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Research experience

Cardiac activation mapping 
to guide arrhythmia surgery

Modeling the 
electrocardiogram

Identification of patients with a higher risk of sudden 
death after myocardial infarction (2600 patients)
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The heart: a pump
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Electrical activity of cardiac cells
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Propagation of cardiac 
electrical activation
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Normal electrical activation
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Coronary artery disease 

Partial occlusion: ischemia
Complete occlusion: infarction 
(scar)
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Abnormal propagation: reentry
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Ventricular fibrillation
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Ventricular defibrillation
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TASER:  increased heart rate 
due to nervous stimulation

137 beats/min

72 beats/min 

Levine et al. J Emerg Med. 2007; 33(2):113-7

IN ALL CASES
Autonomic 
nervous 
system
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In man: Cao et al. J Cardiovasc Electrophysiol. 2007;18(8):876-9
In pigs: Nanthakumar et al.  J Am Coll Cardiol. 2006; 15;48(4):798-804

capture

TASER:  increased heart rate 
due to direct stimulation

IN CASES WHERE 
SUFFICIENT CURRENT 
FLOWS IN THE HEART
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TASER: possibility of 
ventricular fibrillation

VF in pigs: Nanthakumar et al. J Am Coll Cardiol. 2006; 15;48(4):798
Wu et al. IEEE Trans Biomed Eng. 2007;54(3):503-8. 

UNLIKELY BECAUSE OF 
INSUFFICIENT CURRENT 
FROM A NORMAL TASER
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Does heart disease increases 
the risk of death after TASER ?
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An epidemiological approach:
Statistical associations between TASER 
related deaths and heart diseases

Analogy between TASER and :
1. Stress test
2. Programmed electrical stimulation 

protocol 

Plausible mechanisms 
P Savard, POLY Montréal



Strote & Range Hutson, Univ. Of Washington Medical Center

(Prehosp Emerg Care. 2006;10(4):447-50)

Period of study 2001-2004

‘Unexplained’ fatalities < 24 h after TASER shocks 75

Autopsy reports available 37

Coronary disease, cardiomyopathy 54%

Illegal substance 78%

Excited delirium diagnosis 76%

TASER: a potential or contributory cause of death 27%

TASER related deaths
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Prevalence of heart disease

(* MI/angina/CHD, Center for Disease Control and Prevention, 2005) 

54%

8.2 %
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The difference is 
statistically very 

significant
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Analogy #1: stress test
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To detect coronary artery disease

Faster rate and 
ECG changes
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Plausible mechanism #1
TASER shocks (like stress tests) increase the 
heart rate through the autonomic nervous 
system
In subjects with coronary artery disease:

The blood flow is insufficient to satisfy the 
increased cardiac metabolic needs (ischemia) 
Some ischemic tissue may show abnormal 
automaticity and generate ventricular tachycardia, 
that can be followed by ventricular fibrillation

A defibrillator is always on standby during stress 
tests!
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Analogy #2:  Programmed 
electrical stimulation protocol

NORMAL

catheter
ventricular 
tachycardia
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Shorter 
interval: 
like the 
TASER!

To detect arrhythmias & assess drugs 
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NORMALventricular tachycardia

ventricular 
fibrillation

Abnormal substrate: 
e.g. myocardial infarction

22

Analogy #2:  Programmed 
electrical stimulation protocol

P Savard, POLY Montréal



23

Plausible mechanism #2
TASER shocks (like programmed electrical 
stimulation) can produce shorter coupling 
intervals between heart beats

In patients with old myocardial infarction, 
cardiomyopathy, WPW syndrome, etc.:

Shorter intervals can produce conduction blocks 
and reentrant activation 

This abnormal propagation can produce ventricular 
tachycardia, followed later by fibrillation

A defibrillator is always on standby during 
programmed stimulation!
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Conclusions (1)

24

A strong statistical association between TASER related 
deaths and heart diseases can be implied from the 
paper of Strote & Range Hutson

Possible limitations: a single study (but the largest) with 
possible selection bias (not all subjects were included) 
and some confounding factors (drugs, excited delirium)

The known effects of the TASER on the heart rate are 
similar to those of two standard cardiology tests that 
necessitate the use of defibrillators because of their 
inherent risk: 

Stress test 
Programmed electrical stimulation protocol
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Conclusions (2)
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Two plausible mechanisms can explain the delay 
between TASER shocks and death in subjects with 
heart diseases :

Ischemia, in subjects with coronary artery disease

Induced ventricular tachycardia, in arrhythmia-prone 
subjects (old myocardial infarction, cardiomyopathy, 
Wolff-Parkinson-White syndrome, etc.)

Other mechanisms are also plausible: 
Rupture of an aneurysm due to increased arterial 
pressure caused by the increased heart rate
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Conclusions (3)

26

Heart disease increases the probability of death after 
TASER shocks 

Studies on healthy subjects or healthy animals are 
insufficient to conclude that the TASER is completely 
safe
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It is important to remember that the very nature of use of force and 
physical incapacitation involves a degree of risk that someone will get 
hurt or may even be killed due to physical exertion, unforeseen 
circumstances and individual susceptibilities 27



Questions
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A reentry circuit
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X26
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M26
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Stimulation threshold for a 
current pulse
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Pulse duration
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