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0.0 FREQUENTLY ASKED QUESTIONS
In well over a century of medical, scientific, and electrical research there is no
support for speculations that the minimal amount of current and energy delivered
into a human body by a TASER® ECD (electronic control device) discharge, or
discharges, is likely, or even medically or scientifically possible, to directly cause
clinically significant adverse effects, serious injury or death.
Q. Does a TASER ECD actually deliver 50,000 V (volts)?
No. The TASER X26™ ECD delivers an average 400 V in its short duration (100
µs) pulse. The older M26 did deliver a 5 kV peak. See Page 17.
Q. Does the TASER X26 actually deliver 26 watts of power to a subject?
No. it is closer to 1.3 watts. See Page 17
Q. Has anyone actually been killed by a TASER ECD?
No. The only deaths scientifically linked to an ECD were those of 6 resisting subjects who indirectly sustained head injuries secondarily after ECD induced falls.
See Page 54.
Q. Is there any danger from an ECD to a person with a pacemaker or an implantable defibrillator?
In general, no. There is no risk with an implantable defibrillator. There is a theoretical tiny risk for someone with certain older pacemaker models but no such
ECD induced injury has ever been recorded. See Page 48.
Q. How many human beings have taken a TASER ECD hit so far?
About 1,400,000 as of July 2008. See Page 76.
Q, Is it true that TASER ECDs have more medical testing than a pacemaker?
Yes. A new type of cardiac pacemaker is tested on 30-60 patients before it is
sold. The TASER X26 was tested on 300 people before the first one was sold.
See Page 48.
Q. Are long duration ECD exposures or simultaneous ECD multiple hits more
dangerous?
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No. Electricity does not build up in the body like a poison. See Pages 38 and 47.
The ECD pulses are very short in duration with a long corresponding interval of
non-delivery of charge. Thus, the pulses from multiple devices have a low probability of simultaneous time or circuit overlap.
Q. Does cocaine intoxication increase the risk with the use of an ECD?
No. See Page 41.
Q. Does the TASER ECD cause a severe muscle contraction?
No. The force of the contractions are about 40% of what a person would voluntarily develop with weight lifting. See Page 22
Q. Is it true that the AMA (American Medical Association) does not recognize
“excited delirium” or “excited delirium syndrome” as a diagnosis?
Yes, but only by logic concluding that the AMA does not recognize bullet wounds
either as the AMA CPT® (Current Procedural Terminology) coding database
deals with procedures and not diagnoses. See Page 59.
Q. Why do some subjects die after an ECD application?
For the same reasons that they die after the application of handcuffs. And, for the
same reasons that 800 people die per year in North America of arrest-related
death. See Page 57.
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0.3 ELECTRICAL GLOSSARY:
Current

Measure of the number of electrons per second flowing along an electrical path. Unit is the “ampere” (A).

Voltage

Electrical pressure pushing an electrical current. Unit is the “volt” (V).

Resistance

Measure of resistance to electrical current. Unit is the “ohm” (Ω)

milli (m) A thousandth of a unit. For example a mA (“milliampere”) equals 0.001
amperes (or 10-3 amperes).
micro (µ) A millionth of a unit. For example a µA (“microampere”) equals
0.000001 amperes (or 10-6 amperes).
kilo (k)

One thousand of a unit. For example a kA (“kiloampere”) equals 1000
amperes.

mega (M) One million of a unit. For example a MA (“megampere”) equals
1,000,000 amperes.
volt (V)

Unit of voltage classically defined as the voltage from a certain type of
battery cell.

coulomb (C) the total number of electrons moved over a given period of time. A
coulomb (C) is the SI (International System of Units) base unit of electric charge. One coulomb is equal to 6.24150962915265 × 1018, or approximately 6.24 quintillion, electrons or elementary charges. One C is
the amount of electric charge transported by a current of 1 A in 1 second (s).
ampere (A) The SI base unit of electric current or amount of electric charge per
second. Unit of current equal to 1 coulomb of charge per second or
6,240,000,000,000,000,000 electrons per second.
joule (J) The SI unit of electrical, mechanical, and thermal energy. A joule is the
unit of electrical energy equal to the work done when a current of 1 A is
passed through a resistance of 1 Ω for 1 s. Hence, 1 W of power = 1 J
of Energy per second. Unit of energy approximately equal to 0.2388
calories of heat energy.

9

watt (W) The SI derived unit of power, equal to delivery of 1 joule of energy per
second. A watt is a small amount of power. A person climbing a flight
of stairs is doing work at a rate of approximately 200 W. Power is a
function of the voltage and the current. Also equals 1/746 horsepower.
ohm (Ω) The amount of resistance that requires 1 volt of pressure to push 1
ampere of current through a path.
hertz (Hz) Cycles per second of frequency.

0.4 HEART RHYTHM GLOSSARY
Sinus rhythm:
Actually, the good rhythm. Normal “sinus” rhythm means the
heart is beating normally.
Ventricular fibrillation:
Chaotic electrical activity in which no pumping occurs.
If found in the ventricle this is called VF (ventricular fibrillation) and the patient will
die unless promptly defibrillated with a strong shock.
Asystole:
“Flatline” rhythm with zero or almost zero electrical activity. Not inducible with electrical stimulation. Very common with excited delirium with or
without any ECD involvement.
PEA or Pulseless electrical activity. The heart has some moderate rate electrical
activity but there is no mechanical response.
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1. HOW DO ELECTRONIC CONTROL DEVICES WORK?
The TASER® ECD (electronic control device) (or device) is designed to function
by delivering carefully tuned (short duration and low energy) pulses to the motor
neuron system to capture skeletal muscles and prevent a person from harming
themselves or others.1 These are small battery operated handheld devices.
1.1. Summary of Relevant Cardiac Physiology and Pathology
A cardiac arrest is the complete cessation of the heartbeat and results in death in
seconds. This is almost always due to VF (). This is not a “heart attack” or “heart
failure.”
The heart consists of four main chambers called the left and right atria and the
left and right ventricles as seen in Figure 1. The heartbeat signal originates in the
right atrium and travels down to the ventricles.

Figure 1. The heart has 4 chambers and 4 valves.

During rest, the heart beats about 70 times per minute in the adult male, while
pumping about 5 liters of blood in that minute. The cells of the pacemaker region
(of the heart) oscillate spontaneously about 70 times each minute. This, in turn,
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initiates a similar discharge of the nearby muscle fibers of the atrium. A tiny electrical signal sweeps over the atria, causing them to contract.
When this signal reaches the border between the atria and the ventricles, it is
picked up by the AV (atrio-ventricular) node. This delays the signal slightly (about
0.1 of a second) to allow the ventricles to fill with the blood from the atria. The AV
node then connects to a system of branching fibers that carries the electrical current to all parts of the ventricles.
The contraction of the ventricles (lower chambers of the heart) in response to this
electrical activity is called systole. A period of recovery follows called diastole.
Here the heart muscle relaxes and the atria refill.
The electrical activity of the heart can be detected by electrodes placed at the
surface of the body. Analysis of an EKG (electrocardiogram or ECG) aids in determining, for example, the existence of damage following a heart attack. This is
because death of a portion of the heart muscle blocks electrical transmission
through that area and alters the appearance of the EKG.
In VF, impulses arising in the ventricles are disorganized and random. If this
happens, the ventricles begin to twitch spasmodically. In VF, blood flow ceases
and — unless the heart rhythm is reset — death follows swiftly — within seconds.
In fact, VF is the immediate cause of as many as 25% of all deaths.
Hospital emergency departments, ambulances, and (recently) commercial aircraft and grade schools are routinely equipped with AEDs (automatic external
defibrillators) which, by giving the heart a strong jolt of direct electrical current,
will typically reset its rhythm and restore the victim’s life.
The coronary arteries feed blood back to the heart muscle itself. When an artery
is blocked the muscle being fed by this artery will die. This is called a “heart attack” or “myocardial infarction.” Sometimes the heart is so weakened by the heart
attack that it slowly wears out and the patient dies after a few years. This slow
death is referred to as “heart failure.”
VF (the most common type of cardiac arrest) is an electrical riot of the heart cells.
It results in death in seconds. It is not a heart attack; it is not heart failure.
Automobile analogies may be helpful. The heart attack is a fuel problem in that
the fuel (blood) is being restricted from getting to the heart muscle itself. VF is an
electrical conduction disturbance, or absence of coordinated electrical impulse,
problem in the heart. Finally, heart failure is the engine simply slowly wearing out.
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Table 1. Most common lethal cardiac problems.
Condition

