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Tracheoesophageal fistula
following button battery
ingestion in an infant
Airway management considerations

Case

A 13-month-old male infant (weight
9.1kg) was seen in a primary clinic
with swallowing and feeding problems
that had persisted for 3 weeks. Chest
X-ray examination showed a flat and
round hyperdensity measuring 21mm
in diameter at the level of the tracheal
bifurcation, identified to be a button
battery. Shortly after hospital admission,
the child developed severe respiratory
distress requiring tracheal intubation
and mechanical ventilation (. Fig. 1).
Suspected pulmonary infection and me-

Fig. 18 Anteroposterior X-ray showing the button battery.Note the dis-
tinctive double ring or halo sign

Fig. 28 Contrast-enhanced thoracic axial CT scan showing the buttonbat-
tery at the level of the carina

diastinitis were treated with intravenous
meropenem (3 doses of 250mg). The
child was transferred to a tertiary pedi-
atric center nearly 1000km away.

A thoracic computed tomography
(CT) scan showed that the battery had
eroded the esophagus and was in im-
mediate contact with the trachea, ex-
erting external pressure on the right
main bronchus, which was partially
occluded and on the right main pul-
monary artery. Mediastinal effusion was
also seen (. Fig. 2). The decision was
made to surgically remove the button

battery and surgery was scheduled for
the next day.

Upon arrival in the operating room,
diagnostic bronchoscopy was performed
with a 2.8mm external diameter flexible
scope. The main finding was that the
battery had eroded the posterior tracheal
wall slightlyabove thecarinaandwaspar-
tially visible in the tracheal lumen. Based
on these findings, the surgical plan was
to perform median sternotomy, extract
the battery and repair the esophageal
and tracheal lesions. Several airway
management options were discussed
with a final interdisciplinary decision to
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perform surgery on cardiopulmonary
bypass. An arterial line was inserted in
the left femoral arter, and a triple-lumen
central venous catheter was placed in
the right internal jugular vein. After
median sternotomy and administration
of heparin (400 units/kg body weight),
the superior and inferior vena cavae
and ascending aorta were individually
cannulated. Once a blood-primed car-
diopulmonary bypass with 100% flow
(2.5 l/min/m2) was established, the target
structures were exposed and the battery
was uneventfully removed. While the
esophageal lesion was easy to repair
with simple sutures, the low tracheal
lesion required technically sophisticated
reconstruction, including three periods
(4, 22, and 25min, respectively) during
which pump flow was reduced to 10% to
reduce the filling of the aorta, which was
obstructing the surgical field when full
flow was used. During this period the
body core temperature was decreased
to 25.1 °C. After 142min the child was
weaned from cardiopulmonary bypass,
received protamine, two units of cryo-
precipitate and platelets. The child was
transferred to the pediatric intensive
care unit and after repeat bronchoscopy
was extubated and moved to the pe-
ripheral unit on postoperative day 3 in
a stable condition and without obvious
neurological or infectious sequelae.

Discussion

According to the United States National
Electronic Injury Surveillance System,
the average annual battery-related emer-
gency department visit rate was 4.6 visits
per 100,000 children from 1990 to 2009.
Battery ingestion accounted for 76.6% of
emergency department visits, followed
by nasal cavity insertion, mouth expo-
sure resulting in chemical burns, and ear
canal insertion [1]. The typical age of
children ingesting batteries is between
6 months and 4 years [2]. These patterns
are also reflected by local data, in which
batteries account for approximately 5%
of ingested foreign bodies [3]. While
most batteries will pass through the
gastrointestinal tract spontaneously, se-
vere morbidity and fatality can occur if
the battery lodges in the esophagus. In

a large multicenter case series from the
USA, 13 deaths have been reported in
56,535 observed button battery inges-
tions, all in children under 3 years of
age and after unrecognized ingestion or
delayed treatment [4].

According to recent interdisciplinary
guidelines, foreign bodies blocking the
esophagus are considered medical emer-
gencies. This is of specific concern with
batteries, where current flow can cause
profound burns after just 1–2 h [5]. Pos-
sible complications of delayed treatment
include mucosal lesions with subsequent
esophageal strictures, tracheoesophageal
and aortoesophageal fistulas and medi-
astinitis. In the anteroposterior X-ray,
button batteries show a typical double-
ring or halo sign (. Fig. 1). This is caused
bythenear-edge interruptionof themetal
sheath for the nonmetallic insulation be-
tween the poles. In case of doubt, even
in the absence of this double-ring sign, it
should be assumed that a round foreign
body is a battery and not a coin.

The mechanism of damage caused by
batteries is based on the flow of cur-
rent and the resulting formation of hy-
drochloric acid at the anode (positive
pole) and sodium hydroxide at the cath-
ode (negative pole). In addition, the flow
of current may cause a contraction of
the esophageal musculature, which pre-
vents further movement of the battery
into the stomach. Thus, sodium hydrox-
ide swiftly accumulates in one place and
causes liquefactive necrosis, comparable
to an alkaline caustic ingestion injury [7,
8].

