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Lightning-induced pacing system malfunction:

a case report
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Background Atmospheric electrical discharge is an extremely powerful natural phenomenon which can have dangerous and le-
thal effects on the human body. However, there is no evidence to indicate whether and, if so, to what extent the
electric current travelling through the body can affect proper pacemaker function.

...................................................................................................................................................................................................
Case summary An 80-year-old patient admitted to emergency department after being struck by a lightning bolt while riding a bike.

The patient had a DDD pacemaker implanted 4 years prior to the incident. The ECG on admission depicted pace-
maker spikes and native sinus rhythm at 50–60 b.p.m. On the 3rd day after admission the patient developed recur-
rent pacing-induced tachycardia. Pacemaker interrogation showed high pacing thresholds (failure to pace in the
atrial channel). When the patient’s condition stabilized she was transferred to the tertiary hospital for transcutane-
ous lead extraction. The extracted pacing system was sent to Biotronik for thorough evaluation.

...................................................................................................................................................................................................
Discussion Injuries due to a lightning strike are considered a rare occurrence but being struck by lightning with a pacemaker

or an ICD is even less common. In the present case, the cause of cardiac arrhythmia was most probably electrical
burn at the endocardial-electrode interface and a sudden elevation of the pacing threshold leading to transient pac-
ing failure in both PM channels. To the best of our knowledge, in this case presentation we first described perman-
ent lightning-induced pacemaker dysfunction.
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Introduction

Atmospheric electrical discharge is an extremely powerful natural
phenomenon which can have a devastating effect on the body, if not
fatal. Mortality due to lightning is estimated to be 0.2–1.7 deaths per
million people and it is the second leading cause of weather-related
death.1 Lightning strikes can be associated with multi-organ injuries,
involving mainly the skin and internal organs (such as the liver and
gastrointestinal tract) getting in the way of the current flowing

Learning points
• Dysfunction of PM due to being struck by lightning may be

caused by an electrical damage of endocardial-electrode
interface.

• After being struck by lightning pacing system may require
transvenous lead extraction due to its dysfunction.
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through the body.2–4 The most common cause of storm-related
death are complications related to the cardiovascular system and the
central nervous system.5–11 However, there is no evidence to indi-
cate whether and, if so, to what extent the electric current travelling
through the body can affect proper pacemaker function.

Timeline

Case presentation

We present a case of an 80-year-old woman who was struck by light-
ning. The past medical history included a diagnosis of arterial hyper-
tension, coronary artery disease, anterolateral myocardial infarction
5 years earlier treated by primary coronary angioplasty of left anter-
ior descending coronary artery with stent placement (bare metal
stent), implantation of a DDD pacemaker 4 years earlier due to sick
sinus syndrome (Talos DR, Biotronik; Selox JT53 endocardial lead in
RAA and Selox ST 60 in RVA with passive fixation). She was struck
by a lightning bolt while she was standing by a bike, with one hand
resting on the handlebar and the other holding up an umbrella with a
metal frame and a mobile phone (the patient does not remember in
which hand she was holding the phone). As a result she experienced
a transient loss of consciousness. The undamaged phone was found
by a witness 10 m away from her and her wristwatch had stopped at
the moment of strike. The patient in grave general condition with the
symptoms of shock was admitted to the intensive care unit (ICU) of a
district hospital. First- and second-degree burns were visible on a line
going from the left shoulder along the entire torso to the lower right

extremity (Figure 1). The ECG on admission depicted pacemaker
spikes and native sinus rhythm at 50–60 b.p.m. (Figure 2).
Vasopressors (dopamine and dobutamine) were used in the treat-
ment of shock. Laboratory investigation revealed an increased level
of hsTn to 640 pg/ml and NT-pro-BNP to 1557 pg/ml. Levels of elec-
trolytes, creatinine, urea, and aminotransferases were within normal
limits. Bedside echocardiogram examination in the ICU with the diag-
nostic conclusion of ‘very poor contractility’. Pacemaker interroga-
tion showed high pacing thresholds (failure to pace in the atrial
channel) even if impulse energy was increased. On the 3rd day after
admission the patient developed recurrent pacing-induced tachycar-
dia at rates of 140–160 b.p.m. (Figure 2). The pacing mode was then
changed to VVI. The symptoms of shock disappeared and the patient
gradually improved. When the patient’s condition stabilized [ejection
fraction (EF) was over 40%] she was transferred to the tertiary hos-
pital for transcutaneous lead extraction (TLE). At 10 days after the
index event she was in good general state, with burn wounds still not
healed, especially in the region of the right nipple and the right thigh.
Pacemaker interrogation revealed slightly elevated pacing thresholds
of both leads (�3.5 V with 1.0 ms impulse duration). Pacemaker
memory data had been entirely erased upon lightning strike and dur-
ing the consecutive programming changes. TLE was performed at
19 days after the strike. In the hybrid operating room with on-site
cardiac surgery standby, the pacing system was removed from the pa-
tient under general anaesthesia using Cook mechanical telescoping
sheaths under the guidance of transoesophageal echocardiography
(TOE).

