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Abstract

Background and Aims: Removal of gastric button batteries (BBs) remains controversial. Our
aim was to better define the spectrum of injury and to characterize clinical factors associated with
injury from retained gastric BBs.

Methods: Multicenter retrospective cohort study from January 2014 through May 2018. Pediatric
gastroenterologists from 4 pediatric tertiary care centers identified patients, aged 0 to 18 years,
who had a retained gastric BB on radiography and subsequently underwent endoscopic
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assessment. Demographic and clinical information were abstracted from electronic health records
using a standard data collection form.

Results: Sixty-eight patients with a median age of 2.5 years underwent endoscopic retrieval of a
gastric BB. At presentation, 17 (25%) were symptomatic. Duration from ingestion to endoscopic
removal was known for 65 patients (median [IQR]: 9 hours [5-19 hours]). Median time from
ingestion to first radiographic evaluation was 2 hours. At endoscopic removal, 60% of cases had
visual evidence of mucosal damage, which correlated with duration of BB retention (p=0.0018).
Time to retrieval of the BB was not statistically significant between symptomatic and
asymptomatic subjects (p=0.12). After adjusting for age and symptoms, the likelihood of
visualizing gastric damage among patients who had BBs removed after 12 postingestion hours was
4.5 times that compared with those with BB removal within 12 hours of ingestion.

Conclusions: In this study, swallowed BBs posed a risk of damage to the stomach, including a
single case of impaction and perforation of the gastric wall. Clinicians may want to consider
retrieval within 12 hours of ingestion of gastric BBs. Larger prospective studies to assess risk of
injury are needed.

Introduction

Button battery ingestions (BBIs) are associated with significant morbidity and mortality in
the pediatric population. Ingested button batteries (BBs) lodged in the upper airway or
esophagus can cause significant harm including tracheoesophageal fistulas®,
aortoesophageal fistulas,?3 and death?. When lodged in the esophagus, tissue damage,
which is the result of isothermic hydrolysis leading to tissue necrosis, can be noted within as
little as 2 hours*®. Per expert consensus and National Capital Poison Center guidelines,
prompt evaluation and management of these ingestions is universally
recommended?-6.Although BBIs are typically thought of as threatening to the esophagus and
surrounding structures including the trachea and aorta, few case reports and studies have
described gastric damage from BBIs. Gastric BBs are generally thought to be less damaging
due to the larger stomach size, increased thickness, and decreased number of closely
associated anatomic structures. Timing, urgency, and indication for removal of a BB beyond
the lower esophageal sphincter have been controversial.

There is no universal recommendation for retained BBs beyond the lower esophageal
sphincter, specifically in the stomach. A clinical report from the North American Society for
Pediatric Gastroenterology, Hepatology, and Nutrition (NASPGHAN) recommends
emergent removal of all esophageal BBs. However, per this report, removal of a gastric BB
remains controversial and is left at the discretion of the treating physician. Observation alone
is recommended for cases in which gastric BBIs present within 2 hours, if the battery is <20
mm, and when the child is =5 years of age®. The National Capital Poison Center has a
published algorithm most recently revised in June 2018, which recommends observation
alone for asymptomatic gastric BBIs regardless of the age of the patient or size of the
battery. If the battery is <12 mm or the patient is >12 years of age, the patient can be
managed at home and BB passage should be confirmed in the stool. Imaging can be repeated
in 10 to 14 days if confirmation cannot be made. If patients become symptomatic later, then
prompt endoscopic removal is recommended, even if symptoms are minor, unless it is
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beyond the reach of an endoscope, in which case surgical removal should be performed. If
the battery is =15 mm and the child is <6 years old, then a repeat radiograph should be done
4 days after ingestion (sooner if symptomatic) and removed endoscopically*78. In the
United States, data from the Poison Control Center show that the incidence of moderate to
severe morbidity and mortality from BBIs is on the rise Recent data evaluating foreign
body ingestions of children treated in the United States from 1995 to 2015 reveal a 150-fold
increase in rate of ingestion of batteries during the study period®. Of these battery ingestions,
85.9% were BBs. An increased incidence of fatality and debilitating injury secondary to BBI
is likely due to the advent and increased use of inexpensive, high-voltage lithium batteries as
power sources in electronics, toys, and commonly used household products?.

