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Abstract

Button batteries (BB) are found in common household items and can lead to signifi-

cant morbidity and mortality in the pediatric population when ingested. BBs are made

of various chemistries and have a unique size and shape that yield significant injury

when lodged in the pediatric esophagus. BBs create a local tissue pH environment of

10 to 13 and can induce liquefactive necrosis at the negative pole. This initial injury

can progress with further tissue breakdown even after removal. Unfortunately,

patients may present with vague symptoms similar to viral illnesses and there is not

always a known history of ingestion. Plain film X-ray can be diagnostic. Exposure can

lead to caustic injury within 2 hours. Thus, timely endoscopic removal is the mainstay

of treatment. Novel mitigation and neutralization strategies have been implemented

into treatment guidelines. These include the preremoval ingestion of honey or suc-

ralfate and intraoperative irrigation with acetic acid. Depending on the severity of

injury following removal, careful consideration should be given for potential delayed

complications including fistulization into major vessels which often leads to death.

The National Button Battery Taskforce and several industry members have

implemented prevention strategies such as educational safety outreach campaigns,

child-resistant packaging changes, and warning labels. Governmental regulation and

industry changes are key to limit not only the amount of BB ingestions, but also the

devastating consequences that can result. Anonymous reporting of BB injuries

through the Global Injury Research Collaborative has been made convenient and cen-

tralized through the advent of a user-friendly smartphone iOS/App Store and

Android/GooglePlay application called the “GIRC App”; all specialists who manage

foreign body cases should contribute their cases to help prevent future injuries. BB

ingestion must be recognized and treated promptly using a multidisciplinary approach

to optimize outcomes for these patients. Ultimately, a safer BB technology is critically

needed to reduce or eliminate the severe and life-threatening injuries in children.
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1 | INTRODUCTION

Button battery (BB) ingestion is an important topic of concern for

many medical professionals who may commonly encounter these

patients in practice. Although a majority of ingestions occur in the

pediatric population, an extensive analysis of over 8000 patients rev-

ealed approximately 1600 adult ingestions from 1990 to 2008.1

Therefore, current review of this topic is relevant to both pediatric

and adult health care professionals. The provider must quickly recog-

nize and appropriately manage BB aspiration, ingestion, or insertion to

prevent severe complications that may arise as a result of prolonged

exposure. In addition, providers should be aware of the latest addi-

tions to the treatment guidelines including mitigation and neutraliza-

tion strategies based on the latest available data. Smaller BBs can also

be inserted into the nasal cavity, ear canal, or aspirated into the tra-

cheobronchial tree which can lead to morbidities such as nasal septal

or tympanic membrane perforations and airway obstruction issues.

In addition, severe esophageal injuries and death have been reported

with both lithium and non-lithium BB. This topic has also been pres-

ented in detail for emergency medicine providers.2 For the purposes

of this review, we will focus on the most relevant current manage-

ment information for those medical professionals who manage these

cases. This article provides an overview on BB ingestion, aspiration,

and insertion, summarizes the latest management guidelines, and dis-

cusses the latest innovations in BB injury prevention.

1.1 | Historical context and timeline

BBs trace their history to as early as 1945, when Ruben and Mallory

who founded the original company that eventually went on to

become Duracell invented the zinc-mercuric oxide alkaline button-

type cell.3 As BBs were introduced into mainstream culture over the

next several decades, more and more BB injuries were noted prompt-

ing a need for systematic tracking and guidance. In 1982, the National

Battery Ingestion Hotline (NBIH) was formed through the National

Capital Poison Center (NCPC) as a 24/7 hotline. Health care providers

or the public with suspected BB injuries are able to call

1-800-498-8666 for assistance. The data that has been collected and

published since its inception has informed clinical triage, treatment

algorithms, and prevention strategies. In 2018, the NBIH was eventu-

ally transitioned to the Rocky Mountain Poison Center. BB injury sta-

tistics and treatment algorithms can be found at www.poison.org/

battery.4

In 1983, a year after formation of the NBIH, the U.S. Consumer

Product Safety Commission (CPSC) issued a warning on BBs.5 After

several decades of extensive BB injury, outcomes data collection and

analysis by the NBIH and NCPC,4,6 and publication of a comprehen-

sive review of over 8000 cases in the journal Pediatrics,1 a group of

physicians presented the concerning information on BB injuries to the

CPSC in March 2011.7 Just a few months later in June, S. 1165, the

Button Cell Battery Safety Act of 2011 was introduced to the

U.S. Senate. This legislation aimed to enforce BB industry safety

standards by mandating child-resistant packaging and consumer warn-

ings with CPSC regulation.8 The legislation was not enacted by Con-

gress despite in-person lobbying efforts by multiple pediatric

otolaryngologists. In 2012, the Centers for Disease Control published

an extensive report highlighting a 2.5-fold increase in battery-related

injuries in children <13 years old from 1995 to 2010, citing over

20 000 children treated in Emergency Departments (EDs) for BB inju-

ries.9 Also in 2012, the National Button Battery Task Force (BBTF)

was formed through the American Academy of Pediatrics (AAP) and

the American Broncho-Esophagological Association with the following

mission statement10:

A collaborative effort of representatives from relevant

organizations in industry, medicine, public health, and

government to develop, coordinate, and implement

strategies to reduce the incidence of button battery

injuries in children.

Importantly, the BBTF has for several years employed a multi-

disciplinary approach to education, research collaboration, data collec-

tion and analysis, management algorithms and practice guideline

development and dissemination, governmental advocacy, industry

standard development, and hazard elimination which has resulted in

numerous meaningful changes to minimize the risk of BB ingestion

injuries. The work completed by the BBTF has also resulted in several

national and international awards.11,12 A central tenet of the BBTF is

that consumers including parents and childcare providers must be

aware of the hazard to help with primary prevention of the injuries.

1.2 | BBs: What are they?

