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prenatally unknown Gross type C esophageal atresia.

report

Background: The surgical management of esophageal atresia in extreme-low-birth-weight infants (< 1000 g) is chal-
lenging. We report on an extreme-low-birth-weight infant who was extremely preterm (510 g, 25 + 5 weeks) and of

Case presentation: After resuscitation and intubation, the tracheoesophageal fistula was closed on the first day of
life in the neonatal intensive care unit via an extrapleural approach using a titanium clip. On the sixth day of life, the
Caucasian child was extubated. To minimize the operative trauma in the initial neonatal period, we prolonged gas-
trostomy placement until the 22nd day of life (weight 725 g). At the age of 3 months (weight 2510 g), thoracoscopic
esophageal anastomosis was performed. The postoperative course was unremarkable. During the further clinical
course, eight esophageal dilations were necessary. Currently, the patient swallows without difficulties at the age of
4 years and thrives well [15 kg (Percentile 28); 100 cm (Percentile 24)].

Conclusions: Our case shows that minimized postnatal surgical trauma with primary tracheoesophageal fistula
closure at the bedside, delayed gastrostomy, and minimally invasive esophageal repair after substantial weight gain
(> 2.5 kg) is a good strategy for esophageal atresia/tracheoesophageal fistula in extreme-low-birth-weight infants.

Keywords: Tracheoesophageal fistula, Extremely low birth weight, Extremely preterm, Thoracoscopic repair, Case

Background

The percentage of esophageal atresia (EA) with tra-
cheoesophageal fistula (TEF) in extreme-low-birth-
weight (ELBW) infants (< 1000 g) is low (3%) [1]. For
such cases, mortality can be very high (50-100%) [1, 2].
The surgical strategy for these children is controversial.
Some argue that the anastomotic result after primary
EA repair is favorable compared with staged repair [3].
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In contrast, others advocate that primary fistula ligation
followed by gastrostomy and delayed esophageal anasto-
mosis achieved better outcomes and lowered the rate of
anastomotic complications in ELBW infants [1, 4]. Here,
we describe a case of staged operation in an ELBW and
extremely preterm infant (510 g, 25 + 5 weeks) who was
born with prenatally unknown EA/TEF (Gross type C).

Case presentation

A 510 g Caucasian female infant without prenatally diag-
nosed anomalies was delivered to a previously healthy
37-year-old mother (gravida 7, para 4, ab 2) at 25.7 weeks
gestation via cesarean section after pathological findings
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on cardiotocography and growth retardation. Apgar
scores were 3, 6, and 7. The patient was intubated imme-
diately after birth, and broad-spectrum antibiotics (ampi-
cillin 4+ cefotaxime) were started. EA/TEF (Gross type
C) was diagnosed via chest x-ray after a nasogastric tube
was unable to pass the esophagus. A Replogle tube was
placed in the upper pouch with continuous suction, and
an umbilical vein catheter was established. Cardiac and
renal ultrasound were normal; no additional malfor-
mations were diagnosed. The three older siblings of the
patient do not have any congenital anomalies and are all
healthy.

On the first day of life (DOL) (10 hours after birth)
open TEF clipping was performed via an extrapleural
approach in the incubator at the neonatal intensive care
unit using a titanium clip (operation time 36 minutes).
To reduce the operative trauma in the initial neonatal
period and enable extubation after 6 days, we decided to
postpone the placement of a gastrostomy. Therefore, we
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applied total parenteral nutrition (TPN), which resulted
in a constant elevation of direct bilirubin (maximum of
200 mg/dl). At 22 DOL (weight 725 g), we created an
open gastrostomy (operation time 58 minutes). After
steady weight gain (2510 g), we performed a thoraco-
scopic primary esophageal anastomosis (operation time
93 minutes) at 3 months of age, without tension and
without any perioperative adverse events (Fig. 1). The
patient was weaned from mechanical ventilation after
4 days. A transanastomotic tube was left in place until an
upper contrast swallow study was performed 7 days after
surgery. After 14 days, the patient was completely on oral
feeds.

Upper endoscopy including balloon dilatations started
routinely after 1.5 months postsurgery. There was no
event of complete stricture. However, we performed
eight dilatations during the first year of life until the
anastomotic stenosis resolved. Although the patient
experienced one to three respiratory infections per year,

titanium clip

Fig. 1 The surgical procedure of the patient. A The patient was intubated immediately after birth; open tracheoesophageal fistula closure was
performed in the neonatal intensive care unit. B Titanium clip was used to ligate the tracheoesophageal fistula. C On 22nd DOL, gastrostomy
was created. D Three months after birth, esophageal anastomosis was performed via thoracoscopy. White arrow in B and D indicates location of
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there were no events of aspiration pneumonia or sepsis.
Currently, the patient swallows effortlessly at the age of
4 years and thrives well [15 kg (Percentile 28); 100 cm
(Percentile 24)].

