aspiration to prevent apnea and as-
piration pneumonia. Furthermore, endotracheal intu-
bation should be avoided to prevent iatrogenic gastric 
perforation.13 The definitive treatment is the primary 
correction of EA/TEF, with an end-to-end anastomosis 
to reestablish esophageal continuity.9 The prognosis is 
favorable, with 90%-95% survival,8 being the majority 
of the deaths attributed to associated congenital ano-
malies and sepsis.14 Despite this, EA is associated with 
comorbidities, such as esophageal stenosis, dysphagia 
and gastroesophageal reflux (GER), that may require 
medication, surgery or other treatment techniques, 
affecting quality of life.15 EA survivors are at fourfold 
increased risk of Barrett esophagus,16 which leads to 
higher risk of adenocarcinoma and epidermoid carci-
noma, warranting dedicated surveillance through adul-
thood.7,8 

This study aimed to retrospectively characterize the ca-
ses of EA at Daniel de Matos Maternity (DMM), Centro 
Hospitalar e Universitário de Coimbra (CHUC), in the 
last 15 years, analyzing the Gross classification, risk 
factors, prenatal diagnosis, delivery, preoperative care, 
treatment and morbimortality of EA neonates. 

MATERIAL AND METHODS
After permission from CHUC ethics committee, a re-
trospective anonymized descriptive study of 18 ne-
wborns with an EA diagnosis was performed. Inclusion 
criteria comprised of all neonates born between Ja-
nuary 2007 – December 2021, diagnosed with EA, ad-
mitted to the NICU of the DMM (tertiary care referral 
center in Coimbra), obtained by searching the EA code 
on the unit’s neonatal database and using the clinical 
key coding list.

Demographic and clinical data were collected from the 
medical records of EA neonates and were stored in a 
Microsoft Excel table. Different instruments were used: 
for prenatal data information in the neonate clinical re-
cord was used; postnatal and NICU data relied on Ap-
gar score, chest radiography with NG tube and regular 
monitoring analysis; to assess cardiac anomalies, an 

echocardiogram was performed; EA type was classified 
using Gross classification.

The variables analyzed included: mother’s age, previous 
gestations, pregnancy surveillance, events and ultra-
sounds, EA prenatal suspicion, polyhydramnios /other 
anomalies in ultrasound, fetal growth restriction (FGR), 
type of birth, sex attributed at birth, birth weight (BW), 
complete gestational age (GA), Apgar score, resusci-
tation, chest radiography with NG tube, ventilation, 
continuous saliva aspiration, antibiotics, NICU compli-
cations, hours of life at transfer, echocardiogram, other 
congenital anomalies, surgery type, days of life at sur-
gery, EA type, mortality and comorbidities.

IBM SPSS Statistics 28.0 was used to analyze the varia-
bles: mean/mode used on quantitative variables, while 
frequency percentages/counts used on qualitative va-
riables were converted into numerical ones. A Fisher’s 
Exact Test of independence was performed to exami-
ne the relation between polyhydramnios and FGR and 
between FGR and hypoglycemia. A Mann-Whitney 
U test was employed to assess whether a difference 
exists between the complete GA at birth of pregnan-
cies previously with and without polyhydramnios and 
to evaluate whether a difference exists between com-
plete GA at birth of pregnancies previously with and 
without prenatal suspicion of EA. It was considered 
statistically significant when p<0.05.

RESULTS
Between 2007 and 2021, the NICU of the DMM in 
Coimbra received 18 newborns with an EA diagnosis. 
The yearly cases distribution varied from 0-3 cases per 
year (Fig. 1).

The demographic and obstetrics data of these newbor-
ns are described in Table 1. Of the 18 pregnant women, 
10 (55.5%) had at least one event during pregnancy 
(Table 2) and 4 (22.2%) had Group B Streptococcus co-
lonization. 

EA´s suspected prenatal diagnosis was present in 
33.3% (6 cases), reported between 21-33 weeks 
of gestation, with a mean of 25.8 ± 5.0 weeks, and 
equal distribution along 15 years. In the ultrasound, 
polyhydramnios was present in 61.1% (11 cases) of all 
the pregnancies (100% when prenatal diagnosis was 
suspected) whereas other morphologic anomalies were 
present in 33.3% (6 cases), being the non-visualization/
reduction of the stomach the most common (66.7% of 
the other anomalies, 22.2% of all pregnancies – 4 ca-
ses, with concomitant polyhydramnios). Considering 
EA type A, 100% (2 cases) had EA prenatal suspicion, 
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having polyhydramnios and non-visualization of the 
stomach present. FGR was present in 44.4% of the 
cases (8 cases). The relation between polyhydramnios 
and FGR was non-significant (p = 0.630). Of the 61.1% 
of the pregnancies not monitored in a central hospi-
tal (11 cases), 100% were transferred in-uterus to the 
DMM, out of these 63.6% (7 cases) had polyhydram-
nios and 18.2% (2 cases) had EA suspicion.   

