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AbstrAct

Foreign body ingestion is common in infants and young children and can cause numerous complications, mainly if ingested 
and left in place for prolonged periods. In recent years, particular dangers, specifically from ingested button batteries, have 
become increasingly recognized as a public health issue. Of particular note is the rapid onset of full thickness burns and 
oesophageal perforation which may occur within as little as 2 h following the ingestion of button batteries. The aim of this 
review is twofold: (1) to increase awareness of the need for  rapid action from radiologists, emergency care physicians and 
paediatricians on identifying a button battery impacted within the oesophagus, and (2) to review the imaging appearances 
that can distinguish button batteries from other similar appearing foreign bodies, most notably coins.
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introDuction
Foreign body ingestion is a common occurrence in young 
children and infants and can cause injury through several 
different mechanisms.1 The most common mechanism 
of injury, from most foreign bodies, is simply the result of 
prolonged pressure effects of the foreign body, which, because 
the original event was not witnessed, can remain in situ for 
weeks or months. In a 5-year retrospective review of cases 
referred to a tertiary paediatric gastroenterology service in 
Romania, the most commonly ingested foreign bodies were 
coins (26%), with batteries comprising 6.6% of their cohort.1 
Button batteries, unlike all other ingested foreign bodies, can 
cause catastrophic injuries (such as a tracheal-oesophageal 
fistula or a fatal oesophago-aortic fistula) within hours of 
ingestion. Additionally, when inserted into the nose, button 
batteries may cause not only mucosal injuries but also have 
been reported to result in nasal septal perforations, nasal 
adhesions and saddle nose deformity.2

A study by Sharpe et al identified an annual incidence 
of 3300 battery-related emergency department atten-
dances in the USA between 1990 and 2009.3 Impaction 
of button batteries results in formation of a local external 
current between the positive and negative poles of the 
battery, which has been shown to rapidly cause hydrolysis 

and hydroxide formation, leading to clinically significant 
burns and oesophageal perforation within as little as 2 h 
of ingestion. Ingestion of newly purchased (and, therefore, 
fully charged) batteries is of particular concern.4

Although an examination of the National Poison Data 
System, published in 2010 by Litovitz et al, suggested the 
incidence of battery ingestion over a period of 24 years, 
between 1985 and 2009, was steady (varying between an 
annual incidence of 6.3 and 15.1 cases per million popu-
lation), it also demonstrated a worrying 4.4-fold increase 
in clinically significant events and a 6.7-fold increase in 
major or fatal outcomes over the final 3 years compared to 
the initial 3 years of their study. They identified 13 fatali-
ties and 73 major complications. The diagnosis was initially 
missed in 7 of the fatal cases and 19 of the cases with major 
complication, most often through failure of recognition 
that foreign body ingestion had occurred at all. Perhaps 
more significantly to radiologists, 4.5% of ingested batteries 
in the significant harm group were initially misdiagnosed 
as ingested coins on radiography.4 It is, therefore, critical 
that general practitioners, paediatricians and emergency 
care physicians maintain a high level of suspicion when-
ever a foreign body is encountered and that radiologists are 
able to assist in recognizing the features that distinguish an 
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Figure 1.  A 3V CR2032 button battery compared with a 2 
pence coin.

Table 1. Battery codes from http://www.watchbattery.co.uk

Code Battery chemistry
BR/CR Lithium

L Alkaline

SR Silver oxide

LR Alkaline

SG Silver oxide

AG Alkaline

Figure 2. A variation of the button battery demonstration 
as described in Online fact sheet: Safekids Aotearoa. But-
ton battery injuries—a demonstration plan for practitioners 
(Aukland: Safekids Aotearoa available at http://www.safekids.
nz/Safety-Topics/Details/Type/View/ID/13957/Button-Bat-
tery#accordionFive). A button battery is placed onto a slice 
of cooked meat (in this case a slice of chicken approximately 
2 mm in thickness), which is then folded over to simulate the 
battery contacting both sides of a child’s oesophagus. After 
just 5 min, there is discolouration of the meat extending the 
full thickness of the slice (a - inner surface, b - outer surface, 
at 5 mins) After 2 h (c), there is a defect extending through 
the full thickness of the slice. Note that the worst damage 
is at the anode and the folded portion immediately between 
anode and cathode (d). An audible crackling sound can be 
heard from the moment the meat is first folded over.

impacted coin from a similar appearing, but much less benign, 
button battery that requires rapid emergency removal.

The button battery explained
Button batteries can be found in an increasing number of elec-
tronic devices, both those you might expect (watches, remote 
controls and car keys) and more surprising items such as musical 
greetings cards.5

Externally, they are composed of two metallic discs. The larger, 
flat surface stamped with a code is the cathode and the smaller 
surface the anode.6

A database of button batteries available in the UK (found at http://
www. watchbattery. co. uk) contains more than 85 different types, 
powered by alkaline, silver oxide, mercury and lithium cores. 
They vary in size from 4.8 to 30 mm in diameter and 1.2 to 16 
mm in height. The code stamped on the flat surface (e.g. CR2032)  
defines its chemistry (C = lithium), shape (R = round), diameter 
(20 = 20 mm) and height (32 = 3.2 mm) (Figure 1 and Table 1).  

