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Perioperative Management of Button Battery Ingestions in Children

by Monica Hoagland, MD; Sydney Yee, MD; Richard Ing, MBBCh, FCA (SA); and Debnath Chatterjee, MD, FAAP

Foreign body ingestions are common events
among pediatric patients. Button battery inges-
tions are particularly dangerous. Although the
incidence of button battery ingestions has not
changed over the last 30 years,' the rates of
emergency department visits, major morbidity,
and mortality have risen dramatically since the
introduction of the 3-volt—20 mm lithium batter-
ies in 2006 These batteries are larger and
more powerful than their predecessors, which
has increased the incidence of esophageal
impaction and significant tissue injury.2 The over-
all incidence of major morbidity or mortality after
button battery ingestion is 0.42%. However, in
children under six years old who ingest batteries
>20 mm, the rates of major complications are as
high as 12.6%.2 All reported fatalities have
occurred in children under five years old.*

The primary mechanism of injury is the gen-
eration of electrolytic current that hydrolyzes
tissue fluids and produces hydroxide ions at the
battery’s negative pole.? This creates a highly
alkaline environment that raises the local tissue
pH up to 12 or 13, leading to liquefactive necro-
sis of adjacent tissues. They may also cause
perforation and erosion into adjacent struc-
tures, including the airway, vasculature, medias-
tinal structures, or spinal cord. Most of the 67
fatalities reported to the National Capital Poison
Center are due to hemorrhage from esopha-
geal-vascular fistulae or complications of tra-
cheoesophageal fistulae.* The development of
an aorto-esophageal fistula is an ominous find-
ing, as there are only four reported cases of sur-
vival in the literature.>®

Given the potential for significant morbidity
and mortality, it is imperative to rapidly triage
and manage patients who present with a con-
firmed or suspected button battery ingestion.
Perioperative management guidelines, risk fac-

tors for significant injury, and new preoperative
mitigation strategies are of particular impor-
tance for anesthesia professionals. The
damage caused by button batteries is deter-
mined by the location and duration of impac-
tion, as well as the orientation, size, and voltage
of the button battery.%'® Esophageal battery
impactions prolong contact between the bat-
tery and esophageal tissue, increasing the risk
of damage. Tissue damage begins to develop
within 15 minutes of contact with a button bat-
tery, and the risk of severe injury increases with
the duration of button battery exposure! Com-
promised tissues may continue to have pro-
gressive liquefactive necrosis for days to weeks
after button battery removal.? Due to these
issues, the button battery must be removed via
endoscopy emergently, preferably within 2
hours of ingestion, and the patient must be
monitored postoperatively for signs of progres-
sive injury?

Unfortunately, foreign body ingestions in chil-
dren are frequently unwitnessed, and the
symptoms may easily be incorrectly attributed
to respiratory or gastrointestinal illnesses, which
significantly delays diagnosis.® Therefore, a
high index of clinical suspicion is necessary. In
addition, many parents and health care provid-
ers are unaware of the dangers of button bat-
tery ingestion and may not seek emergency
treatment Even if the patient is promptly
brought for medical care, the medical facility
may not have the pediatric specialists and
equipment required to manage the patient,
including emergency physicians, otolaryngolo-
gists, gastroenterologists, general or cardiotho-
racic surgeons, and anesthesia professionals. If
transfer to another facility is required, the bat-
tery removal will be further delayed.

Table 1: Risk Stratification for Button Battery Ingestions in Children®

High Risk
« Children <5 years old
« Battery >20-mm diameter
- Underlying esophageal pathology or stricture
«Esophageal impaction
- atthe level of the aortic arch

— with the negative pole (narrow side) facing
posteriorly

prolonged impaction
- Signs of gastrointestinal bleeding

«Esophageal

« Symptomatic gastric

Intermediate Risk Low Risk

- Children >5 years old
impaction not
meeting high-risk
criteria

- Battery <20-mm
diameter

+No history of
esophageal pathology
or stricture

« Asymptomatic gastric
button batteries

button batteries

Standardized protocols for the triage and
management of patients with suspected button
battery ingestion have been published by mul-
tiple groups.'°% The goal of these guidelines
is to identify high-risk patients and streamline
the process of removing the button battery.
Comprehensive management guidelines from
the National Capital Poison Center can be
found at www.poison.org/battery/quideline.
The initial evaluation should include x-rays of
the neck, chest, and abdomen to locate and
identify the ingested object. Any foreign body
impacted in the esophagus, symptomatic gas-
tric button batteries, and batteries that are co-
ingested with a magnet must be immediately
removed. A conservative management
approach may be taken if the child is >12 years
old, asymptomatic, with no history of esopha-
geal pathology, and with a known ingestion of a
single battery <12 mm diameter without other
foreign bodies.