BBs are disc-shaped metallic objects with similar appearance to coins

and can become lodged in the pediatric esophagus leading to signifi-

cant injury given their unique size, shape, and chemical properties

F IGURE 1 As shown, button batteries can vary significantly in
shape, size, chemistry, and voltage (1.5-3 V). Reproduced with
permission from K. R. Jatana
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(Figure 1).11 The most commonly ingested lithium BB imprint code is

the CR 2032.11 “CR” refers to the chemical identification for lithium/

manganese dioxide and “2032” refers to a diameter of 20 mm and a

thickness of 3.2 mm. Lithium is popular due to its ability to store 3 V,

long shelf life, and largest capacitance relative to size.13,14 As a result,

the 20-mm diameter lithium BB has become increasingly prevalent in

the marketplace. When this battery is ingested, the size of the BB can

predispose to esophageal impaction and the effects of lithium can

lead to significant caustic injury to surrounding tissues and serious

complications. Thus, there has been an increase in severity of BB

ingestion injuries thought to be related to this spike in lithium, larger

diameter BBs.1,11,15 Other common BB chemistries include alkaline,

zinc air, and silver oxide. Smaller diameter, lower voltage, and non-

lithium BBs can also contribute to similar types of severe injury and

death,16,17 but at a slightly slower rate.15,18 Diameter is not absolute,

as even new smaller lithium 12.5-mm BBs have been lodged in the

esophagus of an otherwise healthy 2.5-year-old girl with no underly-

ing esophageal pathology.19

1.3 | BBs: Where are they found?

BBs are found in a wide range of common household electronic

devices which poses a risk of BB injury to many children with access

to these items. In a large retrospective analysis of over 8000 battery

ingestion cases from the NBIH data, the most common intended use

of ingested batteries was hearing aid or cochlear implant at 36.3%

followed by game/toy, watch, calculator, flashlight or other similar

small light source, remote control, and key chain. Although rare, even

unexpected items such as toothbrush, lighted shoe, bookmark, and

thermometer have been implicated in BB ingestion.1 Table 1 high-

lights the most common items associated with BB ingestion, overall

for both nonlithium and lithium types. More recent data on intended

use of ingested 20-mm lithium BBs analyzed from 2014 to 2016

revealed the most common product sources were remote controls

(25.0%), lights (14.7%), and candles (14.0%), Table 2.12 In children

<6 years of age, 61.8% of batteries were obtained directly from a

product, 29.8% were loose, and 8.2% were obtained directly from bat-

tery packaging. Of all ingestions, 15.5% occurred in the elderly with

batteries mostly intended for hearing aids that were mistaken for

pills.1

1.4 | Epidemiology

Annually, it is estimated children ingest 70 000 foreign bodies (FB).20

In the United States, approximately 3500 known BB ingestions occur

each year.6,10 In one large retrospective NCPC study, children under

the age of 6 years comprised 62.5% of BB injuries and the greatest

frequency occurred in toddlers age 1 to 3 years.1 A more recent anal-

ysis showed over 75% of BB ingestions occurred in children under

6 years and confirmed toddlers as the most vulnerable population.21

Although the number of FB ingestions in children under 6 years

increased approximately 92% from 1995 to 2015, the incidence of BB

ingestion as a percentage of all FB ingestions disproportionately

increased from 0.14% to 8.4%, with nearly 10% requiring hospitaliza-

tion.22 Importantly, this population appears to be especially vulnerable

to more severe complications.15 Figure 2 summarizes national data on

moderate, major, or fatal outcomes associated with BB ingestion.

Data from the U.S. National Electronic Injury Surveillance Sys-

tem analyzed from 1990 to 2009 have shown an increasing inci-

dence of ED visits related to BB ingestions, reporting a child may

present to the ED with a BB every 3 hours.23 This trend has also

been shown in analysis of French ED visits from 1999 to 2015.24

With increasing incidence of BB ingestion, especially in the young

population, an increase in morbidity and severe mortality is

expected. Numerous reports have confirmed increasing incidence

of the severity of BB ingestions.9,15,24 This is likely attributed to an

increase in more technologically advanced electronics in the

household over the past two decades combined with the increase

in production of the larger-diameter, 3-V lithium batteries in the

marketplace.11,15,25

According to the NCPC large retrospective study, an alarming

12.6% of children younger than 6 years who ingested a 20-mm diame-

ter lithium BB developed a major complication such as esophageal per-

foration or stricture, tracheoesophageal fistula, fistulization into major

vessels, vocal cord paresis and paralysis, or spondylodiscitis.1 Since

1977, there have been at least 65 fatalities associated with BB inges-

tion. All of the reported fatalities occurred in patients ≤4 years of age.26

Younger children are at greatest risk given smaller size of the pediatric

esophagus trapping FBs as they explore new objects with their mouths

which can lead to devastating consequences. Especially concerning is

that 56.2% of the major outcome cases associated with BB injuries were

unwitnessed.15 In addition, the prevalence of these injuries is very likely

to be underreported.27,28 Therefore, review of the epidemiologic data

highlights the importance of BB ingestion as an increasingly important

and severe topic in health care, especially in the pediatric population.

