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Esophageal Retained Lithium Battery in

Children Younger than 6 Years
A Prompt Structured Multidisciplinary Approach Is Essential
to Reduce Long-Term Consequences
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Objectives: Disk battery esophageal retention in children younger than
6 years represents an increasing endoscopic emergency, followed by a rel-
evant risk of life-threatening late complications. Surgical removal after a
failed endoscopic approach is rarely reported in the literature. We describe
our experience in this scenario.

Methods: Two female asymptomatic patients aged 26 and 29 months pre-
sented within 4 hours after a witnessed ingestion of a 2-cm, 3-V lithium
battery (CR2032) retained in the cervical esophagus. Both patients
underwent a prolonged unsuccessful emergent endoscopic removal with a
flexible instrument performed by an adult gastroenterologist. Both batteries
fused with the esophageal wall were extracted through a longitudinal left
cervical esophagotomy combined with minimal resection of necrotic tis-
sues and repaired over a 12F feeding tube.

Results: Patients were extubated after 12 and 72 hours, respectively. Con-
trast study was performed after 20 and 13 days, respectively, before re-
suming oral feeding. At endoscopy, the first patient developed a 3-cm-long
severe esophageal stenosis (35th day), followed by an asymptomatic
tracheoesophageal fistula (60th day), which was conservatively treated.
After spontaneous resolution of the tracheoesophageal fistula, esopha-
geal stenosis progressed, partially responsive to esophageal stenting.
Short esophagectomy is under evaluation. The second patient developed
an asymptomatic limited stenosis, not requiring dilatation.
Conclusions: The emergent management of lithium battery ingestion
needs a structured timely multidisciplinary approach in the emergency
department, an experienced pediatric endoscopist, and a simultaneous
engagement of pediatric surgical expertise, even in patients who do not
show bleeding, to reduce esophageal exposure time to high-voltage current
released by batteries, which represents the main factor conditioning tissue
damage and prognosis.
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emergency, followed by a relevant risk of life-threatening
complications.' To date, 59 deaths in children younger than
6 years who underwent battery ingestion have been reported
worldwide from 1977, mainly related to LB.* The causal mecha-
nism of death in at least 36 children was massive bleeding from
aortoesophageal fistula® or fistulae with other major vessels of
the mediastinum,® followed by esophageal perforation (10 cases)
or tracheoesophageal fistula (TEF; 9 cases). In the same period,
231 cases with severe esophageal or airway injury are reported.’
The severity of injury depends on battery type, size, voltage, loca-
tion, and duration of close contact with the mucosa. The most im-
portant lesion mechanism consists of the electrical generation of
caustic hydroxide ions at the negative pole proportional to the bat-
tery voltage. Tanaka et al,® in an animal canine model, demon-
strated that sodium hydroxide is produced much more rapidly
with LB (3 V) than with other button cells because the amount
of alkali produced in tissue is proportional to the electric current
produced, and the same amount of current is produced more rap-
idly with the higher-voltage lithium cell.

The recent and increased use of the more powerful LB has
increased the risk of significant tissue damage, which can oc-
cur after just 2 hours, from their lodgment in the esophagus
in small children.’

In this dramatic scenario, endoscopic removal of LB retained
in the esophagus of small children represents a frequently success-
ful endoscopic emergency to be performed as soon as possible,
under safety conditions.

The role of surgery after ingestion of LB is mainly reported
as an emergent attempt in patients presenting with massive
bleeding'®!% or for the treatment of complications such as esoph-
ageal perforation,'® TEF,'*!® or esophageal stenosis, whereas sur-
gical successful removal of batteries after a failed endoscopic
approach is not reported in the literature.

We report 2 cases of surgical approach to LBs retained in the
esophagus after a failed prolonged attempt of endoscopic removal,
describing postoperative management and outcomes.

