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Abstract

Purpose To review the outcomes of extremely low birth

weight (ELBW, \1000 g) infants with esophageal atre-

sia/tracheoesophageal fistula (EA/TEF).

Methods Health records of ELBW EA/TEF infants trea-

ted at our institution from 2000 to 2014 were reviewed

(REB1000046653). Demographics, operative approach and

postoperative complications were analyzed. Data are

reported as median (range).

Results Of 268 EA/TEF infants, 8 (3 %, five females)

were ELBW (930 g, 540–995). Gestational age was

28 weeks (23–32). Seven had type-C EA/TEF and one type

B.

Outcomes One trisomy 18 infant received no treatment

and died; one initially diagnosed as type A had primary

repair at 126 days of life (DOL); six underwent TEF

ligation (three trans-pleural) with primary repair in one and

delayed anastomosis in two (DOL 120 and 178). The

remaining three died (gastrostomy dehiscence and peri-

tonitis, liver hemorrhage during peritoneal drain insertion,

severe chronic lung disease and brain hemorrhages). At a

median follow-up of 3 years (range 15 months–5 years),

all survivors are thriving.

Conclusion ELBW infants with EA/TEF are rare and

result in high morbidity and mortality. Mortality is mainly

related to complications not associated with EA/TEF

repair. Fistula ligation followed by delayed anastomosis

seems to achieve a better outcome in ELBW infants.

Keywords Isolated esophageal atresia � Long gap

esophageal atresia � Esophageal lengthening � Foker �
Collis � Thoracoscopy � Trisomy 18 � Trisomy 14

Introduction

Recent advances in the perinatal treatment of preterm

infants, including prenatal referral to tertiary care centers,

prenatal steroid treatment, and postnatal assisted ventila-

tion and surfactant therapy, have resulted in improved

survival rates for very low birth weight (VLBW,\1500 g)

and extremely low birth weight (ELBW, \1000 g) neo-

nates [1–5]. Simultaneously, neonatal surgical mortality

has steadily fallen over the last decades, thanks to the

improvement in pediatric anesthesia, better understanding

of neonatal physiology, and advances in intensive care

including mechanical ventilation and parenteral nutrition

management [6].

In infants with esophageal atresia/tracheoesophageal

fistula (EA/TEF), birth weight has consistently been

reported as a significant determinant of overall survival [7].

In 1962, Waterston et al. from Great Ormond Street

reported the outcomes of 218 infants born with EA/TEF

and proposed a prognostic classification based on birth

weight, associated anomalies and pneumonia [8]. In that

study, the lowest rates of survival were in infants with birth

weights less than 4 lb (1800 g). In 1994, Spitz et al.

updated the prognostic classification after reviewing 372

infants with EA/TEF, with the lowest survival rates in

infants with major cardiac anomalies and birth weights less

than 1500 g [9]. More recently, other groups reviewing
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smaller series of EA/TEF patients have proposed modifi-

cations of these classifications with birth weight becoming

a less significant determinant for survival compared to the

Waterston and Spitz series [10–13]. Poenaru et al. reported

that birth weight was not found to independently influence

mortality in their series of 96 patients and proposed a novel

‘‘Montreal classification’’, based on two other prognostic

factors, pre-operative ventilator dependence and associated

anomalies [14]. Similarly, Choudhury et al. reported that

associated cardiac and chromosomal anomalies were more

significant causes of death than birth weight [11]. Con-

versely, a more recent Japanese study analyzing the out-

come of EA/TEF infants treated over 25 years reported a

modification of the Spitz classification where birth weight

of less than 2000 g and major cardiac anomalies were still

considered crucial factors for survival [15]. However, these

studies propose new classifications based on relatively

small cohorts of patients accrued over a very long period of

review during which many facets of neonatal care have

changed or improved [11, 14, 15].

Despite these reports, the management of VLBW and

ELBW infants with EA/TEF still remains challenging and

controversial. The aim of the present study was to review

our experience with the surgical management of these

infants at our institution over a 15-year period.