TABLE 1 Most common intended use of both nonlithium and
lithium of ingested button batteries in a National Battery Ingestion
Hotline review of 8648 cases1

Intended use %

Hearing aid or cochlear implant 36.27

Game or toy 22.07

Watch 11.12

Calculator 5.74

Small light source 4.59

Remote control 2.87

Key chain 2.40

Clock/watch/timer 1.79

Jewelry 1.74

Unknown 19.4

Note: Other identified objects include: candle, camera, pen, toothbrush,

dog collar, music/video player, thermometer, exercise equipment, greeting

card, medical equipment, ornament, clothing.
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1.5 | Impact of COVID-19 Pandemic

During the COVID-19 pandemic with school closures mandating vir-

tual home education, children have spent more time in the home set-

ting. The Regina Margherita Children's Hospital in Italy did a

retrospective study of foreign body ingestions during February 24 to

April 24, 2020, comparing this to the same time period the prior 4

years. This went from 0-3 battery ingestion cases in this time period

annually in 2016-2019, to 9 cases in the same period in 2020; this

was a statistically significant increase (p < 0.001).29 A recent report

from the U.S. CPSC demonstrated a 93% increase in battery related

emergency room visits during March to September 2020 compared to

TABLE 2 Intended use of ingested “20-mm diameter lithium button batteries,” National Battery Ingestion Hotline, July 2016 to June 2018

Intended use Frequency Percent (%) Valid percent (%)

Remote control (garage door openers, TV, media) 39 17.6 30.5

Game/toy 22 10.0 17.2

Watch 14 6.3 10.9

Light

Booklight (1), hat light (2), flashlight (2), headlamp (3),

other (3)

11 5.0 8.6

Miscellaneous

Glasses (3), locator (2), camera (1), computer (1),

metronome (1), other (2)

10 4.5 7.8

Scale 7 3.2 5.5

Candle (flameless, tea) 7 3.2 5.5

Car remote, key fob 5 2.3 3.9

Meters/gauges/tools/medical devices 4 1.8 3.1

Thermometer 3 1.4 2.3

Accessories or clothing (flashing/musical) 2 0.9 1.6

Alarm 1 0.5 0.8

Calculator 1 0.5 0.8

Clock/timer 1 0.5 0.8

Music/media player 1 0.5 0.8

Unknown 93 42.1

Total 221 100.0 100.0

Source: Adapted with permission from Dr T. Litovitz, National Capital Poison Center, https://www.poison.org/battery/stats.

F IGURE 2 National data
from the National Capital Poison
Center on reported button

battery ingestions with moderate,
major, or fatal outcomes.
Reproduced with permission
from T. Litovitz
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same time period, in 2019 in children ages 5-9.30 This was mostly

related to battery ingestion but also cases of insertion into the ear or

nose. This is quite concerning and demonstrates that this age group is

also at risk.

1.6 | Mechanism of injury

The esophagus contains anatomically narrowed regions more likely to

harbor BB impaction, most commonly at the level of the thoracic

inlet.31 Although new BBs are 3.2 times more likely to produce a clini-

cally significant outcome of tissue damage than used BBs, any BB

with a residual charge of at least 1.2 V has the ability to cause tissue

damage.11 Thus, even “dead” or “spent” BB unable to power electron-

ics have enough retained capacitance to cause significant injury. A

multitude of factors contribute to BB damage including the duration

and location of the impaction, the size, orientation, and voltage of the

BB, the size of the esophagus, and any potential underlying esopha-

geal pathology of the patient.32

Previous theories have posited that BB tissue damage occurs sec-

ondary to pressure injury, leakage of toxic contents, and electrolysis of

water. However, studies have consistently shown that the primary

mechanism of tissue injury is the electrolysis and production of hydrox-

ide ions.18,33 The electrical potential of BBs induces an isothermic

water hydrolysis reaction at the junction of the BB negative pole and

generation of hydroxide ions caused by the current created through

the adjacent tissue, which essentially “connects the circuit” between

the two poles of the BB. The accumulation of hydroxide ions rapidly

increases the surrounding tissue environment to a local tissue pH of

12 to 13. This highly alkaline environment then creates an ensuing

liquefactive necrosis which can results in deep tissue caustic injury.