METHODS

The medical records of 2 consecutive female patients aged
26 and 29 months, respectively, presented in our department from
October 2015 to October 2016 within 4 hours after a witnessed in-
gestion of a 2-cm, 3-V LB (CR2032) retained in the cervical
esophagus were reviewed. Both patients underwent a prolonged
unsuccessful emergent endoscopic removal with a flexible instru-
ment, followed by a successful extraction through a longitudinal
left cervical esophagotomy combined with minimal resection of
necrotic tissues. The postoperative management and outcomes
are reported.
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RESULTS
Case 1

A 26-month-old female patient was sent to our department
from a surrounding hospital 2% hours after a witnessed ingestion
ofa2-cm, 3-V LB (CR2032), which was changed from the televi-
sion remote controller by her father 4 days ahead. The patient
underwent a cervicothoracic x-ray assessment that returned the
presence of a large button battery with a “halo sign” retained in
the cervical esophagus. Before sending the patient to our hospital,
where pediatric endoscopic and surgical expertise is present, the
doctors of the accepting emergency department (ED) expected
the blood tests to return from the laboratory. A total of 4 hours
passed between ingestion of LB and delivery of the baby. In our
hospital during the night, with the baby intubated, an emergent en-
doscopy with an 8-mm flexible instrument was performed by the
adult gastroenterologist on call, in the operating room, in the pres-
ence of the pediatric surgeon on duty. An unsuccessful endoscopic
removal of the LB using different endoscopic retrieval instruments
was attempted for 1 hour, but the battery was literally fused with
necrotic esophageal wall on his negative pole (Fig. 1A); thus,
any further attempt was considered at risk. At this time, using a left
lower cervical approach, a 3-cm-long longitudinal esophagotomy
was performed where transmural full-thickness esophageal
necrosis was found at the level of the left common carotid artery
that was adherent to necrotic tissues but apparently not involved
(Fig. 1B). After retrieving the intact battery, the necrotic esophageal
wall was partially removed and the controlateral esophageal
mucosa was inspected, evidencing a 360-degree mucosal burns.
The esophageal wall was repaired over a 12F polyurethane
feeding tube and a Penrose drain was left in periesophageal
space. The patient was transferred intubated in the pediatric
intensive unit, where therapy with proton-pump inhibitors and
antibiotic was started. The patient was extubated the afternoon

after surgery, after a contrast-enhanced computed tomographic
scan demonstrating the absence of evolution of the vascular
involvement. A swallow contrast study was performed after
20 days, before considering to resuming oral feeding, returning
the absence of contrast extravasation but evidencing an
esophageal stenosis at the level of esophagotomy. After further
2 weeks (35th postoperative day), the endoscopic evaluation
confirmed the presence of a 3-cm-long severe esophageal
stenosis, but tissues consistence was considered inadequate to
perform a dilatation safely. A 12F polyurethane feeding was still
left in site for enteral nutrition, which was well tolerated. A
second endoscopy (60th postoperative day) with radiologic
evaluation of the stenosis returned the suspicion of a TEF, which
was confirmed at tracheoscopy (Fig. 1C). Considering the
absence of symptoms related to the TEF, a conservative treatment
was attempted: the stenosis was not dilated and a 12F feeding
tube was left still in site. After 4 weeks, the TEF evolved to a
spontaneous resolution, endoscopically documented, whereas
the esophageal stenosis worsened, allowing nothing but the
passage of an 8F feeding tube under direct vision. At this time,
considered the freshly resolved TEF, esophageal dilatation was
still considered at risk for TEF recurrence or esophageal rupture
and postplaced. After a few days, the girl removed accidentally
the probe. An attempt to reinsert the feeding tube under direct
endoscopic vision failed, because of the progression of the
stenosis that made the esophageal lumen virtual (Fig. 1D). After
a limited longitudinal mucosal incision on the posterior
esophageal wall with precut endoscopic needle, a progressive
esophageal dilatation with Savary-Gilliards dilators was
performed that allowed for the positioning of a first custom
dynamic stent,'® left in site for 4 months, obtaining an adequate
esophageal caliber. After relapse of the esophageal stenosis, a
second dynamic stent was positioned, followed by a cycle of
successful progressive esophageal dilatation with Savary-Gilliards

FIGURE 1. A, Endoscopic view of the LB in the cervical esophagus adjacent to necrotic tissue of the esophageal wall. B, Through a basal
transverse left cervicothomy, the whole-thickness necrotic esophagus adjacent to the left common carotid artery is opened and the DB
extracted. C, Tracheoscopic view of the TEF. D, Severe esophageal stenosis with virtual lumen 3 months postoperatively.
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dilators until reaching the goal to accommodate a 16F feeding
tube. At the time of writing, the patient has a stricture 0.5 cm in
length and she is able to assume a creamy diet, integrated with a
gastric feeding through the tube. Because of the level of the
stricture, just below the pharyngoesophageal junction, further
attempts of conservative stricture management have been
scheduled, avoiding surgery.