The review by Litovitz et al identified 20-mm diameter button 
batteries as the cause of 92% of major and fatal outcomes (70% 
CR2032, 20% CR2025).4

Methods of injury
Numerous mechanisms of injury have been described, including 
leakage of alkaline battery content, heavy metal ingestion 
and local pressure trauma/ischaemic necrosis, but the most 
important mechanism is reported to be electrolytic production 

of alkaline fluid via formation of a local circuit by oesophageal 
tissue contacting both the anode and cathode.7

A practical experiment, designed as a demonstration tool for 
use at public health awareness events, uses a piece of thinly 
sliced meat (e.g. ham), folded over a button battery, as a model 
of a battery lodged within a child’s oesophagus. As shown in 
the recreation below, a black ring-shaped burn appears after 
only 5 min. A crackling sound can be heard from the moment 
the ham is folded over the battery (Figure  2).5 After 2 h, 
there is a hole in the meat at the point closest to the battery’s 
anode. This is in keeping with the findings of Tanaka et al who 
described the positioning of the greatest damage in button 
batteries lodged in the oesophagus of dogs.8 A video of this 
experiment and patient experiences can be found at https:// 
youtu. be/ q5ApVlDCEjc.

The narrowest parts of the oesophagus, and therefore the most 
common sites of impaction, are the thoracic inlet, the region of 
the aortic arch and at the gastro-oesophageal junction.9

Consistent with local electrical current formation being the 
major cause of morbidity, Litovitz et al describe a 3.2-fold 
increase in clinically significant outcomes in instances of inges-
tion of a new battery compared to spent batteries. All clinically 
significant events occurred in children who ingested 20–25 mm 
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Figure 3.  Frontal chest radiographs of two infants present-
ing with foreign bodies lodged in the oesophagus at the level 
of the aortic arch (magnified inset). (a) Round object, solid 
from edge to edge—2p coin. (b) Round object with periph-
eral “double rim” or “halo”—button battery. (c) The “step-off” 
of the smaller negative pole is demonstrated on a lateral pro-
jection radiograph.

Figure 4.  (a) CT demonstrating a button battery lodged 
at the level of the thoracic inlet. Note the tiny focus of gas 
anteriorly.  (b) Subsequent  to  removal, upper gastrointesti-
nal contrast study of the same patient demonstrates a small 
diverticulum at the level of the previously impacted button 
battery. The patient underwent surgical repair. (c) A different 
patient with previous impaction of a button battery leading to 
tracheo-oesophageal fistula formation. The child underwent 
surgical repair, but required repeated post-operative tracheal 
dilatations for recurrent stricture formation, as demonstrated 
on this bronchogram.

cells (as apposed to 15–18 mm cells) with 12.6% of children 
under 6 years ingesting 20–25 mm battery cells experiencing a 
major complication or death.4

Radiographic appearance
A frontal radiograph should demonstrate the so-called “double 
rim” or “halo” sign which distinguishes a button battery from 
a coin (the latter appearing solid) (Figure  3), although there 
is a case report of a false-positive halo sign following inges-
tion of two coins which stacked together immediately supe-
rior to the gastro-oesophageal junction.10 Where there is 
clinical doubt, a tangential lateral projection may demonstrate 
the “step-off ” of the smaller diameter anode as it projects from 
the battery (Figure 3), although it should be noted that there are 
very thin batteries available where the step off is too small to be 
discerned via radiography (these do not generally stay lodged in 
the oesophagus).11 As described above, the anode is the site of 
the greatest damage and, as such, its position may also predict 
subsequent complications.12

Complications and management options
Reported complications from button battery impaction include 
fatal exsanguination via aorto-oeosophageal fistulation, forma-
tion of trachea-oesophageal fistulae  (Figure  4), oesophageal 
and tracheal stenoses, vocal cord paralysis, empyema and 
spondylodiscitis.4,13,14

If button battery ingestion is thought possible, plain radiog-
raphy is advised to ascertain its location. The exception to 
this rule is in batteries known to be under 12 mm in diam-
eter in children over 12 years (significant complications in 
this situation have been found to be rare). Smaller children 
warrant investigation even if asymptomatic. Batteries lodged 
in the oesophagus must be removed as soon as possible, ideally 
within 2 h.4

If the battery has passed the gastro-oesophageal junction, the 
majority will pass spontaneously, unless they have been swal-
lowed alongside one or more magnets.15

Recognition of a battery in the oesophagus is a paediatric 
emergency. Recently published guidance from the North 
American Society for Pediatric Gastroenterology, Hepatology 
and Nutrition advises emergent removal of button batteries 
lodged within the oesophagus and includes a recommendation 
for subsequent  CT angiography or MRI to assess for aortic 
injury if oesophageal injuryis demonstrated on endoscopy.16 
If there is a risk or concern that the battery has been in situ for 
some time, CT may be of value in demonstrating the site of the 
battery in relation to the major blood vessels. The presence of 
mediastinal air would be worrisome for oesophageal perfora-
tion and possible trachea-oesophageal fistula. However, in line 
with Pugmire et al, it is our practice to consider CT and MRI 
on a case-by-case basis.2

conclusion
Foreign body ingestion is common in infants. Button battery 
ingestions pose a major risk, with more frequent and severe asso-
ciated complications than other foreign bodies. Full thickness 
burns, oesophageal perforation, trachea-oesophageal and even 
oesophago-aortic fistulation are possible, within a few hours of 
ingestion.

An American task force document from 2013 recommends a 
radiograph be obtained immediately on presentation to assess 
for oesophageal position of an ingested button battery. Plain 
radiography in frontal and orthogonal projections allows differ-
entiation of button batteries from similarly sized coins via the 
“double rim” or “halo” appearance and allows ascertainment of 
direction of the smaller diameter anode where the most severe 
damage occurs. In routine practice, however, a single frontal 
projection is usually sufficient. Given the possible false-nega-
tive lateral step-off appearance in very thin batteries, suspicion 
should remain high even in the absence of this sign and prompt 
removal of the foreign body performed.

With the necessary knowledge, radiologists can provide  
valuable assistance to emergency care and paediatric  
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