CASE REPORT

The Hidden Danger of Lithium Battery-Powered Electric
Bicycles and Scooters: A Case Series of the Israeli National

Burn Center Experience
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Electric-powered bicycles and scooters that use rechargeable lithium batteries are an urban transportation
alternative and have become increasingly popular. However, in recent years, there has been an increase
in patient admissions to the Israeli National Burn Center with burns associated with their use. In

this case series of all patients (n = 9) referred to the Emergency Department (February 2016—-October
2020) with lithium-related battery burns from electric-powered bicycles and scooters, we present
burn depth, size, treatment, inhalation injuries, and hospitalization. All patients were admitted to the
Israeli National Burn Center for treatment. The average TBSA was 27.5% (range 3%-57%). All but
one patient had a combination of partial to full-thickness burns affecting the upper and lower limbs.
Three patients sustained inhalation injuries and a total of four patients required intubation. Seven
patients required surgery that included debridement and, in most cases, skin grafting. The availability
and increase in the use of battery-powered bicycles and scooters may lead to an increase in injuries and
death if consumers are not aware of the potential dangers related to the safe use of lithium batteries.

INTRODUCTION

The use of lithium batteries is popular as they are low main-
tenance, have a fast-charging time with longevity, and have
high energy density. Yet, the thermal stability is relatively poor
making them an inherent fire and combustion risk under cer-
tain circumstances.! Despite this, electric scooters and bicycles
powered by rechargeable lithium batteries are an emerging
urban transportation alternative and have become increasingly
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popular due to their high accessibility and usability in the
urban settings.>”® In 2015, the sales worldwide from electric
bicycles alone were estimated to be greater than 40 million
units.”

Although these means of transportation have some
advantages, their safety and regulations have been
questioned.® Awareness of the dangers imposed by these
mobility devices such as accidents involving self, pedestrians,
or vehicles and the risk of burn injuries is overlooked by
health professionals and regulators alike. Of these injuries
sustained, burn injuries from the explosion of the lithium
batteries are a less acknowledged hazard.® Lithium batteries
contain hazardous and flammable electrolytes and can be
overcharged, overheated, or damaged which can lead to
fires, combustion, and burns.®-12

A report by the Singapore Civil Defense Force!? showed
that fires caused by electric bicycle batteries were the
most prevalent cause of fires ignited by consumer product
batteries. Fifty percent of these occurred while the batteries
were charging.!® Other risks associated with heating of
lithium-powered cells are the production of flammable and
poisonous gases which can lead to ignition or over pressur-
ization triggering a rupture or explosion, resulting in del-
eterious and untoward effects.!? For these reasons, lithium
batteries have the potential to inflict serious harm and
importantly, consumers may not be aware of the dangers
pertaining to electric bicycles and scooters.

Israel is a country of approximately 9 million people with
a long history of cycling, however, the increased use of the
electric bike is rapidly growing” with an estimated 246,000
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units in use at the end of 2017, and reports estimate that
this number will continue to increase in the future.'* As re-
ported by Magen David Adom, Israel’s National Emergency
Pre-Hospital Medical and Blood Services Organization,
during 2017, two patients injured by lithium-powered mo-
bility devices were transferred to hospitals, in 2018, a total
of 35, and in 2019, 64 patients, an increase of over 180%
from the previous year. Authorities assume that these numbers
underrepresent the actual number of cases caused by lithium
battery-associated accidents as many do not report or present
to emergency services.

In this report, we present nine cases pertaining to lithium
batteries concerning electric bicycles and scooters admitted to
the National Burns Center from 2016 to 2020. Our objec-
tive was to report the burn-specific properties related to burns
sustained by lithium-powered mobility devices as well as raise
awareness of the potential dangers involved in the use of elec-
tric bicycles and scooters.

METHODS
Ethics Approval

Approval to review the electronic and written medical records
data was obtained from the Magen David Adom, Israel
National Fire and Rescue Authority, and Sheba Medical
Center IRB Committee. Patients provided informed written
consent encompassing digital photography for treatment,
teaching, and for utilization in academic publications.