Case 2

A 24-month-old girl came to our hospital after 2 hours from a
witnessed ingestion of a foreign body taken from a basket of used
batteries. Thoracoabdominal x-rays evidenced the presence of a
lower cervical foreign body with a “halo sign,” compatible with
a 2-cm, 3-V LB (CR2032) (Fig. 2A). Within 1 hour, the patient
underwent an unsuccessful attempt of endoscopic removal with
a flexible instrument, performed by the adult gastroenterologist
on call, in the operating room under general anesthesia. At this
time, with a left lower cervical approach, a 2-cm-long longitudinal
esophagotomy was performed on the esophageal wall, not
transmurally necrotic, at the level of left common carotid artery,
which was apparently not involved (Fig. 2B). After retrieving
the intact battery, the esophageal mucosa was inspected,
evidencing a mucosal edema. The esophageal wall was repaired
over a 12F polyurethane feeding tube and a Penrose drain was
left in periesophageal space. The patient was transferred intubated

in the pediatric intensive unit where therapy with proton-pump
inhibitors and antibiotic was started. In the first postoperative day,
a contrast-enhanced computed tomographic scan excluded any
progression of tissue damage. The patient was extubated after
72 hours. A contrast study, performed 13 days after surgery
(Fig. 2C), excluded esophageal perforation or TEF, allowing for
a gradual introduction of liquid oral feeding. An endoscopic control
was performed at 1 and 4 months postoperatively. returning an
asymptomatic limited stenosis, not requiring dilatation (Fig. 2D).
One year after surgery, the patient is asymptomatic, at full diet.

DISCUSSION

In most cases, battery ingestion does not result in any or mi-
nor sequelae for the health of affected children. However, despite a
moderate decrease in the overall rate of ingestion in the last de-
cade (from 12 to <10.5 cases per million population), in the same
period, a linear increase of major or fatal outcomes has been reg-
istered (from 0.4% to 1% of patients).'” These data are derived
from the increased use of large-diameter button batteries, espe-
cially 20-mm diameter high-voltage LB, that are demonstrated
to severely damage the esophageal wall within a very limited time
of contact with mucosa (<2 hours from ingestion).

If we look at monocentric'! or large epidemiological series,*
the percentage of fatal cases is around 20% to 25% of the entire
cohort of patients at risk for severe effects. These data indicate that

N

FIGURE 2. A, Radiologic anteroposterior view of the DB retained at the cervical level, with the classical peripheral double rim. B, The DB
retained in the cervical esophagus during surgical extraction. C, Contrast-enhanced radiographic esophagram at the 14th postoperative
day demonstrating a limited esophageal stenosis without evidence of esophageal perforation or TEF. D, Endoscopic view of the esophageal
hyperemic mucosa 4 months postoperatively.
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an essential effort has to be made to rapidly identify and ade-
quately treat the limited number of children with high risk of
esophageal, vascular, or airways damage. Children younger than
6 years who ingested high-voltage button batteries of at least
20 mm are particularly at risk, mainly in case of unwitnessed in-
gestion with battery permanence in the esophagus lasting more
than 2 hours.'®!° Our 2 patients presented with many of the pre-
viously cited risk factors: small age, high-voltage large-diameter
LB, and prolonged contact time with esophageal mucosa.
According with the European Society of Gastrointestinal
Endoscopy—European Society for Paediatric Gastroenterology
Hepatology and Nutrition guidelines,?® emergent removal
(<2 hours) of the retained disk battery (DB) is the goal of the
acute phase after the radiologic highlighting of the battery posi-
tion. This goal can be accomplished through different methods,
such as endoscopic removal, balloon extraction with fluoroscopy,
and esophageal bougienage, with the endoscopic approach to be
preferred for its safety and completeness of derivable information,
being the only one method that, under direct vision, can return the
extent of mucosal damage. Whenever possible, the intervention of
an endoscopist with adequate pediatric expertise coming from
different subspecialties (pediatric surgeon, otolaryngologist,
or gastroenterologist, depending on the center policy) should
be obtained. Regarding the type of endoscopic instrument to pre-
fer, the pediatric literature do not show any significant differences
among rigid and flexible endoscopies in terms of the efficacy of

esophageal foreign body retrieval in children,?** but any of the
articles available in literature refers only to the specific situation
of DB esophageal retention.