Methods

Ethical approval was obtained (REB1000046653). Medical

records of ELBW infants with EA/TEF treated at our

institution between 2000 and 2014 were reviewed. Demo-

graphics, associated anomalies, operative approach and

postoperative complications were reported. Data are

reported as median (range).

Results

Demographics

Of the 268 infants with EA/TEF managed at our institution

during the study period, 8 (3 %) had a median birth weight

of 930 g (range 540–995) with a median gestational age of

28 weeks (range 23–32) (Table 1) and a female prepon-

derance (M:F = 3:5). Seven infants had type-C EA/TEF

(87.5 %) and one had a type B. Associated anomalies were

present in all infants (Table 1).

Surgery

A patient born with dysmorphic features (triangular facies,

low set hypoplastic ears, clenched hands, rocker bottom

feet, short sternum) had genetic confirmation of trisomy 18

(G-banding analysis), did not undergo any surgery due to

severe cardiopulmonary instability and was palliated on

day 2 of life (Fig. 1).

Of the remaining seven patients who underwent surgical

repair, six with type-C EA/TEF underwent TEF ligation

(trans-pleural in three) on day 1 of life (range 1–5). Pri-

mary anastomosis at the time of TEF ligation was per-

formed in only one of those six patients who also

underwent a loop colostomy for associated anorectal mal-

formation. Delayed esophageal anastomosis was carried

out in two patients at 120 and 178 days of life, respec-

tively. The remaining three patients died. One of those was

born with associated duodenal atresia (annular pancreas),

omphalomesenteric duct remnant with local volvulus, and

anorectal malformation, at the same time of TEF ligation

underwent laparotomy with bowel resection, gastrostomy

and ileostomy. The postoperative course was complicated

by gastrostomy dehiscence and peritonitis, bilateral intra-

ventricular hemorrhage and care was withdrawn on day 21

of life. Another patient died on day 16 of life when during

cardiac surgery procedure for truncus arteriosus the infant

developed fatal liver hemorrhage caused by the insertion of

a peritoneal drain. The third patient, who had undergone

TEF ligation on day 1 of life, underwent a second thora-

cotomy on day 5 due to persistent pneumothorax where a

recurrent TEF was excluded and esophageal anastomosis

was carried out. Post-operatively, this infant developed

recurrent bilateral pneumothoraces requiring multiple drain

insertions, severe chronic lung disease requiring maximal

ventilator support and oxygen therapy, and multiple cere-

bellar and brain hemorrhages for which parents opted for

comfort care. The child died at 7 weeks of age.

The seventh patient was born at 23 ? 2 weeks of ges-

tation with a birth weight of 620 g. He initially underwent

bronchoscopy that ruled out the presence of any TEF, was

considered as having a pure EA and had an open Stamm

gastrostomy on day 61 of life. However, at definitive sur-

gery on day 126 of life, he was found to have a proximal

TEF (type B) and underwent TEF ligation and esophageal

anastomosis. Moreover, due to severe tracheomalacia, this

patient underwent an open aortopexy on day 217 of life.

No patients in this series underwent thoracoscopic TEF

ligation or esophageal repair.

Outcome

Overall mortality was 50 %. All four surviving patients

experienced postoperative complications. One patient had a

thoracic duct injury that was successfully treated conser-

vatively. Two (50 %) patients had anastomotic leak that

was successfully managed non-operatively with antibiotic

and chest tube drainage. Three patients (75 %) developed
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esophageal strictures requiring balloon dilatation. One

patient had severe tracheomalacia requiring aortopexy after

esophageal repair.