Once the decision is made to proceed with
removal, a risk assessment must be performed
(Table 1). Esophageal impactions are most likely
to occur in young children (<5 years old),
patients with underlying esophageal pathology
or stricture, and after ingestion of larger batter-
ies (>20 mm diameter). In addition, impaction at
the level of the aortic arch, particularly with the
negative pole (narrow side) of the battery facing
posteriorly, increases the risk of vascular injury.
Any sign of gastrointestinal bleeding is ominous
and signals a potential vascular-esophageal fis-
tula. Patients meeting any of these criteria are
considered high risk. Those with an esopha-
geal impaction not meeting the above criteria
or a symptomatic gastric battery are deemed
intermediate risk. Finally, asymptomatic patients
and/or ingestion of small gastric batteries (<20
mm) in older children (>5 years old) with no his-
tory of esophageal pathology are low risk.®

See “Button Batteries,” Next Page


http://www.poison.org/battery/guideline
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Goal is to Remove Battery Within 2 Hours of Ingestion

From “Button Batteries,” Preceding Page

Intermediate- and low-risk patients may be
cared for in a general operating room by gastro-
enterologists with or without general surgeons
on standby. For patients at high risk, consider-
ation should be given to involving interventional
cardiologists or cardiothoracic surgeons. They
may require more invasive vascular access,
hemodynamic monitoring, volume resuscita-
tion, and blood product administration.

Detailed discussions of the anesthetic man-
agement and postoperative monitoring required
for these patients have been described in other
publications.®® The airway should be secured
by rapid sequence induction. The team must be
prepared for hemodynamic and/or respiratory
instability around the time of battery removal,
particularly if the battery has caused vascular or
airway injury. After battery removal, a repeat
endoscopy and bronchoscopy are performed
to assess the esophagus and airway for injury.

Postoperatively, the patient must be moni-
tored for progressive injury to the esophagus
and surrounding tissues. The duration and
acuity level of inpatient care depends on the ini-
tial injury seen during battery removal. Repeated

BUTTON BATTERIES

CAN BE DEADLY

WHAT iore™
BATTERY?

They are small, round, metallic batteries

WH

anesthetics may be required for serial imaging
studies and/or endoscopic evaluation.

Due to the potential for delayed button battery
removal and ongoing tissue damage, several
mitigation strategies have been investigated.
Button batteries create an alkaline environment
that ultimately leads to mucosal damage and
liquefactive necrosis.?" Studies in cadaveric
and live piglet models have demonstrated that
irrigation with weakly acidic solutions prior to
battery removal neutralizes the alkaline envi-
ronment and decreases tissue damage com-
pared to irrigation with saline.”'® These
solutions include common household bever-
ages (juice, soda, and sports drinks) as well as
viscous solutions (honey and syrup), which are
safe for a child to ingest. Honey and sucralfate
most effectively neutralize the alkaline environ-
ment created by the button battery. They are
also associated with less extensive tissue
damage and decreased rates of delayed
esophageal perforation compared to saline irri-
gation.® Both solutions are weakly acidic and
form a viscous physical barrier between the
battery and the tissue. In a separate study, irri-
gation with 0.25% acetic acid solution after
button battery removal neutralized the pH of
the esophageal tissue, which may also

ARE THEY
DANGEROUS?