In regard to delivery, there was an equal distribution 
between cesarian and vaginal births (Table 3). After 
adjusting for pregnancies with polyhydramnios and 
prenatal EA suspicion, statistically significant differen-
ces were found between the complete GA at birth in 
pregnancies with polyhydramnios (median 35 weeks) 
and pregnancies without polyhydramnios (median 37 
weeks); U=16.0; p = 0.038. However, no statistically 
significant differences between the complete GA at 
birth in pregnancies with prenatal EA suspicion (me-
dian 36 weeks) and pregnancies without it (median 37 
weeks) were found; U=32.0; p = 0.704.

The Apgar Score had a mean of: 7.4 ± 2.1 – first mi-
nute; 9.0 ± 1.3 – fifth minute; and 9.6 ± 1.0 – tenth 
minute; with a mode of 9, 10 and 10 respectively. Re-
suscitation was necessary in 27.8% (5 cases): positive 
pressure ventilation – 3 cases (16.7%); endotracheal 
tube – 2 cases (11.1%). 

During NICU stay, all newborns performed an X-ray 
with an NG tube and an echocardiogram. Ventilatory 
support was necessary in 16.7% of the neonates (3 
cases): one with extremely low birth weight (ELBW) 
and extreme prematurity (28 weeks), very low BW 
and prematurity (32 weeks) and the third case was a 
newborn with neonatal resuscitation, choanal atresia 
and retrognathism. Continuous aspiration was perfor-
med in 17 newborns (94.4%). Antibiotics were given 
in 44.4% (8 cases), mostly for prenatal infectious risk. 

FIGURE 1. EA newborns distribution per year on DMM (n=18).
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TABLE 1. Demographic and prenatal data of newborns 
with EA diagnosis (n=18).

TABLE 2. Events reported during pregnancy (n=18).

Number (%) Devition
Sex

Female 10 55.6
Male 8 44.4

Mather's age (years) 30.6 ±5.9
Number gestations 1.7 ±0.8 1
Pregnancy Suveilance

Private Clinic 6 33.3
District Hospital 5 27.8
Central Hospital 7 38.9

Number of Ultrasounds 3.8 ±0.9 3

Variables Absolute 
Number

Frequency 
(%)

Fetus Eventes 5 27.8
Amniocenteses 4 22.2
Abnormal cardiotocography 2 11.1

Maternal Events 2 11.1
Gestational diabetes 1 5.6
Preeclampsia 1 5.6

Threatened Preterm Labor 2 11.1
Other Eventes

Contractions/Pelvic pain 1 11.1
Induced labor 1 5.6
Erysipelas infection 1 5.6

33.3% (6 cases) reported complications in the NICU, 
being the most common hypoglycemia (4 cases). The 
relation between FGR and hypoglycemia was non-sig-
nificant (p = 0.618). Congenital anomalies were present 
in 66.7% (12 cases), being cardiac anomalies the most 
frequent in 50% (9 cases): among these, isolated IAC 
were the most common (27.8%), followed by simulta-
neous IAC with IVC (16.7%) and by isolated IVC (5.6%). 
Other anomalies were present in 33.3% (6 cases): two 
cases of laryngeal clefts, one case of ARM, one case 
with minor dysmorphism, one CHARGE syndrome and 
one VACTERL association. 
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Variables Absolute Number Frequency (%) Mean Standard Deviation
All Pregnancies 18 100.0

BW (g) 2276.4 ±727.6
Complete GA (weeks) 35.7 ±3.1

Type of delivery
Cesarian 9 50.0
Vaginal 9 50.0

Pregnancies with Polyhydramnios 11 61.1
BW (g) 2183.6 ±781.1
Complete GA (weeks) 34.7 ±3.0

Type of delivery
Cesarian 7 63.6
Vaginal 4 36.4

Pregnancies with Prenatal EA Suspicton 6 33.3
BW (g) 2297.5 ±391.3
Complete GA (weeks) 36.0 ±0.9

Type of delivery
Cesarian 4 66.7
Vaginal 2 33.3

TABLE 3. Delivery data of all the pregnancies, the ones with polyhydramnios and the ones with prenatal suspicion of 
EA (n=18).