The positive pole induces a focal acidic environment and coagulative

necrosis, limiting depth of tissue injury. Lithium cells contain only a

mildly irritating organic electrolyte and do not contain an alkaline elec-

trolyte. Although initially considered, leakage of alkaline electrolyte,

pressure necrosis, and systemic heavy metal or lithium poisoning are

no longer considered to be significant factors in BB injury.11,18

BBs can induce initial visible injury in as early as 15 minutes if

lodged in the esophagus and serious injury can occur in as little as

2 hours.18,34 When comparing chemistries, cadaveric porcine esopha-

geal studies revealed that the most rapid induction of injury occurred

with lithium BBs followed by alkaline and silver oxide which required

2 to 4 hours longer to induce the same amount of damage. Though

lithium BBs tend to have higher voltage, alkaline and silver oxide BB

also created environments that reached a pH of 12, although at a

slower rate. Interestingly, the aqueous, saliva-rich environment of the

esophagus appears to block any oxygen from entering the zinc air BB,

reducing the chance of esophageal injury.18

Even after BB removal, tissue injury may progress if the site is not

irrigated and the alkaline tissue environment is not neutralized. Jatana

et al conducted several studies that demonstrated pH neutralization

decreases tissue damage and halts eschar formation. In an initial

experiment using the porcine model, irrigation of the esophagus with

an impacted BB every 5 minutes with acidic liquids such as cola,

lemon, and orange juice demonstrated limited tissue damage to vari-

ous degrees.18 Then, using both in vitro cadaveric and in vivo porcine

models, piglets were randomized to receive 10 mL of honey, suc-

ralfate (Carafate), or saline 10 minutes after BB placement in the

esophagus and every 10 minutes thereafter. Honey is a palatable, vis-

cous weak acid found in most households and sucralfate is a cherry-

flavored weakly acidic suspension with mucosal protective effects

found in hospitals as it is used to treat ulcers. The honey and suc-

ralfate appeared to form a physical barrier between the BB and sur-

rounding tissue, neutralized the esophageal tissue, and reduced

esophageal burns. One week after ingestion, half of the saline control

group developed esophageal perforations whereas none of the piglets

treated with honey and sucralfate developed perforations.35 Irrigation

of the alkaline tissue with 50 to 150 mL of 0.25% sterile acetic acid

after BB removal was proposed to prevent delayed injury. A recent

study using a cadaveric goat model also found a statistically significant

reduction in mucosal injury with the application of honey compared

with BBs alone. Progression of the injury was further diminished with

the application of acetic acid after BB removal.36 Despite a longstanding

belief that neutralization causes thermal injury and thus should be

avoided, porcine and goat experiments demonstrated minimal increase in

esophageal temperature (0�C-3�C) and no thermal injury.35,36

This neutralization strategy was then applied clinically in a series

of six pediatric patients who received 0.25% sterile acetic acid irriga-

tion following BB removal. All patients were reported to have

improved mucosal appearance, and none developed esophageal per-

foration or stricture. This positive outcome was thought to be second-

ary to immediate pH neutralization and prevention of alkaline-induced

liquefactive necrosis19 As a result of these experiments, recent

changes to the NCPC treatment algorithm guidelines were made.37

In one notable case, a 15-month-old boy ingested two 3-V lithium

BBs that became lodged in the upper esophagus. The authors describe

a “macaroon sign” on radiographic imaging with the two BBs parallel

to one another with positive poles facing each other. The negative

poles were thus facing outwards toward the esophageal tissue creat-

ing a circumferential injury. Eight hours after ingestion, the BBs were

removed endoscopically and 100 mL of 0.25% acetic acid was used to

neutralize the tissue. The patient subsequently recovered with a sig-

nificantly better clinical outcome than predicted without development

of stricture which the authors attribute to neutralization.38

2 | CLINICAL CONSIDERATIONS

2.1 | Presentation

When BB ingestion is known, it is important to obtain a thorough his-

tory including information regarding battery type, charge state, num-

ber of batteries ingested, time of ingestion, magnet co-ingestion, and

any history of esophageal pathology or previous surgery. Unfortu-

nately, many BB ingestions are unwitnessed and this information is

unknown.15 Furthermore, symptoms associated with BB ingestions
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are often vague and present similarly to common viral respiratory or

gastrointestinal illnesses.39,40 Finally, a majority of severe outcomes

occur with unwitnessed ingestion and patients are often asymptom-

atic until a complication occurs.24,41 Thus, the clinician is often pres-

ented with a challenging scenario and must rely on astute clinical

investigation and radiographic imaging to obtain the diagnosis.

The frequency of symptoms appears to vary by study, with one study

reporting that the most common symptoms associated with BB ingestion

are dysphagia, fever, and cough40 and another reporting vomiting, diffi-

culty feeding, and cough.39 Infants and toddlers may also present with irri-

tability, anorexia, dyspnea, and drooling, whereas older children may be

able to localize symptoms such as throat, chest, or abdominal pain or may

be able to give FB ingestion history.40 However, these symptoms are not

obligatory, can vary by age, and are nonspecific.26,39,40 The NCPC guide-

lines suggest consideration of BB ingestion with airway obstruction or

wheezing, drooling, vomiting, chest discomfort, difficulty swallowing,

decreased appetite, refusal to eat, coughing, choking, or gagging with eat-

ing or drinking.37 Patients may also be asymptomatic and clinically stable.

Thus, clinicians must maintain a high index of suspicion.

Although rare, BBs can also be aspirated into the tracheobronchial

tree. Only three cases have been reported in the literature and included

symptoms such as cough, vomiting, diarrhea, fever, shortness of breath,

and respiratory distress.42–44 In one case, a 4-year-old boy was initially

diagnosed with viral illness and subsequently developed right lobar

pneumonia. Several days later, endoscopic removal revealed an 8-mm

corroded BB in the right mainstem bronchus.44 Recent in vitro porcine

studies demonstrated tracheobronchial cartilage damage within 4 hours

and significant necrosis of surrounding tissues in 12 hours, highlighting

the need for prompt diagnosis and treatment.45

In addition, smaller BBs have the unique ability to be inserted into

a nasal cavity or ear canal which may be suspected in patients with

fever or blood-tinged, purulent, or foul-smelling discharge. Patients

with nasal cavity BB insertions may also present with rhinorrhea, nasal

obstruction, epistaxis, facial swelling or periorbital cellulitis, and

patients with ear canal BBs may present with ear pain or similarly to

otitis externa. Nasal or ear canal BB insertions can lead to significant

morbidity such as nasal septal perforations (Figure 3) or tympanic

membrane perforations via a similar mechanism to BB ingestion.33

2.2 | Diagnosis

2.2.1 | Imaging

Diagnosis should be obtained without delay to expedite treatment and

minimize morbidity and mortality. As previously mentioned, radiographic

imaging is an essential tool in the prompt diagnosis of BB ingestion given

that BB ingestions are often unwitnessed and present with vague symp-

toms. If there is a known BB ingestion, X-ray should be obtained in all

patients except those who are greater than 12 years old, asymptomatic,

and the BB is known to be smaller than 12 mm.37 Chest XR with both

anterior-posterior (AP) and lateral views should be obtained immediately

in all other patients with suspected or known BB ingestion to determine

if present and the anatomic location. As BBs are round, opaque FBs with

a similar radiographic appearance to coins, providers should use magnifi-

cation to “zoom in” and assess for the classic “double ring” or “halo” sign
in the AP view and “step-off” in the lateral view (Figure 4).46 Notably,

the AP view is most reliable as some slimmer BBs on lateral view do not

have a classic “step-off” appearance, or the film may not be precisely

perpendicular to the plane of the BB.11

The negative pole yields the most severe tissue damage and thus,

identifying its orientation can be important to predict which structures

are at risk for injury and development of complications. The 3N's is a

simple mnemonic that has been proposed to remind clinicians where to

anticipate the most damage, “Negative-Narrow-Necrotic” (Figure 5)

referring to the negative BB pole orientation identified as the narrowest

side on lateral chest XR causes the most severe necrotic injury.11,15,37 If

unknown, the BB diameter can also be determined radiographically after

F IGURE 3 Nasal septal perforation from nasal cavity button battery (BB) insertion in a 4-year-old child. Upon endoscopic examination following
removal, a nasal septal perforation was identified, A. The BB was nonlithium alkaline LR44, B. Reproduced with permission from K. R. Jatana
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factoring out magnification which overestimates diameter.37 A retro-

spective review of 139 patients from a pediatric tertiary care center

from 2017 to 2019 with suspected coin vs BB ingestion revealed that

combined history and radiologic diagnosis yielded a sensitivity of near

100%. For diagnosis with radiology alone, the negative predictive value

and accuracy were 97% and 81%, respectively.47 If metallic nasal cavity

or ear canal FBs is present, XR imaging can be obtained to further eluci-

date if the metallic BB is present.