Car Analogy

Caused by

Typical time to death

Myocardial infarction
(heart attack)

Fuel problem

Blocked artery

1 minute to 1 year

Cardiac arrest

Electrical problem

Typically
fibrillation

5-10 seconds

Heart failure

Engine wearing out

Typically
heart attack

ventricular
nonfatal

5-10 years

1.2. Relevant Electrical Principles
It is helpful to understand some basic electrical terms to explain how the ECD
pulses are actually weaker than a strong winter static electrical shock.
Electrical current is merely the number of electrons flowing in a circuit per second. Since the number of electrons per second is very large, the term “ampere”
(abbreviated “A”) is used to represent a large number of these electrons per second. The ampere is a measure of the rate of flow of the electrons. Thus, 1 A is a
flow rate of 1 C (coulomb) in one second. A coulomb is approximately 6.24 quintillion electrons. While a very large number, 6.24 quintillion electrons, is approximately equivalent to the number of water molecules in two (2) drops of water.
The “voltage” is merely the electrical pressure pushing the current down its path.
A volt is roughly the voltage from a single battery cell and this was its classic
definition.
Qualitatively, it makes sense that a high resistance path would allow less electrical current for the same electrical pressure or voltage. (This is just like a thin water hose requiring more pressure to push water through it.) In fact, this is quantitatively exactly how the Ω (ohm) of resistance is defined. It is the voltage divided
by the current.
Steady shocks of current flowing through the human chest of 1/3 (0.33) ampere
are typically fatal. Yet, a strong static electricity shock can have 100 times that
much peak current — 30 A. The reason that the 30 A peak static shock is not fatal is that the pulse of the static electrical discharge is too short in duration to affect the heart.2
The area under the current curve (see Figure 2 for example) is called the “electrical charge.” That is the total number of electrons delivered. The charge from a
TASER X26™ (X26) is about 100 µC (microcoulombs) or about
624,000,000,000,000 electrons. The charge from the main pulse of the ADVANCED TASER M26™ (M26) is about 85 µC. Due to the high frequency of the
M26 waveform, the net charge only 32 µC vs. the 88 µC of the X26.
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Figure 2. Output waveform of TASER X26 ECD in tissue. The output circuit is designed to
deliver a constant charge per pulse. Thus the output current is largely load independent.

In comparison, an AED (automatic external defibrillator) delivers appropriately 40
mC (millicoulombs) into the person at discharge. Thus, the AED delivers approximately 400 times the charge of a TASER ECD.
1.3. How Does the ECD Indirectly Capture Muscles?
The TASER ECD delivers a rapid series of very short duration (10-100 µs) electrical pulses. Each pulse has less peak current than a strong static electricity
shock that one could get from a doorknob on a winter day. See Figure 3. Just as
a strong static shock temporarily incapacitates someone, this series of 19 very
short duration shocks per second delivered in probe-mode from the TASER X26
will likely temporarily incapacitate a person.
The ultra-short electrical pulses applied by TASER ECDs are intended to stimulate A-α motor neurons, which are the nerves that control skeletal muscle contraction, without stimulating cardiac muscle.
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Figure 3 TASER X26 peak currents are much lower than those of a strong static shock.
The defibrillator pulse is 1 million times longer in duration than the static shock. Used by
permission of IEEE Spectrum.

1.4. The Importance of Pulse Durations
Nerve and cardiac electrical stimulation is accurately described by the strengthduration curve applied to the average pulse current.3 The threshold for stimulation with pulses of infinite duration is the lowest and is called the “rheobase.” The
threshold for shorter stimulation pulses then rise up from the rheobase (minimal)
levels of current as the pulse is shortened. The duration at which the required
current doubles is called the “chronaxie,” abbreviated dc. Pulses with duration
near the chronaxie are most energy efficient for stimulation.
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Figure 4 The threshold in amperes for the capture of the A-α motor neurons as a function
of the pulse duration. Note that narrow pulses require much more current.

Figure 4 shows a representative strength-duration curve for widespread transcutaneous stimulation of A-α motor neurons which control skeletal muscle contraction. The rheobase for A-α motor neurons is approximately 1 A (ampere) with a
chronaxie of 100 µs (microseconds). In contrast, the cardiac chronaxie, for
transcutaneous stimulation, is 3–5 ms (milliseconds) or 30–50 times longer in
pulse duration.
Figure 5 shows the relative energy requirements to capture the A-α motor neurons with different pulse widths. Note that the most energy efficient pulse width is
about 100 µs.

Figure 5 The threshold in mJ (millijoules) for the capture of the A-α motor neurons as a
function of the pulse duration.
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1.5. TASER Electronic Control Devices Electrical Characteristics Table
Electrical
Output
Characteristic

TASER X26 and C2

TASER M26

Waveform

Complex (a single cycle 100 kHz arcing
phase followed by monophasic 100 µs
stimulation phase). Has a 48 µs decay time
constant

50 kHz damped oscillation
with a 17 µs decay time
constant

Pulse Rate

19 PPS (pulses per second) crystal controlled. For C2 this drops to 12 pps for
15 s, goes back to 19 pps for 2 and then 8
pps for the last 8 s.

20 ± 25% pps with NiMH
rechargeable cells
15 ± 25% pps with Alkaline
cells

Pulse Duration

100 µs

40 µs full waveform
10 µs main phase

Total per second
discharge time (“on”
time)

0.0019 seconds. Less for C2 on (average)

0.0008 seconds (at 20 pps)

Timing parameters

A “delivered” parameter represents quantities that enter a subject’s body when a circuit is completed and current is delivered from the ECD. Measured with a 400 Ω load.
Voltage - peak
Voltage - avg. over
duration of main
phase
Voltage - avg. over
duration of full pulse
Voltage - average
over one second

1,200 V

5,000 V

442 V

3,400 V

400 V

320 V

0.84 V (0.56 average for C2)

1.44 V

Current - average
over one second

2.1 mA (average rectified current)
1.9 mA current from main phase which is a
better estimate of stimulation capacity.
These are 1.4 and 1.3 mA respectively for
the C2

3.6 mA (average rectified
current)
1.7 mA current from main
phase which is a better estimate of stimulation capacity

Energy per pulse

0.07 J

0.50 J

Delivered charge main phase

100 µC, 88 µC net

85 µC, 32 µC net

Power

1.33 W (watts)
0.88 average for C2

7.39 W at 15 pps

Pulse current

1 A average current during 100 µs pulse

8.5 A average current during 10 µs main phase
0.8 A average current during 40 µs full pulse
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Parameters not reflecting delivery to the body
Voltage - peak (open
circuit arcing - 5 cm
arc)

50,000 V

50,000 V

Energy per pulse - at
main capacitor

0.36 J

1.76 J

Power delivered
main capacitor

6.84 W (4.52 W for C2)

26 W at 15 pps

Battery

Digital Power Magazine (DPM) or eXtended DPM (XDPM)
Two 3 V camera cells (Duracell® Ultra,
CR123A)

8 - AA NiMH® cells (1.2 V per
cell) or
8 - AA Alkaline cells (1.5 V per
cell)

Expected number of
device
discharges
from fresh battery

Approximately 195 discharges of 5second each depending on temperature,
battery charge and load characteristics.

