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Effect of fully charged and discharged batteries on 
esophageal tissue: an experimental study
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Abstract: The aim of this study was to compare the effect of charged and discharged alkaline batteries on esopha-
geal tissue, and to determine the impact of duration due to the exposure to alkaline batteries. Thirty-five rabbits 
were divided into 5 groups each containing 7 rabbits. Alkaline batteries were ingested by rabbits [except for the con-
trol group [Group 1]]. Rabbits in Group 2 were exposed to discharged alkaline batteries for 180 minutes. In Group 
3-5, the fully charged batteries were left in esophagus for 60, 120, and 180 minutes, respectively. Macroscopic 
appearance of esophageal mucosa as well as histopathologic examination of battery induced esophageal injury 
and pH of environment were compared. Battery capsules were intact in each group. No color change was observed 
in the anode pole of batteries for Group 2. Color change was evident in the anode pole of batteries for 3 rabbits in 
Group 3, in 4 rabbits in Group 4, and in 7 rabbits from Group 5; while no significant change was observed in any 
rabbit from Group 2. Histopathologically, mucosal erosion was observed in 7 rabbits of Group 3. In Group 4, mucosal 
erosion extended to the internal muscular layer. Necrosis was exceeding external muscular layer in Group 5. Alka-
line batteries may cause erosion as a result of electrical currency without corrosive substrate leakage. Duration of 
exposure is an important determinant of tissue injury.
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Introduction

Flat batteries account for 2% of all esophageal 
foreign bodies, which may cause esophageal 
perforation. Recently, increasing use of batter-
ies in plaything industry, and miniaturizing of 
batteries, frequency of accidental battery 
ingestion is more frequently observed that may 
resulted with esophagitis, perforation, medias-
tinitis, and even death; especially in childhood 
period [1-3].

Flat shaped batteries have two major types: flat 
alkaline batteries and lithium batteries. Flat 
alkaline batteries may contain manganese, 
mercury, silver oxide and zinc [4]. Flat alkaline 
batteries can produce 1.5 volts of energy by 
using potent alkaline solution. Esophageal tis-
sue injury from flat alkaline batteries arises 
from leakage of alkaline content due to break 
up of the battery capsule [5].

In the present study, we aimed to examine the 
effect of charged and discharged batteries in 
esophagus of rabbits.

Materials and methods

Thirty-five male rabbits with a mean weight of 
2,300 gram (2,000-3,100) were enrolled to 
examine the effect of flat alkaline batteries on 
esophageal mucosa. Rabbits were divided into 
5 groups, each containing 7 rabbits. Intraperito- 
neal injection of a ketamine-xylasine mixture 
(10-15 mg/kg) was administered to rabbits for 
anesthesia. Except for the control group [Group 
1], a flat alkaline battery (Macintosh®) was 
inserted to esophagus with the assistance of a 
pediatric laryngoscope using a nonconductive 
clamp. Simultaneously, the alkaline battery was 
placed in the esophageal narrowness by the 
assistance of palpation. Subsequently, a poste-
rior-anterior lung graph was performed to check 
the site of battery (Figure 1). The control group 
(Group 1) was used as a non-intervention con-
trol. In Group 2, a discharged battery was 
placed in the esophagus for 180 minutes. 
Rabbits in Group 3-5 were exposed to charged 
batteries for 60, 120, and 180 minutes, respec-
tively. After a determined amount of time under 
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anesthesia, high dose pentothal was adminis-
tered to rabbits for euthanasia. Environmental 
pH was analyzed by litmus strips (pH meter). 
Excised esophageal tissues was replaced in 
capes containing 10% formalin and embedded 
in paraffin blocks. Finally, the sections were 
stained by hematoxylin and eosin and exam-
ined by a single pathologist. This study was 
approved by local animal ethics committee.

Results

Macroscopic and microscopic evidences of bat-
tery induced esophageal injury were examined. 
The capsules of the batteries were intact and 
the mean pH of esophageal mucosa around the 
battery was 7.1 (range: 6.9-7.2). No significant 
change was observed in the anode pole of  
the alkaline batteries in Group 2. In Group 3, 
the anode poles of batteries in 3 rabbits were 
black. Anode poles of the batteries were  
black in 4 and 7 rabbits in Group 4 and 5, 
respectively. 

of esophagus in each 7 rabbits in Group (Figure 
4; Table 2).

Discussion

In the present study, we demonstrated that 
charged batteries is associated with severe  
tissue injury in esophageal mucosa when  
compared to discharged batteries. Additional 
duration of exposure to battery is one of a 
determinant of severity of esophageal mucosal 
injury. 

As a result of increased frequency of flat bat-
tery use in daily activities, a gradual increase in 
flat battery ingestion cases has been encoun-
tered [6, r1(7), r2(8)]. Children aged 0-3 years 
have a habit of foreign body ingestion [9]. Flat 
batteries have negative and positive terminals. 
Negative terminals contain zinc and lithium 
while positive terminal contains oxygen (1.5 
volt), silver oxyte (1.5 volt), zinc oxyte (1.5 volt), 
lithium manganese (1.5 volt) and magnesium 

Figure 1. A and B. A posterior-anterior lung graph was performed to check 
the site of battery.