In our 2 cases, a prolonged attempt of endoscopic removal
was performed by experienced adult gastroenterologists on call
with flexible instruments that failed to detach the DB from the
esophageal mucosa. On the base of subsequent surgical finding
of batteries fused with esophageal wall, we could only speculate
that, in these specific cases, a rigid endoscope would not have
added any advantage in terms of effectiveness; rather, it would
have increased the risk of esophageal perforation.

Success rate of endoscopic approach has been reported as
high as 98% to 100% of cases of foreign bodies retained in the
esophagus of small children,®* with very few cases requiring a
surgical removal,?! but to the best of our knowledge, this event
has never been described for DB presenting without massive or
sentinel bleeding, such as in our 2 cases.

Some authors, on the basis of the high risk of mortality, agree
to advocate a contemporary emergent cardiothoracovascular sur-
gical approach performed by the general (pediatric) surgeon or
cardiovascular (pediatric) surgeon, possibly combined with intra-
operative endoscopy, in cases of documented DB ingestion
retained in the esophagus presenting at the ED with clinical signs
of vascular fistula (sentinel or massive bleeding).**>* We agree
not only that, under these life-threatening circumstances, the pres-
ence of a surgeon in the management protocol is recommended,

*Suspect DB ingestion in children with unwitnessed ingestion presenting with one

DB ingestion known OR suspected*

of the i (other than
- airway obstruction or wheezing

- drooling

- chest discomfort

If patient seen in ED of hospital
without pediatric endoscopic

IN CHILDREN AGED < 6 YEARS
WITHOUT EVIDENT BLEEDING

!
'

- difficult swallowing, decreased appetite, refusal to eat
- coughing, choking or gagging with eating or drinking

Keep the child fasting until X-rays has been performed

Perform IMMEDIATE x-rays
(cervico-thoraco-abdominal)

To determine Localization, Morphology and Diameter of DB

Trauma | Triage protocol
Full Trauma Team response:
anesthesiologist, endoscopist (gastroenterologist, ENT, surgeon, depending on Center policy)
general surgeon or CV surgeon

!

Perform emergent (flexible or rigid) esophagoscopy in OR with surgeon assisting
the procedure

Evaluate esophageal mucosa damage (extent, depth, position of the negative pole)
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esophageal ulceration
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v '

and surgical expertise, transfer NO
within 1 hour to the adequate | g—— YES — DB in esophagus ? _—
di / L L (gastric or intestinal)
surrounding Level | Trauma Note that in this position DB can cause
Center, previously identified significant damage within 2 hours of
permanence, particularly those with large
l diameter (220mm) and high voltage (3V)

Patient symptomatic?
YES < > NO

- Remove endoscopically gastric DB

- Remove surgically intestinal DB if
patients present occult or visible rectal
bleeding, severe abdominal pain,
peritonitis.

- Discharge home the patient

- Perform X-rays 4 days post-ingestion if
large diameter DB (sooner if symptoms
develop)

- Remove endoscopically DB persistently

into the stomach

Remove DB Stop endoscopy — convert to surgery
endoscopically Cervical or thoracic surgical removal of DB

#Delayed complications include:
- Tracheo-esophageal fistula
- Esophageal perforation

v !

- Mediastinitis

Rx-esophagogram
(prior to resume oral
feeding)

Keep the patient intubated for at least 24-48 hours

surrounding tissues
Rx-esophagogram (prior to resume oral feeding)

endoscopic findings)

Angio-CT scan within 24 hours to evaluate progression of damage to

Anticipatory management of delayed complications# (based on

- Vocal cord paralysis

- Tracheal stenosis / tracheomalacia

- Aspiration pneumonia

- Lung abscess

- Pneumothorax

- Spondylodiscitis

- Exsanguination from perforation into large vessels

FIGURE 3. Proposed DB management algorithm for children presenting without a sign of bleeding.
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but also that an emergent surgical approach is a priority over the
endoscopic removal of the retained DB.