200–300 typical, depending
on
temperature,
battery
charge and load characteristics.

Expected number of
pulses per battery

20,000

6,000

to

Power Source

1.6. The TASER ECD Waveforms
The X26 average pulse voltage — which is what actually leads to stimulation —
is actually only 400 volts. The device also generates an open-circuit (arcing)
voltage of up to 50,000 V to arc through air or across thick clothing but that
voltage is never seen in, or “delivered” unto the body. Briefly, the pulse generated is a specially designed short pulse with a pulse duration of about 100 µs
to efficiently capture alpha motor neurons while having minimal cardiac effects.4,5
These devices should not be confused with a generic “stun gun” which uses various high frequency electrical currents, over a short fixed-electrode vector (current
pathway), to cause pain without any significant motor neuron activation that
would cause skeletal muscle capture.
The typical electrical charge delivered is 100 µC (microcoulombs) giving an average net current of approximately 2 mA (milliamperes) (~ 1.9 mA =19 pulses per
second • 100 µC). As seen in Figure 2, the peak current of the normal pulse is
about 3 amperes.
In probe deployment mode, the M26 and X26 devices use compressed nitrogen
to fire 2 small probes at distances up to 7.7 m (25 feet). TASER cartridge models
are available to reach out to 11 m (35 feet) as well. These probes, which are designed to pierce or become lodged in most light clothing, are discharged from the
cartridge at a velocity of approximately 60 mps (200 fps) and can penetrate the
body to a depth of no more than 13 mm. The X26 is 60% smaller, 60% lighter,
and consumes 20% of the power of the M26. Yet, the direct incapacitating effect
18

of the X26 has been estimated to be 5% greater than that of the M26 due to the
more optimal pulse waveform.

Figure 6 ADVANCED TASER M26 output waveform into a 400 Ω load. Due to the short duty
cycle, the net average effective current is < 1 mA compared to the instantaneous peak current of 15 A or more.

The TASER M26 delivers damped sine wave current pulses with a fundamental
frequency of 50 kHz (kilohertz) as seen in Figure 6. The main phase has a peak
current of about 15 A and an average pulse current of about 8.5 A. The M26
output voltage will vary with contact impedance and may exceed 50,000 V
to arc through air or clothing when the probes are not directly contacting
the body; it drops to a delivered voltage of about 3,000–5,000 V when contact is made. The first, main cycle (or primary phase) is about 10 µs long and
delivers the charge to cause the A-α motor neuron capture. The charge in this
phase is about 85 µC. The other phases do not appear to contribute to the contraction but actually cancel some of the effects of the principle phase as far as
cardiac stimulation.
1.7 Selective Nerve Stimulation
As discussed earlier in the “Importance of Pulse Durations” section, the lowcurrent, brief pulse-width stimulus train applied (in probe deployment mode) is
intended primarily to capture the motor neurons and cause the activation of
skeletal muscle contraction (thus disabling the target individual through incapacitation of their ability to voluntarily move and to stand). It will also elicit strong sensation overload and discomfort. An important safety concern of the electrical
weapon technology is to significantly minimize or eliminate stimulation of the
heart, which could cause life-threatening arrhythmias or cardiac arrest. The factors of low-current and — in particular — brief pulse duration nature of the stim19

uli, are inherently protective against such cardiac events along with the lack of
current penetration deep within the torso to reach the heart itself.
In general, skeletal muscle activation by electrical stimulation is elicited by excitation of α -motor neurons which innervate such muscle fibers. This fact often
comes as a surprise, in that skeletal muscle cells are themselves excitable. Recall that “rheobase” is defined as the minimum stimulus strength necessary (generally occurring at long stimulus durations or pulse widths) and “chronaxie” is the
stimulus duration needed at twice the rheobase stimulus strength (as a measure
of how steeply the strength-duration relationship rises for brief stimulus durations).
Excitability of skeletal muscle, per se, is far less than that of their motor neuron
cells in that both rheobase and chronaxie values of skeletal muscle are higher
than those of the myelinated nerve axons which innervate them. Thus there is
essentially zero direct activation of skeletal muscle cells. Sensations of pain, discomfort, sensory overload, etc. in response to electrical weapon stimuli would be
expected to result from a host of sensory nerve fiber types, to some extent dependent upon the specific locations of electrical weapon probe attachment to the
body (as well as the specific tissues located between and near the probes in
what might be called the “capture” zone of the probes where excitable cells are
likely activated).
Electrical Stimulation of Motor and Sensory Nerves
Electrical stimulation of motor or sensory nerves can be achieved in general if an
imposed electric field near such nerves is sufficient in amplitude, timing and spatial extent to depolarize (i.e. shift the cell’s membrane potential in a positive direction) the cell to “threshold” (where an action potential is elicited). Rattay’s “activating function” modeling approach to nerve excitation implies that relatively long,
straight cell processes (such as the axons of α-motor neurons which may be up
to 1 meter in length as they pass from their cell bodies out to muscles in the extremities) are stimulated according to the shape of the E field (i.e. electric field)
imposed along their lengths where changes in the E field (which will also correlate to changes in the current density J) bring about stimulation.6
In this brief analysis, however, we will focus only upon a corollary to Rattay’s
theory which also states that where nerve cells start and stop (i.e. at their cell
body or at their connections to other cells such as at skeletal muscle innervation
sites or at the end receptors of sensory cells, etc.) or where such cells bend with
respect to the imposed E field then stimulation thresholds tend to correlate well to
the magnitude itself of the imposed E field (or current density J).
The largest diameter myelinated α-motor neuron axons (which innervate skeletal
muscle fibers) tend to have relatively low electrical thresholds. This is because, in
general, threshold correlates inversely with cell diameter (so larger diameter cells
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are easier to stimulate). Large 20-micron diameter α -motor neuron axons require
an E field minimum of about 6 V/m (volts per meter) (or 60 mV/cm) along each
cell at threshold which in theory then scales inversely with diameter (threshold
doubles for fibers half the size, etc.).7,8 Thresholds for relatively brief stimulation
pulses then rise up from minimal (rheobase) levels of current. The degree of
threshold increase with decreased pulse width is often described in terms of a
strength-duration “time constant” (τ pronounced “tau”) which, in turn, is related to
the “chronaxie.”* A quick and relatively simplistic review of the sizes of a range of
motor and sensory nerve myelinated axons then predicts the following approximate rheobase E field threshold levels and corresponding strength duration time
constants:
Outline of Selective Stimulation Parameters
Motor Efferents and Afferents (τ about 80-150 µs)
Motor neuron axons (lead to skeletal muscle contraction)
A- α myelinated fibers
About 13 microns (8-20 microns) diameter
About 9 V/m threshold (6-15 V/m)
Muscle spindles (participate in stretch reflex of skeletal muscle)
Ia A- α myelinated fibers
About 17 microns (13-20 microns) diameter
About 7 V/m threshold (6-9 V/m)
Golgi tendon organs (sense muscle tension)
Ib A- α myelinated fibers
About 16 microns (12-19 microns) diameter
About 7.5 V/m threshold (6-10 V/m)
Sensory cutaneous and sharp pain
Cutaneous tactile receptors, vibration, fine touch (τ about 30 µs)9
II A-ß and A-γ myelinated fibers
About 8 microns (2-15 microns) diameter
About 15 V/m threshold (8-60 V/m)