All survivors suffered from prematurity-related com-

plications including chronic lung disease and severe pul-

monary hypertension (n = 2), retinopathy (n = 2),

Table 1 Extreme low birth weight patients with esophageal atresia with/without tracheoesophageal fistula: demographics and description

Gender Birth

weight

(g)

Gestational

age (weeks)

Antenatal scans Associated anomalies

1 M 750 26 ? 1 Normal PDA

2 F 980 31 ? 3 Polyhydramnios, severe IUGR, 2 vessel cord VSD, PDA, duodenal atresia, anorectal

malformation, omphalomesenteric duct

3 M 995 28 ? 4 Normal Truncus arteriosus

4 F 990 32 ? 6 Severe IUGR, single pelvic kidney, single umbilical

artery

VSD, PDA, PFO, butterfly vertebra, anorectal

malformation, tethered cord, fused pelvic

kidney

5 F 870 27 ? 1 Oligohydramnios, left talipes, 2 vessel cord, Mosaic

uniparental disomy of chromosome 14

(amniocentesis)

Trisomy 14, PDA, PFO, ASD, fused vertebrae,

tethered cord, talipes

6 F 975 29 ? 5 Bilateral choroid plexus cysts Trisomy 18

7 F 884 32 ? 4 Polyhydramnios, severe IUGR ASD, tethered cord

8 M 540 23 ? 2 Normal, dichorionic diamniotic pregnancy PDA

ASD atrial septal defect, IUGR = PDA = patent ductus arteriosus, PFO patent foramen ovale, VSD ventricular septal defect

Fig. 1 Management of\1000 g birth weight infants with EA/TEF. DOL day of life
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hyperinsulinemic hypoglycemia attributed to the small size

for gestational age (n = 1), osteopenia (n = 1) and sepsis

(n = 3).

At a median follow-up of 3 years (range 15 months–

5 years), all four survivors are thriving. Three of them are

on full oral feeds, whereas one is still dependent on gas-

trostomy feeds. This latter patient also underwent a Nissen

fundoplication at 13 months of age due to severe gastro-

esophageal reflux. One patient, who developed congenital

disseminated fungal infection with brain lesions during the

first admission, suffers from significant neurodevelop-

mental delay with spastic cerebral palsy.

Discussion

The current series of ELBW infants with EA/TEF is one of

the largest reported in the literature. Although the number

of ELBW infants who are born with EA/TEF is low,

accounting for only 3 % of all newborns with EA/TEF,

they experience a very high rate of morbidity and mortal-

ity, most of which are secondary to their prematurity in

addition to associated congenital anomalies. This reflects

the low survival rates reported in the literature for ELBW

infants in general without EA/TEF [16–20]. In the present

series, infants with ELBW and EA/TEF have a 50 % sur-

vival rate. This is much lower than the survival rate

recently reported by our institution (91 % at 3 years) [21].

Prenatal ultrasonography in this series of patients was

not very informative: scans were normal in two fetuses,

showed polyhydramnios in two and were aspecific in the

other four. Prenatal diagnosis rate of EA using ultra-

sonography can be low in the first trimester, but may

become more accurate later in the pregnancy when other

features, such as a small stomach bubble or a dilated blind-

ending esophageal pouch, are visualized [22, 23]. Given

the prematurity rate of this series of patients, most had just

initial prenatal scans which would explain the low yield of

ultrasonography.

All infants in our series had associated anomalies,

consistent with previous reports [24, 25]. In particular,

cardiac anomalies are the most frequent and found in all

patients in our series. Two patients (25 %) had chromo-

somal anomalies. One was born with trisomy 18. This is a

known association with EA/TEF, which has a 1-year sur-

vival rate as low as 17–27 % in those receiving surgical

repair [26]. This clinical picture poses ethical problems

regarding the management of these infants, but given the

extremely poor prognosis, once the diagnosis has been

confirmed on chromosomal analysis and parents have been

counseled, no further surgical treatment may be justified

[27]. One patient was born with a mosaic trisomy 14, a

very rare chromosome disorder which, to the best of our

knowledge, has never been reported in association with

EA/TEF. Patients with mosaic trisomy 14 have growth and

psychomotor retardation, dysmorphic facial features, con-

genital heart disease and cryptorchidism [28]. The life

expectancy of these patients has not been studied, but about

two-thirds of patients with trisomy 14 mosaicism survive

relatively free of serious medical problems after infancy

[28]. Therefore, an attempt to treat this infant was made,

but the eventual outcome was poor.