In this study, we describe a series of pediatric BBIs with gastric retention and subsequent
removal or attempted removal after radiographic imaging revealing BB retention in the
stomach. Through this data set from a large multicenter collaboration, we aim to better
define the spectrum of injury associated with retained gastric BB and characterize clinical
factors associated with gastric injury in BBI. We hypothesize that gastric BBIs do lead to
gastric injury more than previously understood, which potentially can have an impact on
future management of gastric BBIs.

Patients and Methods

We performed a multicenter retrospective study at 4 tertiary care centers from January 2014
through May 2018 with Institutional Review Board approval from each individual site. This
time frame was determined based on the availability of electronic medical records at all the
participating institutions. Chart review identified cases of endoscopic removal of gastric BBs
in patients between 0 and 18 years of age. Cases were identified from the following tertiary
care institutions: Children’s Hospital of Colorado (Aurora, Colorado, USA), Cincinnati
Children’s Hospital Medical Center (Cincinnati, Ohio, USA), Johns Hopkins All Children’s
Hospital Florida (St. Petersburg, Florida, USA) and Texas Children’s Hospital (Houston,
Texas, USA). Study sites are all large referral centers with high capacity ranging from 250 to
800 pediatric beds. These sites were selected based on prior collaborative efforts. Patients
were initially identified based on diagnosis codes and then further selected via chart review
by gastroenterologists at participating institutions. Patients were included if they had a
retained gastric BB on radiographic imaging and subsequently underwent endoscopic
assessment by either pediatric gastroenterologists or surgeons at the participating
institutions. To minimize selection bias, all cases discovered during chart review were
included; no cases were excluded. Electronic Health Records (EHRs) and EHR-generated
trauma databases were queried for pertinent real-language terms, CPT codes, or diagnosis
codes to identify all patients, depending on the institution. Cases were subsequently
confirmed by chart review. Demographic and clinical information were abstracted from
electronic health records using a standard data collection form. Data gathered included age,
sex, weight, comorbidities, and presenting symptoms at the time of evaluation. Data on
timing of imaging studies and time to BB extraction as well as modality of extraction were
also reported. Type and size of the battery were included in the data collection form along
with analysis of adverse events after BB removal. Battery sizes were estimated based upon
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measurements of batteries after endoscopic retrieval if available; otherwise, they were
estimated from measurements on radiographs.

Continuous variables were summarized using median and range or interquartile range (IQR)
and compared between children with and those without gastric damage using the Wilcoxon
Rank sum test. Categorical variables were summarized using percentage and compared
between the groups using the Chi square test for association. To further explore factors
associated with gastric damage, logistic regression analysis was conducted where time-to-
endoscopy intervention and age of patient were treated either as continuous or dichotomous
variables. Candidate factors entered into the multivariate analysis were determined based on
their Pvaluesfrom univariate analysis (ie, < .15) and clinical relevance. Backward
selection method was used to determine the best multiple regression model with < .05 as
criterion for a predictor to stay in the final model. The Pvalues for the univariate statistical
tests are not corrected for multiple testing because those tests were taken as exploratory. The
subsequent multivariable logistic regression analysis was considered the main definitive
result as it determined those variables independently associated with the occurrence of
gastric injury after adjusting for the contributions of the other variables in the model. Other
statistical results are secondary, to be taken as descriptive only, and not requiring correction
of their Pvalues for multiple testing. As sensitivity analysis, institution as the dummy
variable was adjusted in the above mention logistic regression analysis where Firth-type
penalized likelihood was used. These sensitivity analyses produced consistent results with
those analyses not adjusted for institution effect. A 2-tailed distribution with A< .05 was
considered statistically significant. SAS 9.4 (SAS Institute Inc, Cary, NC, USA) was used
for analysis.

We identified 68 patients from 4 participating institutions who underwent endoscopic
retrieval of gastric BBs (Table 1). Of these, 42 (65%) were male with a median age of 2.5
years (range 8 months to 16 years). Twenty-one (31%) had initial evaluation at an outlying
facility before referral to 1 of the 4 tertiary care centers partaking in the study. Specifically,
27 cases were treated at Cincinnati Children’s Hospital, 26 at Texas Children’s Hospital, 8 at
Children’s Hospital Colorado, and 7 at Johns Hopkins All Children’s Hospital (Table 2).
Fifteen patients had at least one medical comorbidity, which are outlined in Table 1; the
remaining 53 patients had no other reported medical history. At the time of presentation, 17
out of 68 (25%) were symptomatic. Symptoms were varied and are outlined in Table 1.