*

Depending upon the strength-duration model used, time constant τ can be thought of as about
equal to the chronaxie, or as about equal to 1.4 times the chronaxie level. Note also that strength
duration time constant and chronaxie are known to vary quite a bit depending upon the exact
means of stimulation and the spatial extent of the stimulation field with respect to the tissues excited.
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Sharp pain, temperature, crude touch (τ about 650 µs)
III A-δ myelinated fibers
About 3 microns (1-5 microns) diameter
About 40 V/m threshold (24-120 V/m)
Perceptions of pain, discomfort, and sensation overload are carried not only by
the myelinated axons as described above (type III A- δ fibers) but also by small,
nonmyelinated type IV C axons. These are the cells thought to be responsible for
dull, aching diffuse pain (as opposed to the sharper pain carried by type III fibers). From the work of Li and Bak10 it can be estimated that C fibers have stimulation thresholds about 20 times higher than those of sensory A fibers. Specifically:
Dull, diffuse pain; post-ganglionic autonomic fibers (τ about 500-600 µs;
estimated from Li and Bak)10
IV C unmyelinated fibers
About 0.5-2 microns diameter
Thresholds of about 500 V/m or higher.
Cardiac vs. Muscle Stimulation
By comparison to motor or sensory myelinated nerves, the heart’s excitability (as
in pacing of the heart) is relatively low for brief stimuli. This is because, despite
the fact that the minimum (rheobase) level of stimulus needed for long duration
pulses is probably similar between cardiac cells and myelinated nerves8 cardiac
strength-duration time constants are about 2-3 ms or higher (i.e. at least 10-20
times higher than the A- α motor neuron fibers which control skeletal muscle contraction). The heart is also located deep within the torso (as opposed to the
skeletal muscle which comprises much of the superficial layers of the torso and
into which electrical weapon probes may penetrate if they embed just below the
skin). Thus, relatively little, if any, current will pass through the heart. This effect
of relatively low penetration into the heart given surface or near-surface stimulation of tissues is well known and well studied both in the electrical safety literature as well as the medical literature of transthoracic pacing and defibrillation.
After Effects
Muscles immediately relax after the nerve signals are released. This is most
clearly demonstrated by the numerous videos of ECD-exposure volunteers getting up immediately after an exposure.
1.8 The Strength of the Contraction
it is commonly believed that the induced muscle contraction is severe. In fact, it is
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actually quite moderate. The MVIMC (Maximum Voluntary Isometric Muscle Contraction) strength is that which a volunteer will attain. This can be measured with
nearly any muscle in the body and will necessarily be far lower in unconditioned
volunteers compared to weight-lifters, for example due to the differences in muscle mass. Nevertheless it can be measured in anyone.
Gregory, et al measured the strength of the quadriceps muscle in volunteers both
with and without transcutaneous muscle stimulation.11 Based on his results, the
charge per pulse and pulse rate of the X26 should give a contraction of 20% of
the MVIMC. Sweeney did a computer model with the X26 output and estimated
that the stimulation capability of the X26 is about 45% of maximal.12
Jauchem measured the strength of the limb contractions in swine.13 They were
found to be less than that required for the pig to support their own weight on 2
limbs thus not severe by any means.
1.9 Conclusion
The TASER X26 delivers a somewhat complex “shaped” stimulation waveform
that (to a first approximation) appears as a pseudo monophasic (half sinusoid)
pulse of about 100 µs duration every 53 ms (delivering peak currents that can
range over several amperes but with only about 88 µC of net charge delivered).
This waveform is shown in Figure 2. From both efficacy (in terms of efficiently activating skeletal muscle between and near the probes) and safety (in terms of activating skeletal muscle with a wide safety margin in comparison to corresponding current levels that would be needed to excite or fibrillate the heart) viewpoints, the TASER X26 stimulus pulse appears to be well designed for optimla
muscle control and optimal cardiac safety.
The duration of the X26 stimulus pulse is on the order of the strength-duration
time constant τ  (and chronaxie) for electrical excitation of the α motor neuron fibers which innervate and control the contraction of skeletal muscle, making it an
effective stimulus in terms of pulse duration. It appears likely that reflex activation
of additional skeletal muscle response may also occur through excitation of motor afferent myelinated nerves.†
The very short duration of the X26 pulse is also likely to result in widespread excitation of cutaneous myelinated nerves responsible in normal function for
senses of touch, pressure, vibration, pain, and temperature. There is a modest

†

Skeletal muscle not contained within the “target” zone of the electrical weapon probes might
also be activated if motor afferent or efferent nerves are stimulated which then innervate more
distant musculature (as in the instance where nervous structures within or entering or leaving the
spinal cord might be excited).
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separation of the duration of the X26 pulse (again, about 100 µs in duration) in
comparison to the time constant values for excitation of the type III A-α myelinated nerve fibers responsible for “sharp” pain (τ equal to about 650 µs) as well
as for activation of C fibers responsible for dull or aching pain (τ ~ 500-600 µs).
Therefore activation of nerves responsible for perception of pain (at least in normal sensation) would certainly be higher if the X26 pulse were increased in duration.‡ C fibers also have notably higher thresholds (in terms of rheobase E fields
necessary to stimulate) than myelinated motor or sensory nerve fibers.

‡

The subject of the nature and qualities of sensory perception through electrical stimulation is
also well studied; of note is the qualifier that perception is known to vary when stimulation is compared to normal sensation where the (presumably) same nerve fibers are activated. Sensation
with electrical stimulation tends to be “less natural”, and more difficult to describe due to the unnatural simultaneous sensory nerve activation.
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2. TASER ECDS CANNOT HARM THE HEART
2.1 What is Electrocution?
“Electrocution” is the term first coined in the late 1800s to describe the government’s execution of a criminal by use of electricity. It was a contraction of “electrical execution.” Today the term “electrocution” is more broadly used to describe
the induction of a cardiac arrest by the application of, or exposure to, electrical
shock. This is what has inappropriately been theorized as the mechanism by
which a TASER ECD could allegedly kill a person. It is an immediate death — on
the order of seconds (≤ 5 seconds) — as electricity does not linger or build up in
the body like a poison.14-22
The Rhythms of Cardiac Arrest
The electrical induction of VF has recently become one of the best scientifically
researched causes of death. Paradoxically, this is due to the surgical implantation of lifesaving ICDs (implantable cardioverter defibrillators) about 500 times
per day when an EP (cardiac electrophysiologist) will intentionally electrocute
(use electricity to induce a cardiac arrest) a patient.23,24 The ICD will then recognize the ensuing electrically induced VF and deliver a lifesaving electrical shock
thus verifying the ICD’s proper function.
Table 2. Cardiac Arrest Rhythms
Rhythm

Inducible
electrically

Relationship to drug overdoses or excited delirium

EKG

Yes

Uncommon

Rapid jagged
appearing

Asystole

No*

Most common

Flat-line (may have sporadic blip)

PEA (pulseless electrical activity)

No

Common

Repeating signal in normal heart rate range.

Ventricular
tion

fibrilla-

random

*Massive nerve or brain damage from lightning or power-line electrocution can lead to asystole but this is not
the result of stimulation of the heart.