2.3 | Potential role of novel metal detector

Given the extremely high prevalence of pediatric patients who pre-

sent with nonspecific symptoms of viral illness, there appears to be a

role for a universal triage screening tool to minimize the amount of

XRs obtained in the health care system. A specialized handheld metal

detector device used for detection of BBs would increase efficiency

and safety while minimizing radiation exposure (Figure 6). At this time,

readily available metal detectors do not contain the sensitivity or

specificity to perform this function. A novel device that could accu-

rately screen children for BB or coin ingestion in the primary care,

urgent care, or emergency room setting is currently under develop-

ment and seeking an industry partner.

2.4 | Complications

It is important to predict, promptly detect, and treat potential severe

complications that may be associated with BB ingestions. Reported

complications include esophageal stenosis or perforation, mediastinitis,

tracheoesophageal fistula (Figure 7), vocal cord paresis and paralysis,

spondylodiscitis, intestinal perforation with peritonitis, cardiovascular

and respiratory failure, pneumothorax, pneumoperitoneum, anterior

spinal artery syndrome with bilateral lower extremity paralysis, vascular

fistula leading to hemorrhage, and death.24,26,48 According to the

NCPC, 251 nonfatal BB ingestion cases with severe esophageal or air-

way injury have been reported.49 Importantly, complications often pre-

sent in a delayed fashion with bleeding events reported weeks after BB

removal.1,24,50 Other complications such as esophageal stricture and

perforation, spondylodiscitis, and tracheoesophageal fistula have been

reported to present weeks to months later with some cases as late as

6 to 8 months following BB ingestion.24,49 In a recent retrospective

review of 189 patients, 2% developed acute esophageal perforation

<24 hours after BB ingestion with the earliest reported between

11 and 17 hours. The authors report very low likelihood of esophageal

F IGURE 4 On radiographs, button batteries have a double-ring or
halo appearance, A. In contrast, coins have a homogenous
appearance, B. Reproduced with permission from K. R. Jatana

F IGURE 5 The narrow side of the button battery is the negative
pole. It produces hydroxide ions and thus causes the most severe
tissue damage. This can be remembered by the 3N's mnemonic:
“Negative-Narrow-Necrotic”

F IGURE 6 Coin-battery detector (patent pending) that could be
developed for quicker identification and management of battery
ingestions
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perforation within 12 hours, and 66.4% evident by 9 days.51 Patients

with severe complications may also require gastrostomy tube place-

ment, tracheostomy placement, parenteral nutrition, intubation, and

extracorporeal membrane oxygenation.24,48

Of the 65 reported BB ingestion fatalities, a majority occurs sec-

ondary to vascular-esophageal fistula resulting in massive hemorrhage

and exsanguination. Many children with reported fatalities initially

had very little tissue damage reported upon removal but developed

catastrophic consequences likely due to the persistent alkaline envi-

ronment inducing further liquefactive necrosis.26 A key presenting

symptom in these patients is hematemesis and clinicians must evalu-

ate this further in patients with a history of BB ingestion at risk for

delayed aortoesophageal fistula (AEF). AEF is nearly always fatal with

only six reported cases of survival after BB ingestion, all of whom

were 3 years of age or younger, had hematemesis after removal, and

for the most part, had unknown duration of BB exposure.52–56 In one

large retrospective study, the cause of death was unknown in over

half of the fatalities associated with BB ingestion with the remaining

deaths attributed to arterial fistulization and bronchopneumonia.21

Fatalities related to gastric BBs are exceedingly rare, and likely related

to esophageal injury in transit.57

As discussed, symptoms of BB ingestion are nonspecific and can

easily be attributed to viral or bacterial infections. Unfortunately, sev-

eral patients with BB ingestion-related fatalities were initially misdi-

agnosed.26 Reported symptoms that could indicate development of

severe complications in addition to those mentioned earlier include

hematemesis, melena, sialorrhea, stridor, and aphasia.24 In addition,

several factors have been shown to predict long-term complications

of BB ingestion; these include the esophageal location and orientation

of the BB negative pole, the anatomic location of the most severe

esophageal injury, the estimated duration of impaction, and the prop-

erties of the specific battery.58 Clinicians should utilize these predic-

tive factors to stratify their management and follow-up plans.

3 | MANAGEMENT

3.1 | Guidelines

The latest NCPC guidelines for BB ingestion can be reviewed at:

www.poison.org/battery/guideline.37 Recent additions regarding

preremoval mitigation and intraoperative neutralization strategies

F IGURE 7 Tracheoesophageal fistula in 17-month-old girl following button battery (BB) ingestion. The corroded BB was identified,
A. Circumferential severe esophageal injury was identified on rigid esophagoscopy, B. Bronchoscopy revealed a posterior tracheal wall injury
consistent with a tracheoesophageal fistula, C. Reproduced with permission from K. R. Jatana
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have been added to the guidelines to reflect the most updated litera-

ture supporting their use.18,19,35 Table 3 summarizes considerations

before, during, and after removal for BB ingestion. Figure 8 demon-

strates the comprehensive NCPC triage and treatment algorithm for

BB ingestion.