Duration from ingestion to endoscopic removal was estimated from historical information
and endoscopy documentation in the electronic health record for 65 of the patients with
known ingestion time (median [IQR]: 9 hours [5-19 hours], range 3-117 hours). Median
time to first radiographic study was available for 62 patients and was 2 hours (range 1-27
hours) from ingestion. Of these, 25 patients (37%) had primary imaging performed at an
outlying institution. A second set of radiographs was performed in 40 out of 68 cases (59%)
at a median time of 7.4 hours (range 3-113 hours) from time of ingestion. A smaller number
of patients had 3 to 5 sets of radiographs before endoscopy (Table 1). In one case, initial
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radiologic interpretation localized the BB in the small intestine, but repeat imaging and
endoscopic evaluation confirmed erosion into and perforation of the gastric wall.

At the time of endoscopic removal, 41 out of 68 (60%) cases had reported visible gastric
mucosal damage and 27 cases (40%) did not have visible gastric injury (Fig. 1). Duration of
ingestion before removal of BBs was assessed for patients with and without gastric injury
(median [IQR]: 14.75 [14.75] and 5.25 [6] hours, respectively, P = .003). Endoscopic
mucosal injuries varied in severity and were described as ulcerations, necrosis, abrasions,
gastric erythema, mucosal friability, and erosions at the site of the BB in the stomach. In 12
patients (18%) the batteries had cleared the stomach and the proximal duodenum by the time
of endoscopic evaluation and thus were not removed. Of these patients, one patient had
battery retention at the ileocolic region, which required removal via colonoscopy. Two
(17%) of these patients had gastric mucosal injury at the time of endoscopy. The remainder
of these patients had no known or documented adverse events. Of the 17 patients who were
symptomatic at the time of presentation, 13 (76%) had gastric mucosal damage at the time
of endoscopy. Twenty-eight out of 51 asymptomatic subjects (55%) at the time of
presentation had visible damage. Median time to retrieval of BBs did not differ between
symptomatic and asymptomatic subjects (12.75 [IQR 10.5] hours vs 7 [IQR 15.25] hours, P
=.70).

Logistic regression was used to explore factors that are associated with the gastric damage at
the time of endoscopy. Univariate analysis revealed that age as a continuous variable was not
significant (P=.0527) (Table 3); however, patients younger than 5 years of age had
significantly lower likelihood of having gastric damage (OR, 0.3; £=.03) as compared with
children of 5 years or older. When time from ingestion to endoscopy was treated as a
continuous variable in the model, it was not significant (OR, 1.03; £=.22). However, when
this predictor was dichotomized into less than 12 hours or longer than 12 hours, the binary
predictor was very significant in the model (2= .006). The cutoff of 12 hours was selected
based on likely timing of intervention and classification of urgent versus not urgent
procedures. This observation in our patient population indicates that those who had BBs
removed after 12 hours were 4.5 times more likely to have gastric damage than those whose
BB was removed before 12 hours.

A multiple logistic regression analysis was then conducted with age, symptom at time of
presentation, and endoscopic removal within 12 hours as candidate predictors (Table 3). Age
was treated as either continuous or dichotomous predictors in separate analyses. In either
model, age was a significant factor in the multivariate model; removal within 12 hours was
the most significant (P=.01), whereas symptoms at time of presentation was not significant
(P=.12). When backward selection was applied to these 2 models, removal within 12 hours
was the only factor in the final model.

A severe adverse event of a retained lodged 2-cm battery in the antrum was reported in a 9-
year-old patient who developed gastric perforation with pneumoperitoneum. Estimated time
of gastric BB retention in this case was 117 hours (Fig. 2). Pneumoperitoneum self-resolved
after patient was hospitalized overnight for observation. Another patient underwent
endoscopy within 5.25 hours of ingestion of a 0.9 cm battery but did not have successful
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removal of the BB because it had already cleared the upper intestinal tract. However, this
patient had a colonoscopy 1 week later due to battery retention at the level of the ileocecal
valve. Four patients (6%) with endoscopic mucosal injury were admitted overnight for
observation but were then discharged with no further adverse events. The remainder of the
subjects were discharged after the procedure. Notably, 1 patient with necrotic tissue at the
level of the pylorus at the time of BB removal had repeat endoscopy, which did not show
pyloric stenosis or stricture.