From this experience of over 1,000,000 such intentional electrocutions, certain
facts have been medically and scientifically established beyond any shadow of a
doubt:
1. VF is either induced or not induced within 1-5 seconds. 16,17,20,22,25
2. Rhythms of asystole and PEA (pulseless electrical activity) are not induced by the electrical pulses. See Table 2.
3. The cardiac pulse disappears immediately.26
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4. The patient loses consciousness within 5-15 seconds.
5. A sufficiently strong defibrillation shock—either internal or external—
restores a cardiac sinus rhythm 99.9% of the time. 25
6. There is no increased risk of a later VF since electrical current does not
linger, or build up, in the body as a poison or drug might.
These scientific findings sometimes appear to be appreciated by only a few media reporters. The majority of medical examiners do understand these facts as
can be seen from the increasing sophistication of autopsies in media misreported
cases.
2.2 No Single TASER ECD Pulse Can Induce VF
The TASER ECD cannot induce VF.27 The battery powered hand-held TASER
ECD has very brief duration high currents and just like a strong static electricity
shock, the very brief electrical pulses are significantly too short in duration and
low in net current to affect the heart as described above.
Different Duration Definitions
The term “duration” is used in the study of electrophysiology with 2 very different
scales.
1. Pulse duration. This is the width of an individual electrical pulse and is
typically 1 ms or even far less. For example the pulse duration of an X26
ECD is about 0.1 ms or 100 µs. This duration is on the scale that a nerve
cell requires to be stimulated.
2. Shock or application duration. This refers to the total length of time that an
electrical current is applied on the order of time that a human could estimate it. This is typically 1 second or more. For example, the programmed
X26 application duration is 5 seconds. During that time it will deliver 95 (=
19 pps x 5 seconds) of the short duration pulses.
Cardiac Rhythm Safety Margin Calculations
As of July 2008, TASER devices were used in over 750,000 voluntary training
exposures and 600,000 field uses (total of about 1.4 million human uses). There
is no credible evidence of a resulting cardiac arrhythmia as there have been no
well-documented cases of onset of VF within 10 seconds of the application.28
The safety margin of the TASER device outputs can be quantified by comparing
them to published scientific data on the electrical induction of VF (the main cause
of cardiac arrest).
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There are two primary ways to deliver an electrical shock to induce VF. The first
is to deliver a sufficiently strong single shock during a the vulnerable point of the
heartbeat cycle. (The multiple pulse method is covered in Section 2.3) The vulnerable period, is called the “T-wave.” See Figure 7. More accurately it is the
first half of the T-wave.29

Figure 7. Normal EKG (electrocardiogram or ECG). The tall spike is the R-wave. The
rounded positive humps before and after are the P-wave and T-wave respectively.

The Urban Myth of “Russian Roulette”
The suggestion that the TASER device could induce VF by shocking into the vulnerable period of the heartbeat cycle has been referred to as “Russian Roulette,”
“Lightning Lottery,” or the “Tailspin.”
The Northern California branch of the ACLU (American Civil Liberties Union) issued a report, with some cardiologist quotes, that gave one the impression that
each time a law enforcement officer uses the TASER ECD, they are playing a
lottery game.30 I.e., once in a while, they will hit a lucky (or un-lucky) spot in the
cardiac cycle and kill the person.
As will be explained below, nearly every ECD application will provide stimulation
during the vulnerable period but the strength of the stimulation is significantly below the VF threshold.
The “vulnerable” period of the cardiac rhythm is also the point where a blunt mechanical shock could cause VF in a syndrome known as commotio cordis. The
most vulnerable section is the first half of the T-wave and this lasts about 54 ms
(milliseconds, or .0054 seconds) on average in humans.29 The TASER X26 ECD
puts out 19 pps (pulses per second). That means that the spacing between
pulses is 1/19th of a second or 52.6 ms. In other words, for the average individ27

ual, no vulnerable period escapes the TASER ECD pulsing – the TASER ECD
pulse hits every T-wave.
Urban Myth of Delayed VF
As discussed earlier, a death from electrically induced VF is instantaneous. The
induction takes a few seconds and collapse follows within another 5-15 seconds.
In the typical arrest-related death (with or without ECD usage) the collapse occurs minutes to hours after control is gained. This has forced some ECD critics to
speculate that there must be some mysterious mechanism for a delayed apperance of VF.
The sole “evidence” for this speculation is an anecdote of a Danish electrician
who had a supposed cardiac arrest during a soccer match.31 He blamed it on a
work related shock 12 hours previous. One would have to note that he had a financial incentive to blame his cardiac condition on a job injury rather than on his
recreation. Whatever happened he did not die.
Even with high current industrial or lightning electrical injuries delayed VF is not
seen.32
Safety Margin for a Single Pulse in the Vulnerable Period
The TASER M26 main phase delivered charge is about 85 µC (microcoulombs)
and the TASER X26 delivers about 100 µC. The critical parameter of electrical
stimulation by short duration pulses is the electrical charge.3 This has been more
recently confirmed for cardiac stimulation with short duration pulses, such as
those from the TASER ECDs.33

Green Model: 130:1 (X26) and 153:1 (M26) Safety Margins
Green investigated the VF induction threshold for canines stimulated along the
length of their body.34 He found that the lowest threshold occurred with a 5 ms
quarter sine wave and was 2 A. Integrating, we find a minimum required charge
of 6.5 mC (millicoulombs). On the basis of many studies, it is common practice to
use a normalization factor of 2 to 1 to go from canine results to human as humans are so much larger than the small dogs typically used in these laboratory
experiments.8 This suggests a human VF threshold of 13 mC. With the TASER
X26 charge of 100 µC we can calculate the safety margin as:
Safety margin

= 13 mC ÷ 100 µC
= 130:1

For the TASER M26 the safety margin would then be even higher at:
Safety margin

= 13 mC ÷ 85 µC
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= 153:1
Peleska Model: 100:1 (X26) and 118:1 (M26) Safety Margins
Peleska studied capacitor discharges into the cardiac T-wave and found a minimum required charge of 5 mC to induce VF.35 This suggests a human threshold
of 10 mC.
The safety margin is thus: 100:1 = 10 mC ÷ 100 µC for the TASER X26 and:
118:1 = 10 mC ÷ 85 µC for the TASER M26
International Safety Standards
The international electrical safety standard IEC-479-2 (IEC is the International
Electrotechnical Commission) refers to 100 µC as “disagreeable” and 10,000 µC
as “ventricular fibrillation likely.” 36 This second number is 100 times greater than
the TASER ECD charge.
Conclusion
Pulses from the TASER X26 or the M26 will not induce VF by affecting the heart
during the vulnerable period. The charges in the ECD pulses are too low by factors of at least 100:1. The “Lightning Lottery,” “Russian Roulette,” and “Tailspin”
theories are simply medically and scientifically impossible.
2.3. Multiple Pulses from the TASER ECD are Inadequate to Induce VF
Since a single pulse cannot induce VF, it is important to analyze the impact of the
stream of 19 pps (pulses per second). A charge of 100 µC delivered 19 times per
second yields 1.9 mC per second delivered, which is an average current of 1.9
mA for the TASER X26. The pulse rate for the TASER M26 varies from 15 to 25
pps depending on the battery charge. With the charge of 85 µC the average current varies from 1.3-2.1 mA. Since the typical current from the M26 is 1.3 mA the
calculations can be simplified by using a conservative 1.9 mA for both devices.
Counting both positive and negative phases of the M26 and X26 gives slightly
higher numbers of 3.6 mA and 2.1 mA respectively for the conservative TASER
International, Inc. official specifications of the “average rectified current.” The
lower numbers are the most appropriate metric for indicating the ability of the
pulses to affect the heart as the polarity changing phases merely offer cancellation effects. Even the higher numbers are less than the published VF thresholds.