All newborns were transported by a neonatal inter-
-hospital transport team, with a mean of 11.1 ± 10.1 
hours of life, to further evaluation by Pediatric Surgery. 
The latter were calculated with exclusion of one case 
with 96 hours of life at transfer for extreme prematu-
rity (28 weeks) and ELBW (770 g). According to Gross 
classification, type C was the most frequent in 83.3% 
(15 cases), followed by type A in 11.1% (2 cases) and 
type B in 5.6% (1 case). Long-gap EA, less frequent 
than short-gap (27.8% versus 72.2%), corresponded to 
100% of EA type A and 20.0% of EA type C (3 cases 
out of 15).

All neonates underwent anastomotic reconstruction 
of esophageal continuity: 17 newborns (94.4%) had 
primary reconstruction while one was submitted to 
Foker’s method. TEF correction was performed in all 
cases of EA types B/C (16 cases). Gastrostomy was ne-
cessary in 16.7% (3 cases). The mean of days of life at 
surgery was 2.5±0.9 days, with a mode of 2 days, these 
values were calculated with exclusion of a case where 
delayed surgery was performed (7 months later). When 
considering morbimortality, all newborns survived. The 
most frequent comorbidities were: GER – 72.2% (13 
cases), esophageal stenosis – 55.6% (10 cases), dyspha-
gia – 22.2% (4 cases) and esophagitis – 16.7% (3 cases).

DISCUSSION
There was a relatively equal distribution between fe-
males and males, in line with previous data that EA has 
no sex preference,4,12 although some studies show that 
congenital malformations may display male sex pre-

ponderance.1,2,7 

Despite being reported that advanced maternal age 
has a relation with EA development,2,7 in this study, the 
mean maternal age was below 35 years, with only four 
cases presenting advanced maternal age. It was also 
observed that most of the EA cases occurred on the 
first/second pregnancy, in concordance with previous 
studies that report that low birth number is a EA risk 
factor.7 More than half of the pregnant women had 
at least one event during pregnancy. It was previously 
reported that gestational diabetes, some maternal in-
fections and exposure to some medications could be 
correlated to the presence of EA.2,7 

All gestations were monitored, with equal distribution 
between private clinic, district hospital and central hos-
pital/DMM. However, all pregnancies not monitored in 
a central hospital were transferred to it still in the ute-
rus, mostly due to polyhydramnios/EA suspicion. This 
is in agreement with recommendations that when the-
re is EA prenatal suspicion, the parents are advised for 
the birth to occur in a tertiary referral center hospital, 
with an NICU and a Pediatric Surgical Unit.13

Similar to previous reports, prenatal suspicion of EA 
was present in one third of the cases,11,13 which occur-
red between the twenty-first and thirty-third week of 
gestation, in line with literature stating that diagnosis 
occurs after the eighteenth week, in the second/third 
trimester.6,7 EA prenatal suspicion is based on the pre-
sence of polyhydramnios and non-visualization of the 
stomach at the ultrasound.7-11,13 Polyhydramnios was 
present in around 60% of the pregnancies, similarly to 
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previous data, whereas the non-visualization/reduction 
of the stomach was less frequent.8 All EA type A had 
EA prenatal suspicion, in accordance with other au-
thors who found that EA with no TEF had higher pre-
natal diagnosis report rates.8,13,15 There were no cases 
of detection of neck or chest sac (pouch sign), nor the 
non-visualization of the lower thoracic esophagus, in 
contrast with existing evidence.8,9,11,13

When comparing the type of birth in pregnancies with 
polyhydramnios and the ones with EA prenatal suspi-
cion, the cesarian birth was the most common in both, 
whereas when considering all pregnancies there was 
equal distribution between cesarian and vaginal birth. 
Although there was a prevalence of cesarian birth in 
pregnancies with EA prenatal suspicion, this was also 
the case in pregnancies with polyhydramnios. EA pre-
natal diagnosis is not a criterion for cesarian birth, oc-
curring when other anomalies and problems are anti-
cipated.13  

The mean complete GA at birth was below 37 weeks, 
this was also the case when considering pregnancies 
with polyhydramnios/EA prenatal suspicion, in agree-
ment with previous data reporting a higher incidence 
of EA in premature newborns, despite some studies 
concluding the opposite.4,7 It was also observed that 
the mean BW was below 2500 g, supported by other 
studies.7,12 Furthermore, a statistically significant dif-
ference was found between GA of pregnancies with 
polyhydramnios (lower GA) and without it. Polyhydram-
nios, implying larger amniotic fluid volume, is associated 
with increased risk of preterm labor.17 The Apgar score 
had only lower reports at the first minute. Resuscitation 
was necessary in a small number of cases, in association 
with the Apgar score (7 or lower at first minute). 