The lateral X-ray can be helpful if
a step-off can be noted, as seenwith some
batteries. The narrower part of the bat-
tery corresponds to its negative pole and
can help guide clinicians to where the
most severe tissue injury due to hydrox-
ide accumulation may occur and what
potential complications need to be con-
sidered in thepatient, e.g. spondylodisci-
tis if the negative pole faces posteriorly.
Furthermore, severity of local injury di-
rectly corresponds to the voltage of the
battery [1, 7]. Since the individual re-
sponse of the tissue to the chemical dam-
age is highly variable, perforation with
subsequent mediastinitis or fistula for-
mation into adjacent vital structures can
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Abstract
A 13-month-old infant was admitted to
hospital approximately 3 weeks after
ingestion of a button battery, which was
lodged in the esophagus and had caused
a tracheoesophageal fistula requiring
mechanical ventilation. Since the battery
had partially penetrated into the tracheal
lumen just above the carina and also was in
direct contact with the pulmonary artery,
extensive considerations regarding airway
and circulatorymanagement were required
preoperatively, which are presented and
discussed in this case report.
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Tracheoösophageale Fistel
nach Ingestion einer
Knopfbatterie bei einem
Säugling. Implikationen für
das Atemwegsmanagement

Zusammenfassung
Ein 13-monatiger Säugling stellt
sich etwa 3 Wochen nach Ingestion
einer Knopfbatterie vor, welche im
Ösophagus steckengebliebenwar und
eine tracheoösophageale Fistel mit
Beatmungspflichtigkeit verursacht hatte. Da
die Batterie die Tracheahinterwand knapp
oberhalb der Carina perforiert und zudem
unmittelbaren Kontakt zur Pulmonalarterie
hatte, waren präoperativ umfangreiche
Überlegungen zum Atemwegs- und
Kreislaufmanagement erforderlich, die in
dieser Kasuistik dargestellt und diskutiert
werden.

Schlüsselwörter
Jetventilation · Seitengetrennte Intubation ·
Kreislaufstillstand · Tiefe Hypothermie ·
Trachealchirurgie
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occur with a latency of up to 14 days [8].
Therefore, esophagealperforationshould
be ruled out on the first day (and repeat-
edly if deemed necessary) after removal
of the battery with appropriate examina-
tions, e.g. contrast esophagram or mag-
netic resonance imaging (MRI) [7, 8]. In
the low-resource setting inwhich the case
presented, the parents soughtmedical as-
sistance for their child only 3 weeks after
ingestion, when feeding disorders and
respiratory distress became unbearable.
Upon admission to a rural, primary care
center, the child was in a life-threaten-
ing condition requiring immediate trans-
fer to a large pediatric center. Based on
theradiographicandbronchoscopicfind-
ings, the need for sophisticated surgical
repair of a low tracheal lesion was highly
likely. Preoperatively, different airway
management options were discussed by
the team of anesthesiologists and cardio-
thoracic surgeons. Firstly, any type of en-
dotracheal tube inthesurgicalfieldwould
have interfered with the procedure. One
option was to place a small-bore venti-
lation catheter through the endotracheal
tube and jet-ventilate the infant. This op-
tion was considered dangerous, because
flow of 100% oxygen though the surgical
area combined with use of electrocautery
posed a fire risk. Furthermore, it was
uncertain if a 9kg infant could be suf-
ficiently oxygenated and decarboxylated
over a lengthy period by means of man-
ual jet ventilation alone. High frequency
jet ventilation was not available. A sec-
ond approach discussed was to dissect
both main bronchi and have the surgeon
intubate them separately, which is an op-
tion described for low tracheal or carinal
surgery in adults [6]. This would have
required two synchronized ventilators or
both tubes connected to one ventilator
via a Y-piece and put the child at the
subsequent risk of anastomotic leak or
bronchial strictures. This option was ve-
toed by the surgeons, however, as the
endotracheal and ventilator tubes would
have significantly interferedwith surgical
exposure. Therefore, the team elected to
performsurgeryoncardiopulmonaryby-
pass. Again, two options were discussed.
The first was to establish venoarterial
extracorporeal membrane oxygenation
through the femoral vessels. Because ad-

equate blood flow (particularly venous
drainage) is often challenging in chil-
dren <5 years of age and/or <20kg [9,
10], thoracic cannulationof the large ves-
sels through a median sternotomy was
used instead. Finally, because the bat-
tery was in tight contact with the right
pulmonary artery, thoracic cannulation
that provided the option of completely
stopping pulmonary blood flowwas con-
sidered safest. Retrospectively, perform-
ing the procedure on cardiopulmonary
bypass with thoracic cannulation was the
best decision because the aortic arch in-
terfered with the exposure of the tracheal
structures. This problem was solved by
temporarilyreducingthepumpflowfrom
100% (2.5 l/min/m2) to 10% resulting in
functional hypothermic cardiac arrest.

In summary, button battery ingestion
inaninfantresulted intracheoesophageal
fistula that required low tracheal surgery,
which presented a challenge to the entire
team in terms of surgery, airway man-
agement and perfusion strategies.
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