The Problem

decrease the progression of tissue injury and
delayed complications seen after button bat-
tery removal”

Based on these studies, the management
guidelines from the National Capital Poison
Control Center now include recommendations
to mitigate tissue injury prior to and after button
battery removal.® Honey and/or sucralfate
should be administered orally (10 mL every 10
minutes) from the time of ingestion until button
battery removal. Due to concerns for botulism
in infants, patients <12 months old should not be
given honey. Nothing should be administered
orally if it has been >12 hours since battery
ingestion or if there are concerns for esopha-
geal perforation, mediastinitis, or sepsis. No
other medications, fluids, or foods should be
administered orally, and vomiting should not be
induced as the dislodged battery may be aspi-
rated and vomiting may cause or worsen
esophageal perforation.

It is critical to note that while these interven-
tions mitigate injury, the battery must still be
emergently removed. Parents must proceed
to the emergency department immediately,
and removal must not be delayed due to the

See “Button Batteries,” Next Page

BUTTON BATTERY
INGESTIONS

FOR THE ANESTHESIA PROVIDER

Anesthetic

Scan or Click
1

found in many common electronic devices.

H w CAN | AVOID
ACCIDENTS?
Keep new and spent

batteries out of reach of
small children.

Do not store batteries
with medications or food.

0
.-& Safely throw out used batteries.

‘ Secure and tighten all
battery compartments.

They are small and
shiny which increases
the risk of being
accidentally swallowed
by children.

They can burn through a child’s throat in
just 2 hours and cause bleeding, serious
complications, and even death.

I YOUR CHILD SWALLOWS
A BUTTON BATTERY:

Call the hotline: 1-800-498-8666.

Seek immediate medical care
at the closest hospital.

Do not induce vomiting,
or give any food or mut
drinks except honey. 3

If your child is over one year old,
give 2 teaspoons of honey, every
10 minutes, up to six times, to
coat the battery. Do not delay
medical care to get honey.

Yee ST, Hoagland MA, Ing RJ, Chatterjee D. Department of Anesthesiology, Children’s Hospital Colorado, Aurora, CO.
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12.6% of
children <6 years
old develop serious
or fatal injuries.

>3,500

injestions annually

The Mechanism

A button battery in the esophagus
generates an electric current causing
caustic injury and tissue necrosis.

Damage depends on duration of
impaction, location, size, and voltage.

Death is most commonly due to
hemorrhage from an aortoesophageal
fistula.

High-Risk Patients

- Age < 5 years

- Battery >20 mm

- Prior bleed

- Negative pole or narrow side facing
posteriorly

- Impacted at the level of the aorta

education » research  patient safety

Considerations

Extraction is urgent.
Do not wait for symptoms.
Goal is removal within

2 hours.

Do not delay for NPO time.
Patients may have received
honey or sucralfate to
minimize tissue damage.

Consider appropriate staff,
equipment, and location for
battery removal.

Assess risk factors for
bleeding. Prepare for
instability and blood loss.

Patient may require
inpatient monitoring and
repeat procedures.

P
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Figure 1: Infographics describing the management of button battery ingestions for both parents (1a) and anesthesia providers (1b). Used with permission obtained by authors.
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Dangers of Button Battery Ingestion Are Under-Appreciated by Parents

From “Button Batteries,” Preceding Page

patient’s oral intake. After the battery is
removed and there is no evidence of perfora-
tion, the esophagus may be irrigated with
0.25% acetic acid solution (50-150mL) to neu-
tralize residual alkaline substances.

In conclusion, the dangers of button battery
ingestions and the need for emergent battery
removal are underappreciated by many parents
and medical providers. Further, many clinicians
are unaware of the current recommendations
for mitigation strategies, and anesthesia
professionals may inappropriately delay cases
for patients who have recently ingested honey
or sucralfate Our group at Children’s Hospital
Colorado created infographics for both parents
(Image 1a) and anesthesia professionals (Image
1b) to address these issues. It is our hope that
these infographics can be displayed in a variety
of settings, such as in medical offices, on
medical websites geared toward parents, and
in medical journals, to help increase awareness
of these recommendations. These infographics
can be accessed on the Society for Pediatric
Anesthesia website (www.pedsanesthesia.org).
Although primary prevention of ingestion is the
ultimate management goal, it is also important
to publicize treatment guidelines to help
decrease the serious and potentially fatal
outcomes seen after button battery ingestions.
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