The protocols used by the aforementioned authors differ
when patients present at the ED without a sign of vascular fistula,
such as in our 2 cases. Brumbaugh et al** do not take into consid-
eration a surgical presence during the endoscopic maneuver, un-
less for immediate rigid esophagoscopy where significant
esophageal edema makes flexible endoscopy battery removal im-
possible. Barabino et al,?* in case of DB incarcerated in the esoph-
ageal wall with endoscopic finding of severe and deep ulceration
of the esophageal wall, suggest a surgical cervical or thoracotomic
approach combined with the endoscopic removal of the DB, thus
preventing uncontrollable fatal bleeding.

In the 2 reported patients from our experience, both present-
ing without a sign of bleeding, the presence of pediatric surgeons
assisting live the endoscopic maneuver made a direct multidisci-
plinary evaluation of the mucosal damage possible, suggesting
in a shared way not to proceed further with endoscopic attempt
and to immediately convert to a surgical successful approach.
The latter certainly resulted in a partial resection of necrotic
esophageal wall which ultimately contributed, together with the
tissue damage induced by the LB, to the following esophageal ste-
nosis. However, the decision to proceed surgically was at that
point the only effective method to prevent the progression of ne-
crosis to the surrounding vascular structures.

We agree with Barabino et al that, under these circumstances
at high risk of severe short-term or midterm complications, a sur-
gical presence in the operating room during endoscopy is essential
to offer the child the maximal chance of safe management. What
is stated is particularly sensible in children at major risk
(age <6 years, large-diameter high-voltage DB, battery persistence
in the esophagus lasting >2 hours), for whom a specific manage-
ment protocol is proposed (Fig. 3).

Epidemiological data and our experience put the spotlight on
2 essential aspects of the urgent management of these cases in
the ED:

1. The absolute need to promptly send the patient to the operating
room to perform the endoscopic removal attempt, to be carried
out as soon as possible. For this purpose, Russell and col-
leagues® clearly demonstrated that, in their level I trauma cen-
ter, the activation of an immediate full trauma team response
(trauma I triage protocol) is useful to reduce the risk of compli-
cations in patients at risk. A trauma I triage protocol entails im-
mediate notification of the pediatric trauma team, the
anesthesia team, the radiology technician, and the operating
room charge nurse of the arrival of trauma patients to the ED.
This allows for immediate response of the pediatric trauma
surgeon and/or endoscopist and immediate confirmation of
the presence and site of battery by imaging. Availability of
an operating room for potential operative intervention is
also secured.

2. The opportunity to guarantee the patient the assistance of a
multidisciplinary team that can manage urgently both the endo-
scopic priority and any surgical requirement. We are well aware
of the limitations imposed by an approach requiring the simul-
taneous presence of endoscopic and surgical expertise, particu-
larly in trauma centers other than level 1. However, the duty to
prevent severe damages in selected pediatric cases and the pos-
sibility of a surgical procedure after endoscopy should be well
known. This knowledge should direct the protocols of ED
when facing a child with documented DB ingestion belonging
to categories at high risk to rapidly address the patient to the
more adequate level I trauma referral center, previously identi-
fied, reachable within a reasonable time frame of no more than

© 2018 The Author(s). Published by Wolters Kluwer Health, Inc.

1 hour, with which a transfer agreement was found. Any at-
tempt at endoscopic or fluoroscopic removal of large DB
retained in the cervical esophagus should absolutely be avoided
if there is no adequate pediatric surgical expertise in the hospi-
tal, also in case without sentinel or massive bleeding.

In conclusion, the emergent management of LB ingestion
needs a structured timely multidisciplinary approach beginning
from the ED, an endoscopist with pediatric experience, and a si-
multaneous engagement of pediatric surgical expertise, to reduce
esophageal exposure time to high-voltage current released by bat-
teries, which represents the main factor conditioning tissue dam-
age and prognosis.
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