5 years before the

incident

Arterial hypertension, anterolateral myocardial

infarction, PTCA of LAD wit bare metal stent

implantation

4 years before the

incident

Implantation of a DDD pacemaker due to sinus

node disease

The incident Struck by lightning, admission to hospital with

symptoms of shock. Lack of pacing in both

pacemaker channels. DDD pacing with high

impulse amplitude in both channels

3 days after

admission

Development of pacing-induced tachycardia

(140–160 b.p.m.). Reprogramming from

DDD to VVI pacing mode

18 days after

admission

Transfer to a tertiary centre for lead extraction

19 days after

admission

Transcutaneous lead extraction and a new

DDD system implantation performed with-

out complications

24 days after

admission

The patient was discharged home in good gen-

eral condition

2 years after

discharge

The patient was contacted by telephone, she

remained in good general condition

Figure 1 First- and second-degree burns were visible on a line
going from the left shoulder along the entire torso to the lower
right extremity.
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..Pre-procedural ECHO examination showed an EF of 55% with-
out significant abnormalities in the heart. TOE imaging during the
procedure did not show any pathologic structures on pacemaker
leads. The extracted pacing system was sent to Biotronik
(Germany) for thorough evaluation. At the same time the patient
received a new DDD unit (Figure 3). Deep vein thrombosis of the
left upper extremity developed after the procedure. The patient
was treated with low molecular weight heparin and arm elevation

and a few days later the symptoms of thrombosis resolved. The
further post-operative course was uneventful and at 24 days
after the index event she was discharged home in good general
condition. Pre-discharge ECHO examination showed an EF of 60%
and no morphological abnormalities in the heart. A follow-up
phone call revealed that the patient was still doing well until the
day of preparation of the manuscript for publication (exactly
2 years ago).

Figure 2 The ECG on admission depicted pacemaker spikes and native sinus rhythm at 50–60 b.p.m. On the 3rd day after admission the patient
developed recurrent pacing-induced tachycardia at the rates of 140–160 b.p.m.

Lightning-induced pacing system malfunction 3
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The manufacturer’s (Biotronik) evaluation of the device did not
show any significant damage either to the pacemaker or the
extracted leads. Pacemaker battery status was as expected.
Evaluation of the pacemaker memory did not show any abnormal-
ities. The ability of the device to pace was checked. Antibradycardia
pacing capabilities were in accordance with the programmed criteria,
there were no changes with respect both to amplitude and rate.
Pacemaker function was found to be normal. A long-term test to
check for pacing ability was additionally performed. Every pacing im-
pulse was recorded during the test. An in-depth analysis of the
recorded pacing impulses confirmed normal pacemaker function. No
temporary or permanent loss of capacity of the battery was noted.
The pacemaker appeared to function properly. There were no devia-
tions from technical standard. The extracted leads also conformed to
the technical specification. By signing the consent form the patient
agreed to use her anonymous medical data for research purposes
and publication.

Discussion

Injuries due to a lightning strike are considered a rare occurrence but
being struck by lightning with a pacemaker or an ICD is even less
common.12,13

Cardiac manifestations in patients with storm-related injuries may
include asystole, followed by sinus tachycardia, atrial fibrillation, al-
though ventricular tachycardia and ventricular fibrillation are equally
probable.6–11 Other complications are associated with transient re-
gional wall motion abnormalities to a varying degree.9 Burns after
lightning strikes are typical and occur at the border between dry and
wet skin and around metal items in the clothes.14 In our patient it was
a metal part of her bra.

In the present case, the cause of cardiac arrhythmia was most
probably electrical burn at the endocardial-electrode interface and a
sudden elevation of the pacing threshold leading to transient pacing
failure in both PM channels. An increase in impulse amplitude
resulted in paced ventricular beats and secondary endless loop tachy-
cardia. Because endocardial injury under the electrode was irrevers-
ible, it was necessary to remove the lead. In our patient shock after
being struck by lightning could have resulted from left ventricular dys-
function and takotsubo cardiomyopathy.

To the best of our knowledge, in this case presentation we first
described permanent lightning-induced pacemaker dysfunction.
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Figure 3 The old and a new DDD pacing system (before and
after replacement of the whole system).
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