3.2 | Time to removal

BB ingestion can cause a rapid, destructive injury requiring the clini-

cian to act quickly for diagnosis and intervention. Given that serious

caustic injury can occur in as quickly as 2 hours, there exists only a

small window for a child to present to the ED or Urgent Care, undergo

diagnosis with XR, be transported to the operating room (OR), and

undergo BB removal. A Clinical Pediatric Emergency Medicine review

currently in press discusses BB ingestion and encourages prompt tri-

age and disposition by ED providers to expedite care.2 Russell et al

demonstrated that the use of a trauma 1 activation led to significantly

shorter times to evaluation and BB removal for patients with

suspected BB ingestion. The mean time from facility arrival to OR was

33 minutes vs 183 minutes for the trauma 1 activation group vs the

standard emergency room triage group.59 The American College of

Surgeons has also investigated time from XR diagnosis of esophageal

BB cases to OR through the National Surgical Quality Improvement

Program Pediatric (ACS-NSQIP P) Process Measure. For participating

centers, these national data can be used for centers to compare to

other similar institutions and make center-specific quality

improvements.

3.3 | Initial management

As with any pediatric FB case, the patient must first be stabilized

appropriately. However, the emphasis in BB ingestion cases should be

on mitigating tissue damage and prompt removal. Patient should

remain nil per os (NPO) until esophageal position is ruled out via XR

other than consumption of honey or sucralfate if indicated. When pos-

sible, knowing the imprint code or diameter from a companion or

replacement BB, battery packaging, or product instructions can be

helpful. A U.S. penny (19 mm) or nickel (21 mm) can be used as a ref-

erence to estimate diameter. Hearing aid BBs can be assumed to be

<12 mm. The NBIH should also be consulted at 1-800-498-8666 for

assistance with BB identification and treatment. Vomiting should not

be induced and the use of ipecac, chelation, cathartics, polyethylene

glycol electrolyte solution, or laxatives are not recommended. Serum

assays for BB ingredients or mercury are not recommended.

Patients who are asymptomatic, >12 years of age with known iso-

lated BB ingestion of ≤12 mm diameter, have no preexisting esopha-

geal disease and have a reliable caregiver can be observed at home

with regular diet and encouraged activity, with consideration of XR if

BB passage has not been confirmed by stool inspection in 10 to

14 days. In all other patients, immediate XR of the abdomen, esopha-

gus, and neck should be obtained to locate the BB. Notably, BBs

above the range of the XR have been missed in the past. AP and lat-

eral views should be closely viewed, assessing for the classic “double
rim,” “halo,” and “step-off” signs and the orientation of the negative

pole (Negative-Narrow-Necrotic). XR should not be delayed until after

the onset of symptoms as injury can occur in as quickly as 2 hours. A

TABLE 3 Considerations for esophageal button batteries (BBs): before removal, during removal in the operating room, and after removal

Pre-removal At home and during transport: 10 mL (two teaspoons) honey every 10 min until arrive at hospital. Avoid honey in children <1-year-old.

In hospital or clinical setting: 10 mL (two teaspoons) sucralfate (Carafate) every 10 min until BB removal can occur. This can be

initiated even before X-ray confirmation for witnessed or highly suspected ingestions.

Up to six doses in prehospital setting and three additional doses in clinical setting are recommended by National Capital Poison

Center (NCPC) guidelines; providers should use clinical judgment for giving additional doses if going to be further delay (ie,

prolonged transport to a different facility).

Warning: These are mitigation strategies and not a substitute for prompt esophageal BB removal.

Removal Esophageal BB is an acute surgical emergency, proceed to operating room regardless of nil per os (NPO) status.

Anesthesia: Rapid sequence induction.

Endoscopic approach with direct visualization is preferred with either flexible or rigid esophagoscopy.

Consider direct laryngoscopy and bronchoscopy to evaluate for laryngotracheal airway injury (existing or developing trachea-

esophageal fistula), especially in cases where negative pole faces anterior direction (BB step-off anterior).

Consider general potential acute complications such as esophageal perforation, tracheoesophageal fistula, vocal cord paresis or

paralysis, proximity to major vascular structures (arterial fistula).

If no visible esophageal perforation exists, perform endoscopic irrigation of site of tissue injury using 50-150 mL of 0.25% sterile

acetic acid while simultaneously suctioning excess irrigation.

If suspect perforation or severe circumferential injury present, consider nasogastric tube placement while in the operating room (OR).

Post-removal Remember tissue injury may progress after BB removal.

Consider esophagram to rule out perforation prior to starting oral intake.

Consider contrast imaging of chest (MRI, CTA) if severe injury exists and to assess for proximity to major vascular structures (i.e.

aorta, etc)

Monitor for potential delayed complications: esophageal perforation, tracheoesophageal fistula, aortoesophageal fistula, vocal cord

paresis or paralysis, mediastinitis, spondylodiscitis or esophageal stricture. These BB complications can sometimes present days to

weeks later.

Consider need for serial imaging, endoscopy, or stool guaiac tests.
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multidisciplinary approach is often required and involving the appro-

priate teams early is critical.

3.4 | Pre-removal mitigation strategies

If lithium BB ingestion is known or suspected within the prior

12 hours and the child is ≥12 months, 10 mL (2 teaspoons) of

commercial honey should be given by mouth (PO) every 10 minutes

immediately and en route to the ED for up to 6 doses. Alterna-

tively, sucralfate (Carafate suspension, 1 g/10 mL) can be adminis-

tered with the same dosing and frequency. These efforts can start

after arrival until XR can be obtained. An additional three doses

can be given from the time of XR confirmation of BB lodged in

esophagus until sedation is given for endoscopy. Children

<12 months of age should not be administered honey or sucralfate.