Knickerbocker Model: 74:1 Safety Margin
Knickerbocker studied the VF threshold with 20 Hz AC (alternating current).37 He
found a threshold of 70 mA for canines down the length of their body and a 2second connection. This suggests a human threshold of 140 mA.
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This gives a safety margin of 74:1 = 140 mA ÷ 1.9 mA for the X26 and M26.
Beigelmeier Model: 74:1 Safety Margin
Beigelmeier’s model holds that long-term AC (5 seconds or more) requires 1/20th
of the current to fibrillate as does a single 20 ms (millisecond) pulse (which single
pulse would have to be into the T-wave).17 The single pulse VF threshold can be
predicted from the Jones and Geddes study which found a ratio of 52:1 for a 10
ms pulse (the widest pulse they investigated). This would give a single 10 ms
pulse a VF threshold of 1.4 A = 52 • 27 mA.
Dividing this by Beigelmeier’s ratio of 20 gives a predicted AC threshold of
70 mA. Doubling this for humans gives a human threshold of 140 mA and a
safety margin of:
74:1 for the TASER X26 and TASER M26
(which matches the results from the Knickerbocker model)
Dalziel Model: 84:1 Safety Margin
In the 1960s Dalziel performed a meta-analysis of VF thresholds for mammals.38
This is shown in Figure 8. This includes the animal fibrillation data from Ferris
dating back to the 1930s.39 Conservatively, Dalziel included swine which are very
easy to fibrillate due to subtle cardiac conduction system differences.40
The average current required to cause fibrillation is given by the formula:
I = 3.68 W + 28.5 mA
Where W is the body weight in kg. For lbs (pounds) the formula is:
I = 1.67 W + 28.5 mA
For a typical excited delirium arrest-related death of 200 lbs (91 kg)41 the average
current required to fibrillate would be:
I = 362 mA
which gives an average safety margin of 191:1. However, Dalziel recognized that
sensitivities to electrical currents vary and he thus performed a statistical analysis. He plotted the lower limit of sensitivity as the middle line in the figure. Note
that this middle line gives a fibrillating current of over 170 mA for a 200 lb resisting human subject. This gives:
Safety margin

= 170 mA ÷ 1.9 mA
= 89:1
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Figure 8. Fibrillating currents as a function of body weight. Note that the ~2 mA
ECD currents are barely off of the zero line.

Comparison to Transcutaneous Pacing
Transcutaneous pacing uses large (low resistance) patch electrodes on the chest
— in an optimized configuration — for emergency pacing.42 Typical pulse widths
are 20 ms and typical currents are 60 mA giving a total charge of 1.2 mC per
pulse which is 12 times the charge of the TASER ECDs.
Conclusion
The above analyses demonstrate that the outputs of the TASER X26 and M26
ECDs are not adequate to induce VF with the 2 scenarios known for cardiac risk.
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For the risk of delivering a pulse into the vulnerable period of the cardiac cycle
the charge required is about 100–130 times that which the TASER X26 delivers.
The TASER M26 safety margin was calculated at an even higher range of 118153:1.
Concerning the risk for the delivery of “continuous” current there is a safety margin of 74:1-89:1 for the TASER X26 and TASER M26.
These above analyses are based on currents applied down the trunk typically
from a leg to an arm. Currents passing from arm to arm have considerably higher
safety margins. With a barb tip close to touching the heart, the margins are lower
as will be discussed later. In drive-stun mode the safety margin is significantly
increased.
2.4 Computer Modeling Results
Extensive computer modeling has been performed to analyze the flow of the
ECD current in the human body by Dorin Panescu, a recognized authority in finite element analysis of biological current flow.43-45 The models calculated
strength-duration thresholds for heart cell excitation and VF induction. Finite element modeling is used to compute current density in the heart for worst-case
TASER electrode placement. The model predicts a maximum TASER current
density of 0.27 mA/cm2 in the heart. Numerically simulated TASER ECD current
density in the heart is about 1/2 the threshold for cardiac myocyte excitation and
more than 500 times lower than the threshold required for inducing VF. Thus
TASER devices do not generate currents in the heart that are high enough to excite myocytes or trigger VF. Other modeling studies have been published as
well.46,47
2.5 Animal Study Results
Sensitive Swine
Swine are more sensitive to electrical induction of arrhythmias than are other
mammals.39 In dogs and humans the Purkinje fibers (the “nerves” in the heart
that carry the initial excitation signal) are confined to a very thin endocardial
layer.48 In pigs the fibers cross the entire ventricular wall. 40 Thus activation in
swine proceeds from the epicardium to the endocardium while in dogs and human it proceeds in the reverse direction.49 Thus, swine are much more sensitive
to external electrical currents. Swine hearts are literally wired inside out compared to humans. For example, high frequency cardiac ablation is performed on
hundreds of human patients every day without the induction of VF. However, the
exact same procedure will typically lead to VF in a swine.50
Thus swine provide an extremely conservative test for cardiac safety of ECDs. If
an ECD fails to induce VF in a swine with conditions similar to law enforcement
or self-defense field usage, this implies a high degree of safety. If however, one
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is able to occasionally cause an arrhythmia in a swine (with barbs close to the
heart for example) it is incorrect to then leap to the conclusion that a human
would have the same risk of an arrhythmia.
Safety Margin for Frontal Hits
A study at the University of Missouri, Columbia, determined the cardiac VF safety
margin of the TASER X26 ECD. This study used a porcine model for the testing
as swine — pound for pound —are the easiest mammals to put into VF by electrical stimulation.39 Also, the anesthetic used, isoflurane, is known to increase the
risk of VF51 and thus this study was extremely conservative.
Even with the smallest pigs (27 kg) the electrical output of the TASERX26 had to
be increased by high factors (~35) to induce VF.

The “Negative” Swine Studies
In one Wisconsin study, a probe similar to a TASER probe was electrically connected directly to the heart through a conductive gel. Researchers surgically
opened the skin and moved the fat and muscle insulating the heart. Then they
poured a conductive gel (which conducted about 8 times better than the removed
fat and the muscle against its grain) into the surgically bored hole until it directly
contacted the heart to induce VF by inserting a modified probe into the conductive gel within 17 mm (0.6 inch) of the heart.52 This was necessary in order to get
VF from a TASER device in a porcine model.
When the study was repeated with intact pigs the mean probe-to-heart distance
to induce VF dropped dramatically to 5.8 mm. This close contact could not occur
in human males due to the thickness of the intercostal muscles. In human females it would simultaneously require a very low BMI (body mass index), minimal
breast tissue, absence of a shirt, absence of a supportive undergarment, and an
unusually angled shot. This corrected paper was under review at the time this
book went to press.53
This 5.8 mm spacing corresponds to a 4 mm tip-to-heart spacing required for induction of VF in humans due to their reduced sensitivity to high frequency current
as suggested by computer modeling by Dorin Panescu.
Using actual intact swine, Cleveland Clinic (OH) researchers inserted TASER
ECD barbs to their full depth over the cardiac apex. However, the Cleveland
Clinic never induced VF.54
The Wisconsin group compared the required tip-to-heart spacing to echocardiographic skin-to-heart spacing data and suggested that there was a very small but
non-zero risk of inducing VF with a perfect hit. Echocardiographic distance
measurements are suboptimal due to the requirement of pressure and errors
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from sound velocity in different tissues. The Cleveland Clinic measured the skinto-heart spacing in 45 patients.55 In the BMI (body-mass-index) range seen with
custodial deaths,41 the minimum spacing found was 22 mm. Even if an XP (Extended Penetration) 13 mm barb was used and a perfect orientation and penetration was established the tip-to-heart spacing would still be 9 mm which is twice
the required 4 mm spacing to induce VF in a human.
In 2006 Nanthakumar et al presented a study of TASER ECDs using 6 pigs averaging 50 kg (110 lb).56 In the worst-case barb position they achieved some
ventricular capture but induced no arrhythmias during 94 full strength applications. They then infused epinephrine and shortly later delivered 16 ECD applications — again in the worst-case position. They had 1 case of VF from these 16
applications. The authors concluded that these devices may have cardiac risks.
While perhaps counterintuitive, epinephrine reduces the VF threshold only for the
first few minutes.57 After that the VF threshold is increased significantly above
the baseline. This timing is helpful for the clinical scenario. Typically, an individual exhibits violent agitation with hyperactivity58 for several minutes and third parties call for help. The law enforcement officers and EMS (emergency medical
services) normally require 5-15 minutes to arrive before they can capture and
control the individual and apply any restraint device. At this point, the adrenergic
tone has been elevated for several minutes. An epinephrine infusion just minutes
before an ECD application would appear to give results opposite of those seen in
real life.
In February 2007, Dr. Nanthakumar published a clarification59 stating:
We did not state that [ECDs] cause ventricular fibrillation in humans, and
we agree that we cannot conclude from our study that [ECD] discharges
cause arrhythmias in typical use.