Patient Selection

This paper is a retrospective review of all patients who
sustained lithium batteries burns from electric bikes and
scooters. With the assistance of the Gertner Institute
for Health Policy and Epidemiology, we retrospectively
reviewed the electronic medical records of patients re-
ferred to the Emergency Department (ED) using keywords
“burn/s,” “battery/ies,” “electric bike,” or “electric
scooter” from February 2016 to October 2020 for lithium
batteries-related burns.

Nine patients with burn wounds due to lithium batteries
use were identified. Cases were reviewed for burn depth, size,
treatment, inhalation injuries, and hospitalization.

RESULTS

Case Series

Our retrospective review of admissions to the National Burns
Center identified nine patients who met our inclusion criteria.
The majority of patients in this case series were males (89%),
a mean age at time of injury 37.8 years (range 23-69 years),
a mean TBSA of 27.5% (range 3%-57%), and a mean length
of hospital stay of 34.3 days (range 3-89) (Table 1). All but
one patient had a combination of partial- and full-thickness
burns. The upper and lower limbs were affected in all but
one patient. It is important to note that three cases occurred
while patients were charging their bicycle/scooter beside
their bed whilst sleeping. All nine patients required inpa-
tient admission; three patients sustained inhalation injuries,
and four required intubation (one case due to agitation).
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Two patients underwent tracheal tube placement due to their
need for prolonged invasive ventilatory support. Of the nine
cases, seven patients required surgery (see Table 1, Figure 1).
Infection was observed in five patients with one experiencing
severe ventilator-associated pneumonia. Seven patients were
discharged home and two were referred to rehabilitation
centers. All patients were followed up at our clinics for a min-
imum of 12-month post-discharge.

DISCUSSION

During the last few years, we have noticed an increase in hos-
pital admissions due to injuries caused by lithium-powered
batteries, paralleling the surge in availability of these
devices 2 1L1516 Tt is acknowledged that lithium batteries
containing highly reactive chemicals have the capacity to
spontancously ignite and result in an explosion because of a
phenomenon called thermal runaway (when the temperature
rises rapidly and the energy stored in the battery is suddenly
released).!” As with any device that has the capacity to store
energy, there is an inherent risk for combustion and igni-
tion. If used as per manufacturer-recommended guidelines,
lithium rechargeable battery cell failure rates are reported
to be less than 1 in 10 million and some estimating a failure
rate of 1 in 40 million cells.!® Wang et al' reported that
when lithium batteries are used in conditions outside their
intended design or damaged, the batteries may fail by means
of rapid self-heating or thermal runaway process resulting
in ignition of any surrounding materials. In addition, the
explosion of the batteries can cause trauma, burn injuries
from the ignition of clothing and from attempting to extin-
guish the fire, and indirect injury, such as inhalation of toxic
fumes/smoke.’

In accordance, all battery-powered devices should be
appraised as possessing the potential to cause fire and com-
bustion and treated with respect, care, and caution.!” These
include precautions such as but not limited to; storing all
batteries and devices in accordance with manufacturers
recommendations, avoiding prolonged sun exposure,
charging away from flammables in a designated and iso-
lated area, use of only original and approved equipment,
avoiding using batteries that have been damaged, avoiding
overcharging or leaving charging batteries unattended, and
ensuring that the battery is not charged after sustaining
damage /shock.

As physicians treating these patients, we believe education
to enhance awareness regarding the use of lithium batteries
and chargers is essential, as is the requirement to wear a safety
helmet. Correct placement of chargers when in use, installa-
tion of smoke detectors, and an accessible extinguisher are
some easy regulations that can be implemented. Due to the
widespread availability and the expected increase in the use of
these devices, continuing to ignore the potential dangers in-
volved in the use of electric-powered bicycles and scooters may
see a further increase in injuries and death. Finally, it should
be noted that not all lithium batteries are made of the same
quality throughout the world. Increasing awareness across all
sectors including health providers and regulatory officials can
be a major determinant with the goal of preventing injury and
saving lives.
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Figure 1. Case 9: 32-year-old male with 10% TBSA burns due to lithium battery explosion.

CONCLUSION

In conclusion, with the increasing popularity of electric mo-
bility devices, there is a need for greater community awareness
concerning the potential combustion of the lithium batteries
that power these devices. Specifically, electric bicycles and
scooters may be a potential burn hazard that may result in sig-
nificant burns requiring hospitalization and surgical treatment.
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