F IGURE 8 National Capital Poison Center Ingestion Button Battery Triage and Treatment guideline. Reproduced with permission from
T. Litovitz
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These strategies should be avoided if the BB was in place for over

12 hours as the risk of esophageal perforation increases after this

time period.51 Transportation to the ED should not be delayed to

give honey.37

3.5 | Anesthetic considerations

BB removal should occur without delay to minimize tissue damage

and potential complications. Standard NPO guidelines should not

be followed as the risk of ongoing BB esophageal injury is thought

to significantly outweigh the risk of pulmonary aspiration. Rapid

sequence induction and intubation are recommended.32 Patients

can also be stratified into severe, intermediate, or low risk based

on age, BB size, location of BB impaction, symptoms, and history

of esophageal pathology. This risk stratification should determine

the specialization of the OR, availability of specialists,

intraoperative monitoring, and postoperative level of care.60 Blood

product administration should be available if needed based on clini-

cal concern. The anesthesia guidelines have been updated to

accommodate the latest NCPC guidelines.32 When evidence of sig-

nificant hematemesis or hemoptysis is present preoperatively, early

involvement of cardio-thoracic surgery and cardiopulmonary

bypass/ECMO (extracorporeal membrane oxygenation) team may

be life-saving. In these cases, doing the BB removal in a specialized

cardiac OR setting with all relevant teams immediately available is

an important consideration.

3.6 | Removal in OR

For BB removal, emergent endoscopic approach with direct visualiza-

tion is preferred to allow for tissue injury inspection and identification

of position and orientation of the BB. Other methods, such as

retrieval by balloon catheter, magnet affixed to tube, or fluoroscopic

removal are not recommended. The BB should be removed carefully

with optical graspers.11,37 Both flexible and rigid esophagoscopy have

been used with success and having both available may be beneficial if

an initial removal attempt fails.48,61

After removal, mucosa should be inspected for extent, depth,

and location of tissue damage. The orientation of the negative pole

should be identified to determine structures at risk for further injury

and subsequent complications. Excessive manipulation of the BB,

may induce esophageal perforation and should be avoided. If there is

no endoscopic evidence of perforation, the area should be irrigated

with 50 to 150 mL sterile 0.25% acetic acid to neutralize the alkaline

environment followed by endoscopic removal of excess fluid and

debris.37 Concurrent direct laryngoscopy and bronchoscopy should

be considered to evaluate for airway injury, especially when the neg-

ative pole of BB is facing anteriorly. If moderate to severe esopha-

geal injury is present, a soft nasogastric feeding tube may be placed

under direct visualization for esophageal rest and enteral nutrition

while awaiting an esophagram.

3.7 | Gastric BB and beyond

If the BB is found to be lodged in the esophagus, immediate removal is

warranted. If the BB is found to be in the stomach or beyond and a mag-

net was co-ingested, removal should be performed endoscopically ideally

and if required, surgically. Certain patients with gastric BB or beyond

may be observed if they are asymptomatic, >6 years of age, and the BB

was <15 mm. Symptomatic patients or those with BBs that remain in the

stomach 4 days postingestion should undergo removal. Ultimately, the

decision requires evaluation in a case-by-case basis taking into account

ingestion timing and risk factor stratification (potential for in-transit

esophageal injury that needs to be endoscopically assessed), such as in

higher-risk patients ≤5 years of age or with BB size ≥20 mm.32,37,57,62

3.8 | Nasal or ear canal BB

Prompt removal of the BB from the nasal cavity or ear canal should be

performed either at bedside in the urgent care or ED setting, clinic, or

in the OR under general anesthesia depending on age, cooperation,

and available resources. At this time, preremoval mitigation strategies

do not apply to nasal or ear canal BB.

3.9 | Tracheobronchial BB

BB aspiration leading to airway FBs should be emergently removed

using direct laryngoscopy and bronchoscopy in the OR. Preremoval

mitigation strategies do not apply to airway BBs.

3.10 | Post-removal

If mucosal injury was present following BB removal from the esopha-

gus, patients must be observed for delayed complications such as

tracheoesophageal fistula, esophageal stricture or perforation, media-

stinitis, vocal cord paralysis, tracheal stenosis or tracheomalacia,

empyema, lung abscess, pneumothorax, spondylodiscitis, or exsangui-

nation from large vessel fistula. A contrast esophagram can be

obtained to rule out perforation. Based on severity and location of the

injury, as well as battery position and orientation, and using previously

reported predictive factors,58 the length of observation, duration of

esophageal rest, need for serial imaging or additional endoscopy can

be individualized for each patient.

Patients at risk for vascular fistulas should be followed closely as

inpatients with serial imaging and stool guaiac tests. If any concerns

regarding possible AEF develop, early involvement of the pediatric

and cardiothoracic surgery teams is essential to prevent fatality.

Tracheoesophageal fistula and esophageal stricture or perforation can

present weeks to months later with delayed respiratory and

swallowing symptoms requiring further investigation. Awake flexible

laryngoscopy should be performed for any voice changes, stridor, or

aspiration with consideration of laryngeal electromyography (EMG).
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Contrasted computerized tomography (CT) or magnetic resonance