Other studies have found occasional inductions of VF in small swine with chest
applications.60,61 A meta-analysis of all published swine studies (which include a
large variation of weights) show that the risk of VF is confined to the lower
weights.62 See Figure 9.
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Figure 9. Meta-analysis of swine studies suggest that the risk of VF induction with a chest
ECD application is limited to human weights below 30 kg.

Is Ventricular Fibrillation Even an Issue?
The first concern (with studies of VF in swine) lies with the implicit assumption
that the rhythm with a law enforcement related “in-custody death” is VF. However, studies rarely find a single case in which the presenting rhythm was VF
when an ECD was used. (Those rare cases can be eliminated as caused by the
ECD due to timing and other factors.) A study of 162 consecutive in-custodydeaths found that while there was a significant association of impact weapons
and handcuffs with sudden death, the ECDs were never (0/50, p = .001) associated with a sudden collapse. This would seem to eliminate electrically induced
VF as the cause of death.
Field reports of custodial deaths consistently show that the presenting rhythms
are almost always PEA or asystole.28,63 When law enforcement officers immediately apply an AED, the AED typically reports “No Shock Advised” which shows
that VF is not found. No autopsy report has yet depicted a case in which a barb
was found close enough to the heart to have even theoretically caused VF.
The recent thoughts of Prof. Webster64 (the first person to suggest that a barb
close to the heart might induce VF) are helpful:
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John Webster, a professor of biomedical engineering at the University of
Wisconsin, takes a different position, dismissing as "not an issue" a connection between stun guns and ventricular fibrillation. Webster conducted
a study into how close to the heart a stun gun strike would have to be to
produce ventricular fibrillation - less than 17 millimetres. "It's a few-permillion kind of thing," Webster said in the National Review of Medicine of
the chances a stun gun probe could produce death. "You've got to have a
very thin person with a dart between his ribs right over his heart."

2.6. Human Studies Show that the TASER ECDs Do Not Affect the Heart
The first published human ECD study was performed under the auspices of the
Hennepin County (MN) Medical Center.65 Adult volunteers (n=66, age 40.3 ± 6.8
years, 65 male, 1 female) had these cardiovascular histories: 6 hypertension, 6
hypercholesterolemia, 1 each of myocardial infarction and bypass grafting, heart
failure, coronary disease, transient ischemic attack, and diabetes with 51 reporting no significant history. Each was shot in the back with standard TASER device
barbs and received the full 5-second application from the law enforcement model
TASER X26. Each had blood drawn before, immediately after, and at 16 and 24
hours post-exposure. Troponin I, potassium, creatine kinase, lactate, and myoglobin were tested. A 12-lead EKG (electrocardiogram) was recorded in 32 randomly chosen subjects at each venipuncture. A blinded cardiologist read all 128
EKGs in random order.66
There were no significant changes in any of the serum markers. Thirty of the 32
EKG subgroup had normal EKGs for all 4 recordings. One subject had all 4 recordings interpreted as left ventricular hypertrophy and another had occasional
sinus pauses in all 4 recordings. The TASER ECD did not affect cardiac or skeletal serum markers or cause serial EKG changes. In other words, no sign of any
of the effects on the heart tested for was found in any of the volunteers with significant medical conditions.
Other human studies, through the University of California at San Diego, found no
negative effects on the heart in the volunteers exposed to the TASER devices.6769
Raymond Ideker, a recognized authority on VF, analyzed the TASER X26 output and calculated that it should have a 28:1 safety margin for the typical adult
human.70
Continuous echocardiographic monitoring of the human heart during ECD applications show no cardiac capture — even in exercised subjects.71

There Are No Negative Human or Dog Studies
Every study done with humans or dogs with TASER ECD discharges has found
no clinically significant deleterious effects directly caused by the ECD. There
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have been 2 anecdotes suggesting possible problems and those will be discussed here.
The case described in the infamous New England Journal of Medicine letter was
misreported — in a non peer-reviewed letter — with material omissions.72 A 90
kg (200 lb) violent 14 year-old subject exhibiting all of the signs of excited delirium was briefly subdued with a short ECD discharge. Paramedics were present
and found a normal pulse and respiration. After a delay of 14 minutes the subject
collapsed and probably had an ideoventricular rhythm. After an aggressive therapy of 3 defibrillation shocks along with atropine and epinephrine the subject finally had the VF strip shown in the published anecdote. A total of 23 minutes
elapsed between the ECD application and the published VF strip.73
A prisoner with a pacemaker received an ECD application during violent behavior. There was no harm to the pacemaker or to the prisoner.74 The pacemaker
appeared to have detected some unusual heartbeats but these were most likely
mediated by the pacemaker and its leads.75
In summary, the weight of the argument of ECD danger is 3 small pigs. The
weight of the argument for safety is dozens of quality human studies and 1.4 million human applications without cardiac effects.

2.7. Summary of Cardiac Safety Factors
ECD electrical pulses stimulate the A-α motor nerurons which in turn cause the
skeletal muscle to contract.7 The time constant for stimulation of motor neurons
from electrodes on the chest of dogs is approximately 0.24 ms, much shorter
than the 3.6 ms for cardiac muscle.5 Other studies give time constants and
chronaxies even shorter and nearer to 100 µs.76
The second reason why the motor neurons are excited by the TASER pulse —
while the heart muscle is not — is that the motor neurons are much closer to the
electrodes than is the heart. (see Figure 10) This also explains why the muscles
most affected are those nearest to the electrodes of the TASER device. The different electrical resistivities of the various body tissues, and the relative insulating
effect of the air-filled lungs, also cause the electric field to be many times smaller
in the heart than in the surface tissues near the electrodes. In fact, the amount of
current that passes through the heart from electrical pulses delivered to the chest
wall is only about 4–10% of the total current delivered through chest electrodes.77,78
Most of the current flows around the chest between the 2 electrodes in the intercostal muscles. Electrical current prefers to flow with the grain of a muscle versus
flowing against the grain by a factor of 10:1.79 Also, the 4–10% value occurs
when electrodes are optimally placed to attempt to affect the heart. When the
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electrodes are elsewhere on the body, as they are in the large majority of cases
when the TASER device is used, the percentage of applied current that traverses
the heart is even less. Also, drive-stun applications delivers even less current below the surface of the body.