Table 1. Colour change in eosaphageal  mucosa in different rabbit 
groups

Groups  N  
[Colour changed]

Fawn- 
Coloured Blackish Colour Change of 

batteries
Group 1 None  None None None
Group 2 None  None None None
Group 3 7 4 3 3
Group 4 7 2 5 4
Group 5 7 1 6 7

Macroscopic examination of 
esophageal tissue surround-
ing the batteries was per-
formed. No color change was 
observed in Group 2. In Group 
3, 4 rabbits had brownish and 
4 rabbits had blackish color 
change. Five rabbits had total 
black color esophageal tissue 
around the battery, and the 
remaining 2 rabbits were par-
tially blackish and brownish in 
color change in Group 4. In 
Group 5, 6 rabbits had black 
color change in the surround-
ing tissue of battery, and a 
rabbit had partially black and 
brown color change (Table 1).

In histopathologic examina-
tions of esophageal biopsy 
specimens, no microscopic 
change was observed in any 
of rabbits in Group 2. Erosions 
were evident in each  rabbit in 
Group 3 (Figure 2). In Group 
4, necrosis was extended to 
the internal muscular layer  
of the esophageal mucosa, 
which came up to anode pole 
of the battery in 5 rabbits 
(Figure 3). Necrosis extended 
to the external muscular layer 
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dioxyte (1.5 volt). Negative terminal is the nar-
rowest side of a battery which is associated 
with electrical currency and tissue injury. 
Positive terminals have potassium hydroxyte 
and sodium hydroxyte containing solutions in 
varying concentrations and have pathogenetic 
mechanisms of battery-induced tissue injury 
are mucosal compression as well as electrical 
currency and corrosive substrate release which 
can lead necrosis and perforation. Potassium 
and sodium containing batteries may cause 
faction-like necrosis. However mercury and 
other heavy metals may relate to metal poison-
ing in addition to tissue necrosis which is well 
correlated with duration of exposure [10, 11].  

A lithium battery has high rate currency that 
can produce higher alkaline substrate than flat 
batteries. While removing batteries from 
eosaphagus, researchers showed that tissue 
injury was significantly more severe in the area 
contacting with negative pole of battery. 
Lithium batteries have longer duration of action 
and higher risk of mucosal damage [12, 13]. 
Flat batteries-related mucosal damage is 
caused by corrosive substrate leakage from 
alkaline battery [13-15]. However, controversy 
exists on the role of corrosive substrate. Rivera 
et al showed that flat battery leakage causes 
chemical injury on esophageal mucosa which 
may be regressed by neutralizing with slight 
acidic substrate infusion [16]. In another study 
on dogs, at the 2nd and 4th of battery inges-
tion, a bluish-brown change was observed on 
the surrounding tissue of anode side [5]. Flat 
batteries, if not removed, may lead to mucosal 
erosion at the 1st hour and full-thickness dam-
age at the 4th hour. Because of potassium or 
sodium chloride content, flat batteries have 

Figure 2. Mucosal damage in esophagus of a rabbit 
from Group 3 exposed the battery for 60 minutes [ar-
row]. Muk: mucosa, Subm:submucosa, ME: muscu-
laris externa, Ad: adventitia [hematoxylen-eosin, bar: 
100 µm].

Figure 3. Mucosal necrosis involving inner muscular 
layers in esophageal section of a rabbit from Group 
4 exposed the battery for 120 minutes [arrow]. Muk: 
mucosa, Subm:submucosa, ME: muscularis externa, 
Ad: adventitia, [hematoxylen-eosin, bar: 100 µm].

Figure 4. Necrosis extending outer muscular layer in 
esophageal section of a rabbit from Group 5 exposed 
the battery for 180 minutes [arrow]. Muk: mucosa, 
Subm:submucosa, ME: muscularis externa, Ad: ad-
ventitia, [hematoxylen-eosin, bar: 100 µm].

Table 2. Histopathologic examination of eo-
saphagal tissue in 5 rabbit groups

Groups Mucosa Submu-
cosa

Internal 
muscularis 

External 
muscularis

Group 1 Normal Normal Normal Normal
Group 2 Normal Normal Normal Normal
Group 3 Erosion Erosion Normal Normal
Group 4 Necrosis Necrosis Necrosis Normal
Group 5 Necrosis Necrosis Necrosis Necrosis
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corrosive effect [9, 14, 15]. In another animal 
study, flat batteries caused electrochemical 
burn at the 8th hour of ingestion even no leak-
age was observed, suggesting the role of elec-
trical currency until break down of battery cap-
sule [5, 13-15]. We demonstrated macros- 
copically evident color change in esophageal 
mucosa that exposed to charged batteries, but 
not to discharged batteries. 

Dark colored oxidizing appearance was observ- 
ed in the anode side of the batteries. Capsules 
of batteries were intact, and the pH of the envi-
ronment was neutral. The neutral pH of the 
environment indicated an absence of alkaline 
leakage from the batteries, and presence of 
electrical tissue injury.

Recently, battery induced esophageal injury 
has been less observed due to increased sta-
bility of battery capsules that decreases corro-
sive substrate leakage [13]. Discharged batter-
ies have no significant harmful effect on the 
esophageal tissue during a 3-hour period in our 
study. However, charged batteries lead to ero-
sions even in the 1st hour of exposure. There is 
a linear and positive correlation between 
esophageal mucosal injury and duration of 
exposure. In the absence of corrosive substrate 
leakage, we concluded that alkaline batteries 
may result in esophageal injury via electrical 
currency caused by the negative pole of 
battery. 

The esophagus is the primary area of battery-
induced injury. Anatomical narrowness of the 
esophagus facilitates the development of bat-
tery-induced mucosal damage. Charged batter-
ies may cause electrical current-induced muco-
sal injury, even without corrosive substrate 
leakage.
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