In patients who underwent endoscopy, BBs were retrieved in 56 patients (82%). Of those,
retrieval with a net was reported in 36 cases (64%), alligator forceps in 6 cases (11%), rat-
tooth forceps in 4 cases (7%), and basket in 2 cases (4%). Six subjects (11%) required
retrieval using a combination of instruments, and 4 cases (7%) did not describe the method
of retrieval in the operative report.

The median diameter of ingested batteries was 1.67 cm (range 0.8-2.6cm). Among those
with gastric injury, the median diameter was 1.9 cm (range 0.9 — 2.6), as opposed to a
diameter of 1.4 cm (range 0.8-2.5) among those with no mucosal injury (P = .45). Eighteen
patients ingested a BB greater or equal than 2 cm in diameter (26.5%). Of those, 11 had
evidence of mucosal injury, and 7 did not have any visible mucosal injury (£ =.93).

Discussion

This is the largest adult or pediatric case series investigating endoscopic findings and
complications secondary to gastric retention of BBs to date. These data demonstrate that
gastric retention of BBs poses a risk of serious injury. Prior published guidelines from the
National Capital Poison Center, last revised in June of 2018, recommend immediate removal
of a gastric BB only if coingested with a magnet or if the patient is symptomatic®.
Otherwise, current guidelines from the Poison Control Center recommend repeating an
imaging study 4 days after ingestion if the BB is 21.5 cm and the child is younger than 6
years®. The NASPGHAN Endoscopy Committee’s clinical recommendations, published in
2015, acknowledge the potential injury associated with gastric BBs and recommend removal
within 48 hours only if the patient is symptomatic or electively if the BB remains static on
repeat imaging studies®. Observation alone is recommended for cases in which the gastric
BBI presents within 2 hours, the battery is <20 mm, and the child is =5 years of age®. This
presents a dilemma to endoscopistsas: there is currently no clear single guideline in the
management of gastric BBs. Our data are among the first to suggest that timely removal of
gastric BBs is important.

In this case series, 60% of cases had gastric injury described at the time of endoscopic
retrieval of the BB, and injury significantly correlated with duration of battery retention.
Notably, 1 patient had substantial injury including gastric perforation and
pneumoperitoneum. The presence of symptoms was not predictive of injury. In fact, the
patient who sustained a severe adverse event had no symptoms at the time of endoscopic
removal and presented for follow-up based on recommendations received at his initial
emergency department visit. It is not known whether others with variable amounts of
mucosal injury seen at the time of removal would have progressed to serious adverse events
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as a result of more prolonged gastric retention. Seventy-eight percent of symptomatic
patients had visible erosive gastric damage, whereas 54% of the asymptomatic cohort at the
time of presentation also had gastric mucosal damage. After adjusting for age and symptoms
at time of presentation, the likelihood of visualizing gastric damage was 4.5 times higher
among patients who had BBs removed after 12 hours following ingestion as compared with
those with BB removal within 12 hours of ingestion. Our analysis suggests that early
removal may prevent gastric injury, and symptoms are not sensitive for identifying damage.
The difference in time to endoscopic removal between symptomatic and asymptomatic
patients did not reach statistical significance. This is likely influenced by variation in
institutions and provider to provider practice differences, which can be subject to
institutional guidelines or prior experience with adverse events. For example, at Cincinnati
Children’s Hospital, a local treatment algorithm suggests endoscopic removal within 24 to
48 hours for any gastric BB; however, the remainder of the participating centers in this study
does not have local treatment algorithms for gastric BB.