imaging (MRI) can be used to evaluate for mediastinitis and proximity

of inflammation to blood vessels. MRI may be warranted to rule out

spondylodiscitis in patients who develop neck stiffness who had a

posterior-facing BB-negative pole. Following discharge, repeat

esophagram or endoscopic evaluation should be scheduled for surveil-

lance with sooner evaluation warranted for more severe injuries.11,37

4 | PREVENTION

4.1 | Awareness/outreach

Increasing awareness is vital for consumers and caregivers as they are

unable to protect their children if they are not effectively made aware

of the hazards associated with BBs. A simple and effective way to pre-

vent BB ingestion injuries is to implore caregivers to ensure items

with BBs are made inaccessible to children. In 2011, Energizer and

Safe Kids Worldwide started the Battery Controlled public awareness

campaign to inform caregivers of the risks of BB ingestion via media

and community outreach. In February 2020, the AAP and National

BBTF organized a national “Day of Action” during which medical pro-

fessionals used the hashtag #ButtonUpBatteries to unify and share

BB information on social media. These platforms allow for rapid and

widespread dissemination of knowledge to the public and to health

professionals who may care for these patients. In addition, members

of National BBTF have attended numerous society meetings and con-

ferences to educate medical professionals on this topic.11

4.2 | Reporting

To improve ease, access, and detail associated with reporting FB

cases, a nonprofit 501(c)(3), Global Injury Research Collaborative

(GIRC, www.globalirc.org), provides free access to injury reporting

apps designed for medical professionals. In the App Store and

GooglePlay as “GIRC App” can be used by various health care team

members to efficiently collect pertinent FB injury information

(Figure 9). In a recent survey administered to 400+ physicians who

managed over 32 000 pediatric FB injuries, only 11% of BB and 4% of

overall FB injury cases were reported to an existing data source. In

addition, 92% of respondents stated they would contribute more to

injury statistics if it were more convenient, thus highlighting the need

for better reporting mechanisms.27 With the “GIRC App,” a more

modern, user-friendly method of reporting is now accessible for free

download via the App Store and Google Play. Reporting includes FB

picture, dimensions, location, hazard severity, and patient follow-up

and should take medical professionals less than 2 minutes to enter rel-

evant injury data. This unique combination of data are not captured

through other injury databases anywhere in the world. Trainees,

including residents and fellows can participate in this effort. Since no

personal health information is requested, the information is Health

Insurance Portability and Accountability Act (HIPAA) compliant and

submitted reports are deidentified from user.63

4.3 | Role of industry

Major BB industrial companies such as Energizer and Duracell have

implemented several modifications to minimize the risk of BB injury

in children. For example, they have added child-resistant double

packaging which requires use of scissors to remove the initial packing

layer as well as warning label stickers to keep BBs away from chil-

dren.64–66

More recently, Duracell has released three lithium BBs (CR2016,

CR2025, CR2032) with a nontoxic bitter coating designed to try to

help prevent accidental ingestions in children.66,67 This is an applica-

tion of a taste deterrent on the BB that, to our knowledge, has not

been previously reported in the medical literature. As younger chil-

dren are often most vulnerable to severe complications, taste aver-

sion provides a possible prevention tool. However, it is still

unknown what injury prevention impact this will have on BB inges-

tions given bitterants have not always prevented ingestion of other

hazards.68–70

4.4 | Safety standards

BB injury risks can be mitigated with universal safety standards for

industry. Organizations such as the American National Standards Insti-

tute and Underwriters Laboratories (UL) have outlined standards such

as UL60065 and UL4200A which require two or more simultaneous

independent movements, or the use of a tool to open lithium BB com-

partments.71 In 2017, the U.S. CPSC enacted a mandatory standard

by updating ASTM F963-17, the standard consumer safety specifica-

tion for toy safety to include use of warning labels and instructions

informing consumers of BB risks for BB-requiring toys intended for

F IGURE 9 The Global Injury Research Collaborative smartphone
application (“GIRC App”) provides an efficient, secure way for
providers to report their foreign body injury cases (www.globalirc.
org). This centralized database can help to prevent future injuries. It is
available for no charge to medical professionals, both on the App
Store (iOS) and GooglePlay (Android). Search “GIRC App,” download,
and register to start reporting injuries
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children <14 years old as well as new testing requirements.72 Unfortu-

nately, these “child-resistant” standards do not extend to the many

other BB-containing household items that pose a significant risk for

injury to children.

4.5 | Advocacy

Despite lobbying efforts by several pediatric otolaryngologists and

members of the National BBTF, legislation that would have provided

regulations for the BB industry failed to be enacted in 2012.8 Today,

medical professionals on the National BBTF continue to encourage

lawmakers to reconsider formal legislation to minimize BB injuries.

All providers who care for these patients are well-suited to play a

key role in the lobby process and opportunities are continually avail-

able to participate; these medical specialists can be advocates for

injury prevention by reporting each BB injury case they see to the

GIRC App.

4.6 | Safer BB technology

Primary prevention of BB injuries by modifying the BB design to be

safer would prove most effective in eliminating the BB ingestion haz-

ard. Studies have shown that quantum tunneling composite-coated

batteries conduct energy in high pressure powered electronics but

not in low pressure settings such as the pediatric esophagus. This can

prevent the hydrolysis reaction and subsequent liquefactive tissue

necrosis.73 Introduction of this coating provided a promising founda-

tion for manufacturers to explore and adopt BB design alteration to

try to prevent injuries. Landsdowne Labs LLC (https://www.

landsdownelabs.com) is a leader in this space, dedicated to innovating

a safer BB design to reduce the hazard severity with its ChildLokTM

technology. The development of a novel BB design that reduces or

eliminates the severe injuries seen in children is critical for a long-term

solution.

4.7 | Future considerations

Other potential opportunities for BB injury prevention include the

development of similar standards for nonlithium as exist for lithium BB.

Active warning labels on all products that contain BBs, child-resistant

packaging for products. A salivary amylase-activated dye coating could

stain the lips and mouth with a designated color. Appearance of this

color could prompt caregivers to seek emergent medical evaluation and

could minimize duration of exposure.11

5 | CONCLUSION

BBs are commonly found in many household items and present a

severe risk of injury to children upon ingestion. When lodged in the

esophagus, BBs induce an alkaline reaction in as little as 2 hours that

can lead to caustic injury. The mechanism is related to liquefactive

necrosis and can occur even after removal resulting in delayed, severe

morbidity and mortality. Diagnosis is challenging as BB ingestion is

often unwitnessed and patients present with vague symptoms. Treat-

ment involves prompt endoscopic removal. Mitigation strategies with

pre-removal use of honey and sucralfate and intraoperative use of

acetic acid irrigations are new additions to the management guidelines

aimed at neutralizing the pH and preventing propagation of tissue

damage. Numerous prevention efforts have been implemented to

minimize BB injury and are continually ongoing. It is important that

medical professionals who manage these cases consistently report the

relevant details of these injuries. Ultimately, reduction in esophageal

BB hazard severity through innovation can help prevent morbidity

and mortality in children.
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