Discussion

The optimal surgical treatment for EA/TEF in ELBW
infants (< 1000 g) remains controversial (Additional
file 1). To date, there are eight case reports and two com-
parative studies that include children with less than 445 g
and 23 weeks gestation. In 1992, Schaarschmidt et al.
reported staged repair in an infant born with 445 g at
of 36 weeks gestation that survived [5]. Gastrostomy on
second DOL was followed by open TEF ligation and pri-
mary esophageal anastomosis after 29 days. In 2016, Zani
et al. reported a case with 540 g of 24 weeks gestational
age with initially diagnosed pure EA (based on bronchos-
copy findings). [1] The patient underwent gastrostomy
placement after 61 days. On the 126th DOL, the presence
of a proximal fistula was noticed during open surgery,
and TEF ligation as well as esophageal anastomosis was
achieved. The authors compared the outcomes of pri-
mary versus staged repair in a total of eight patients. They
concluded that initial TEF ligation followed by delayed
esophageal repair is better than primary anastomosis
in ELBW infants. Another comparative study showed
that 20% (1/5) of ELBW patients with EA/TEF survived
after primary repair, while 100% (2/2) pure EA and 100%
(2/2) EA/TEF survived after a staged operation [6]. The
authors argued that a minimal initial operative trauma is
lifesaving for such ELBW patients and therefore recom-
mend delayed esophageal anastomosis.

Likewise, there are some publications that report suc-
cessful primary repair in ELBW infants [7, 8]. None of
the surviving patients had severe associated anomalies
(for example, major cardiac anomalies, renal deform-
ity, chromosomal abnormalities), and birth weight in all
cases was > 700 g. Therefore, patient selection may be a
crucial factor for the success of primary repair.

Malnutrition and growth failure are frequent problems
in ELBW patients with EA/TEF. Therefore, parenteral
nutrition must be initiated soon after delivery to pre-
vent postnatal failure to thrive. Our patient showed total
parenteral-nutrition-dependent weight gain from 510 g
to 725 g until the 22nd DOL. One major complication of
total parenteral nutrition is parenteral-nutrition-associ-
ated liver disease (incidence 25-60%) [9, 10]. Neverthe-
less, we tolerated a temporary elevation of liver enzymes
and bilirubin levels until we performed the open gastros-
tomy on the 22nd DOL. Thereafter, we started full enteral
feeds, which resulted in an increase of weight from 725 g
to 2510 g (90th DOL).
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Thoracoscopic repair (TR) of EA/TEF is an ongoing
controversy. Dingemann et al. suggested that neonates
with a short-gap EA that are cardiopulmonary stable
and weigh more than 2000 g at birth with less than one
major associated malformation are good candidates for
TR [11]. Others demonstrated that TR can be performed
safely and effectively by experienced surgeons, and
patients with even lower birth weights (< 1800 g). How-
ever, major coexisting anomalies and hemodynamically
unstable patients shall be excluded from TR [12, 13]. One
meta-analysis compared the clinical outcomes between
open repair and TR for EA/TEF involving 447 studies.
It showed that TR can reduce the length of hospital stay,
time to first oral feeds, and long-term musculoskeletal
morbidity. In contrast, operation times were longer in
the TR group. The rates of leakage, stricture, pulmonary
complications, and the need of fundoplication due to gas-
troesophageal reflux disease were similar in the open and
TR groups [14].

Reports on delayed TR for EA/TEF in ELBW infants
are rare. Margain et al. report on three cases with birth
weights and gestational ages of 490, 790, and 800 g and
25, 26, and 27 weeks, respectively [15]. They were pri-
mary treated with lower esophageal banding, followed
by delayed thoracoscopic esophageal repair and dissec-
tion of the fistula. Two patients survived with uneventful
courses, and delayed TR was performed at 70 and 80 days
DOL and 2100 and 2200 g, respectively. These data match
our patient, who was born at 25 weeks gestation with a
birth weight of 510 g; delayed thoracoscopic anastomosis
was performed after 3 months at 2510 g.

Conclusions

Extremely preterm and low-birth-weight infants of
EA/TEF can benefit from a staged repair with primary
open ligation of the fistula followed by gastrostomy and
delayed thoracoscopic anastomosis.
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