As in other investigations, all newborns had a chest 
X-ray with an NG tube to verify the EA diagnosis.9,10,12,13 
Continuous aspiration was regularly performed, as re-
commended, to prevent aspiration pneumonia.8,9,12,13

Spontaneous breathing is recommended in EA neo-
nates.8,9,13 Ventilation was needed in a low percentage 
of neonates: two cases for prematurity and one case 
for polymalformative syndrome (confirmed lately as 
CHARGE). Ventilation should be avoided for the iatro-
genic gastric perforation risk in TEF presence.8,9,13 Re-
garding antibiotics, they were used not only for EA, but 
also for prenatal infectious risk, such as extreme pre-
maturity, premature rupture of membranes and fetal 
distress. There is not a consensus in whether antibio-
tic prophylaxis should always be used in EA newbor-
ns.9,13  A third of the neonates reported complications 
in the NICU, being the most common hypoglycemia, 
although it could be associated with FGR, no significant 

statistical association was demonstrated.18

It is generally accepted that more than 50% of EA ne-
wborns have at least one congenital malformation as-
sociated,5,7-9,15 in line with this study. Cardiac anomalies 
are described as the most commonly associated with 
EA, with incidences varying from 23% - 86%. In accor-
dance, cardiac anomalies were present in half of the 
cases.3,4,7,9,13,14 Among them, IAC was the most com-
mon, followed by IVC, as in previous works.3,7 For this 
reason, an echocardiogram was always performed.8,13 
Other congenital anomalies were present in one third 
of cases, in accordance to other studies3 : two laryngeal 
clefts and one ARM, supporting previous reports, sta-
ting higher incidences of these in EA patients.8,9,12 Fur-
thermore, it was found one case of CHARGE syndrome 
and one suspicion of VACTERL association, which are 
strongly associated to EA, the latter having prevalen-
ce’s around 10%.3,4,8-10,15 

EA type C was the most frequent, followed by type 
A.1,3,10-12,15 There was one case of EA type B and types 
D/E were not found as they are less common.7-9,13 EA 
can be divided in short-gap and long-gap, the latter is 
usually characterized by a gap longer than 2-3 cm or 
higher than 2 vertebral bodies, being more common in 
EA type A/B.4,9,19 Prevalence of short-gap EA was fou-
nd, with 30% of long-gap EA (confirmed in all EA type 
A), in accordance to other studies where long-gap EA 
had a prevalence of 10%-30%.15,19

Surgery was performed mostly on the second day, in 
line with previous studies that report that EA correc-
tion should be performed in the first days of life, to 
reduce mortality.3,6,8,20 All newborns underwent anas-
tomotic reconstruction of esophageal continuity, as 
recommended.7-9,12,19,20 In the majority of the neonates 
the primary reconstruction was performed, with only 
one case (long-gap EA type C) of a two-step repair af-
ter Foker’s method – which consists in using traction 
sutures to enable esophageal stretching, mostly exe-
cuted in long-gap EA, when primary reconstruction is 
not possible.4,9,19 Gastrostomy was necessary in three 
newborns: both EA type A and the long-gap EA type 
C that went through Foker’s method, as reported that 
gastrostomy was required in the majority of the long-
-gap EA or in the presence of a wide TEF with respira-
tory distress.19,20 

There was no mortality reported in this study, as simi-
lar to prior records stating an increase in survival rate, 
greater than 90%, with mortality mostly occurring in 
those of extreme prematurity or other associated con-
genital anomalies.8,9,12,14,15,20

Comorbidities associated with EA are common, not 
only after birth, but also in the subsequent years of 
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life,7,8,16 having prevalences around 90% in this study, 
with GER being the most frequent . Although other 
studies reported lower incidences, they still consider 
GER as a highly prevalent comorbidity.9,16 Esophageal 
stenosis followed GER, with frequencies slightly higher 
than previous data.9,15 Lastly, dysphagia and esophagi-
tis were also present, with lower reports than previous 
works.8,15,16

This study has several limitations, such as: small sample 
size; its retrospective nature; for being a single-center 
work; and absence of a control group. 

CONCLUSION
To conclude, EA remains a challenging pathology. An 
accurate EA prenatal suspicion would be of extreme 
importance to reduce morbimortality and to improve 
management of these neonates, with immediate moni-
toring in an NICU and a brief time to surgery. Despite 
advances in prenatal diagnosis, it was positive in only 
one-third of cases. Efforts should be made to improve 
detection rates and eventually consider novel markers. 
After birth, it is important to confirm the diagnosis, EA 
type and check other malformations, since these can 
influence management. With increased survival, new 
studies should concern morbidity and quality of life of 
these children. 
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