Our data are consistent with and extend other published reports about injury secondary to
gastric retention of BBs. A recent single-center retrospective study investigated BBI and
reported 25 cases, of which 12 were located in the stomach. Rios et al'% advocated for
extraction of button batteries from the stomach within 24 hours becaise they revealed that
50% of their patients with gastric BBs have visual mucosal damage, one of which had
evidence of necrosis at the site of battery removal. In another series of 46 patients with
BBIs, 13 had gastric BBs with a mean time of removal from the stomach of 27 hoursL. This
study identified endoscopic injury in 87.5% of children with BBs and subsequently
recommend removal within 24 hours of ingestion if the BB was gastric in location. A third
report by Lee et al'2 urges prompt endoscopic removal even if the patient is asymptomatic
and the battery is smaller than 2 cm in diameter. They report 5 cases with gastric button
batteries with 3 having gastric adverse events, including mucosal ulceration and erosion.
Numerous case reports have also been published describing injury to the gastric mucosa
from BBs13-18, In a report of a BBI in a 3-month-old, a laparotomy was performed
secondary to severe gastric wall injury due to battery adhesion to gastric mucosa after
patient presented with significant emesis after BB retention for a speculated 48 hours!?. In
another account, an asymptomatic 18-month-old presented after known BBI and underwent
emergent removal and was found to have multiple acute mucosal erosions in the stomach at
the location of button battery contact despite intervention within 4 hours of ingestion1®. In
another report by Takagashi et al,16 a 3-month-old asymptomatic patient had ingestion of 3
cell batteries and, despite intervention within 48 hours, had adhesion of the button battery to
the gastric wall requiring laparotomy.

These cases highlight the danger of gastric retention of BB, and they suggest that early
intervention may be indicated; our case series is one of the largest to also support this. Our
study reveals the wide practice variation in management of these ingestions across and
within institutions, which is reflected by the wide range in timing from initial presentation to
endoscopic removal of BBs (range 3-117 hours).

Our analysis suggests that early removal may prevent gastric injury, and symptoms are not
sensitive for identifying damage. One case, in the current series, demonstrates that
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radiographic images can be misinterpreted, and numerous views may be needed to delineate
the location of the foreign object. This patient initially had one lateral radiograph incorrectly
interpreted by a radiologist as a BB distal to the stomach; however, follow-up images
indicated a gastric location. A second case underscores the importance of follow-up imaging
to ensure the passage of a BB. This patient had spontaneous passage of the BB at time of
upper endoscopic evaluation; however, despite the small size of the BB (0.9 cm), the foreign
body was retained at the ileocecal valve eventually requiring endoscopic removal.

As data in this study are solely collected from tertiary pediatric centers, there is likely a
selection bias that may limit the generalizability of our data. Twenty-five (37%) of all
included patients were initially assessed at outlying institutions before referral to one of the
centers participating in this study. This pattern in referral may have led to some of the
heterogeneity of duration from presentation to endoscopic intervention. Patients referred to
other institutions that lack emergent endoscopic support may have been observed as opposed
to undergoing endoscopic removal.

In this article, we did not have access to patients referred for a gastric BB and underwent
observation alone. This is a limitation of this retrospective study because our databases track
patients who underwent procedural interventions and do not track those who did not undergo
upper endoscopy for a button battery.

Timely endoscopic removal of button batteries retained in the stomach may be considered
based on this study because gastric injury in this cohort is common, there is poor correlation
between symptoms and injury, and removal within 12 hours is associated with lower risk of
injury. Early endoscopic removal regardless of the position of the battery at first presentation
may prevent significant injury to the stomach despite lack of clinical symptoms.

Conclusion:

Funding:

Although button battery injury is mainly thought of as harmful to the esophagus, the
stomach may also be an anatomically susceptible region as demonstrated in this case series.
Endoscopic removal within 12 hours of ingestion of gastric BBs may be considered
regardless of symptoms or patient age. Gastric retention can offer risks of serious serosal
injury and perforation. Imaging studies should be interpreted and carefully reviewed with an
experienced radiologist in order to ascertain battery location within the intestinal tract.
However, larger prospective studies aimed at understanding the risk of mucosal injury of
gastric button batteries are needed.
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Figure 1: Endoscopic images of patients with gastric button batteries pre and post endoscopic
removal.

The upper panels reveal button batteries lodged in the antropyloric region in four separate
patients. There are notable erosions, erythema and necrosis surrounding the button batteries
in these images. The bottom four panels show the corresponding images following battery
removal. Linear erosions, erythema, bleeding, edema and necrosis at the site of prior battery
adhesion are seen in these images.
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Figure 2:
X-ray imaging of a patient’s retained gastric BBI that resulted in perforation. A, Foreign

body in the antrum of the stomach interpreted as likely within the small bowel or colon by
radiologist. Radiographic image obtained at 3 hours after ingestion. B, Radiography
obtained 113 hours after ingestion showing retention and erosion of the button battery in the
distal stomach.
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