The surgical approach to infants with ELBW and EA/

TEF is variable and should be individualized. One option is

to perform a TEF ligation, possibly combined with a

feeding gastrostomy, postponing esophageal repair until

the infant is older and of bigger weight. The other option is

to carry out an immediate TEF ligation and esophageal

anastomosis. In either case, it is crucial to ligate the TEF

promptly, because it poses the risk of aspiration and death

if left untreated [7]. Preterm infants with severe respiratory

distress syndrome will invariably require positive pressure

ventilatory support which may initiate a deadly cascade of

severe gastric distension, further worsening of ventilation

with possible gastric rupture resulting in tension pneu-

moperitoneum [29]. This risk is even higher in those neo-

nates with associated intestinal atresia or anorectal

malformation. For this reason, emergency ligation of the

TEF has been advocated for these infants since 1984 [30,

31]. In some of these cases, TEF ligation results in such a

dramatic improvement of the infant respiratory status after

which primary esophageal repair can safely proceed [7].

This occurred in one of our patients, who was sufficiently

stabilized after TEF ligation to undergo esophageal repair.

In non-emergency cases, the timing of esophageal

anastomosis in ELBW infants is controversial. Seitz et al.

reported a series of four patients, three with ELBW and one

with VLBW, where primary repair and TEF closure were

achievable and concluded that staged repair should be

considered only in patients with associated severe malfor-

mations [24]. Conversely, Petrosyan et al. analyzing a

larger series of 25 premature infants with VLBW reported

that staged esophageal repair results in a lower rate of

anastomotic complications and overall morbidity than

primary repair [25]. In this series that analyzes the out-

comes of ‘‘heavier’’ patients (number of ELBW not

reported), infants repaired primarily had higher stricture

and leak rates [25].

The strategy we adopted at our institution was to delay

the esophageal anastomosis, unless the patient was so

stable to sustain it. Of our four survivors, three had a

delayed anastomosis and one a primary repair. The three

patients who died were all managed with TEF ligation with

a plan for delayed anastomosis. However, none of these

mortality cases were due to delay in definitive repair or to

complications related to the initial esophageal surgery. In
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two of these patients, the decision for discontinuation of

active treatment, in agreement with the family, was based

on the very poor neurological outcomes secondary to

bilateral intraventricular hemorrhage in one and multiple

cerebellar and brain hemorrhage in the other. The surgical

complications typical of patients with EA/TEF, including

thoracic duct injury and anastomotic leak and/or stricture,

were successfully treated. Likewise, tracheomalacia and

gastro-esophageal reflux, conditions known to be associ-

ated with EA/TEF, were successfully managed. Finally, all

survivors but one, who has the shortest follow-up, are on

full oral feeds.

It must not be underestimated that, regardless of the

surgical approach, these infants suffer from all of the

complications of prematurity. In fact, all survivors in this

series had severe morbidity related to their early gestational

age. Our series stratified according to the international

classification of prematurity was composed by three

extremely preterm infants (\28 weeks of gestation), 3 very

preterm (28 to\32 weeks) and 2 moderate preterm (32 to

\33 weeks) [32]. However, also the number and severity

of associated anomalies play an important role for survival.

In fact, the two patients with the lowest gestational ages

(23 and 26 weeks) and birth weights (540 and 750 g) had

only a patent ductus arteriosus and survived with good

outcome.

In conclusion, the incidence of ELBW infants with EA/

TEF is rare (3 %) but these patients have a mortality rate of

50 %. Hence, the association of ELBW and EA/TEF

results in high morbidity and mortality. In our series, the

causes of death are mainly due to complications not asso-

ciated with EA/TEF. Early TEF ligation followed by

delayed esophageal repair can achieve a good outcome for

ELBW infants. Our study confirms that for ELBW neo-

nates with EA/TEF, associated anomalies represent a major

risk factor for mortality.
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