Figure 10. ECD current tends to follow the grain of the skeletal muscles. Very little penetrates the body below the muscles. (Note: this illustration is not to scale, nor does it illustrate the optimal electrical impulse vulnerable probe positions). Used with permission of
IEEE Spectrum.

MRI (Magnetic Resonance Imaging) studies show that electrical current has an
additional impediment passing between the intercostal (between the ribs) muscles and the cardiac muscles, as their fibers are perpendicular to one another.79
Careful computer modeling studies show that very little current goes more than
1 cm below the skin.43,80,81 The safety factors are summarized in Table 3.

2.8 Longer TASER ECD Applications Do Not Cause Arrhythmias
VF can be induced by sufficiently strong electrical current flowing through the
body. The current that is required to cause VF is dependent on the length of time
for which the current is applied, but it is well established that the induction
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threshold decreases for the first few seconds and does not decrease further. 14,1619,39
In other words, if a person is not put into VF by a certain level of electrical
current after 5 seconds, the person will not be electrocuted by a 60 second exposure either.

Table 3. Factors promoting cardiac safety in spite of skeletal muscle control.
1. The anatomic location of the heart is farther from the barbs than the skeletal muscles
2. Short durations of the electrical pulse which stimulate skeletal muscles better that cardiac
tissue
3. Anisotropy (tendency of current to follow muscle grain) of skeletal muscle tending to conduct current around the thorax instead of into the thoracic cavity
4. Electrical shielding effect of the perpendicular muscle grain between the pectoralis major
and minor, between pectoralis minor and intercostals, and between the intercostals and
the epicardium
5. The electrical shielding effects of the lungs around large portions of the heart

Standards for Long Duration Shocks
Both the IEC and UL (Underwriters Laboratories) regulations recognize that electrocution either happens in the first few seconds or does not happen.82 Currents
that will not induce VF in 5 seconds will not induce VF in 1 minute as shown in
Figure 11 taken from Chilbert p 496.82

Figure 11. Shorter applications (less than 1 second) require higher current levels to induce
VF.
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Figure 11 shows that the TASER ECDs are literally off the charts as their currents are too low to fall on the graph. The lines on this graph represent worst
case scenarios with extremely low probabilities of VF and are less than 1/10th
the current typically required to electrocute an adult human being.
Experimental Results on Long Duration Shocks
Animal studies going back to the 1930s show that the risk of inducing VF does
not build up (increase) after the first few seconds. See Table 4.
Table 4. Studies Show Cardiac Effects from Electrical Current Appear in a Few Seconds.
Author
14
Antoni
16
Biegelmeier
17
Biegelmeier
18
Jacobsen
19
Roy
39
Ferris
56
Nanthakumar
22
Weismuller
20
Sharma

Year
1985
1987
1980
1975
1977
1936
2006
1992
2004

Subjects
Guinea pigs
Human
Human
Pig
Dog
Various
Pig
Human
Human

Figure 12. Summary of animal studies show that at a certain time (t2 which
is 0.8-5 s) the risk of electrocution does not increase with longer durations.
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Figure 12 (taken from Antoni p 216)15 summarizes these studies. The time “t2” is
the time at which further applications of current do not increase the risk of inducing VF. These studies have found time t2 to range from 0.8 - 5 seconds.14,16-19,39
Based on the animal results above, Beigelmeier and Lee calculated that t2
ranged from 2-5 seconds for humans due to the lower heartrate.16,17
One study in smaller pigs (110 lbs) looked at an extreme scenario by burying the
TASER probes under the skin and placing barbs across the heart. They found no
difference between a 5 s and a 15 s application in causing ventricular capture
(24/25 vs. 28/28, p = NS by Yates-corrected χ2).56 (Due to the differences in thoracic geometry this bilateral passage of current through the heart would be impossible in humans with lungs inflated.)
One human study found that connecting a 9-volt cell directly to the inside of the
heart could induce VF within 3 seconds in the majority of patients.22 Another human study found that the internal cardiac current duration required to fibrillate
(96% success rate) with a small steady DC (direct current) was 3.8 ± 1.4 seconds.20
The fact that electrocution takes only fractions of a second to a few seconds is
also well recognized in pathology.
2.9. Common Illegal Drugs Do Not Make the ECD More Dangerous
Since common illegal drugs are dangerous in so many ways, some are tempted
to inappropriately assume that the drugs must also be synergistically dangerous
for electrocution. In fact, the opposite is true. For example cocaine intoxication
actually makes a person more difficult to electrocute.

Cocaine
It is well documented that cocaine has strong effects on the heart such as dramatically raising the heart rate and blood pressure.83 Chronic cocaine usage also
significantly increases the risk of a heart attack 84 and cardiac arrest.85 Thus, the
natural, although incorrect, “medically intuitive” assumption is that the presence
of cocaine also makes it easier to electrocute someone (i.e., electrically induce
VF). What is surprising — even to some cardiologists — is that this natural assumption is wrong. Most scientific studies have shown that cocaine makes electrocution more difficult — not easier.86-88 This is due to the sodium channel blocking effects of cocaine which makes it much harder to stimulate a heart cell.
America’s most famous heart hospital, the Cleveland Clinic, has soundly confirmed these findings using actual TASER X26 waveforms.89 They found that the
safety margin went up significantly with the presence of cocaine and almost doubled for barbs near the heart.
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Other Stimulants
With the methamphetamine epidemic there is concern that drug abusers using
this and other illegal stimulants could be at increased risk for electrocution from
the TASER devices. However, a small animal study found no TASER device induced VF even in the presence of various similar stimulating agents.90 Also, the
large study from the UK (United Kingdom) Home Office found no increase in risk
with common drugs.91
Cardiac electrophysiologists routinely use intravenous stimulants (such as isoproterenol) to help induce ventricular tachycardias in their electrophysiology labs.
Hence, a typical first blush reaction is to assume that stimulants increase the risk
from a TASER ECD or external electrical shock in general. However, stimulants
— including isoproterenol — tend to actually increase the amount of electrical
current required to induce arrhythmias.92 The same is true with other stimulants
such as phenylephrine.93
This apparent contradiction stems from the fact that EPs (electrophysiologists)
use strong enough pacing pulses (in the electrophysiology lab) directly delivered
to a tiny spot on the inside of the heart. So, the decreased sensitivity to electrical
stimulation from an adrenergic stimulant is irrelevant in the EP lab — it is
trumped by the highly focused and concentrated internal current delivery. However, this same decreased sensitivity (from adrenergic stimulants) makes externally applied currents much safer. In general, stimulants actually increase the
safety margin for externally applied electrical currents, such as by ECDs.
And, it has long been known that a direct catecholamine (internal stimulants)
challenge of epinephrine and norepinephrine appears to only lower the VF
threshold for the first 3 to 7 minutes (which in a custodial related death is usually
before the arrival of law enforcement and EMS to a call for strange or bizarre behavior), after which time the VF threshold actually goes up.57 Thus, the person,
ironically, is probably safer from electrocution than the responding law enforcement officers and EMS personnel once they arrive on the scene.
Note that this field ECD application situation is far different from someone quickly
ingesting a large drug dosage in front of law enforcement officers and then struggling against the officers’ attempts at capture, control, and restraint. That could
be dangerous with some stimulants for the first few minutes as was shown in an
absolute worst case situation of low body weight, barb inserted under the skin,
barb placed over the heart, and a strong pure stimulant (epinephrine — with no
protective effects such as those of cocaine) given intravenously.56

Alcohol
A study of intoxicated adults showed that there were no cardiac effects and no
damage from a prolonged (15 second) TASER ECD application.94
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2.10. Acidosis and VF
In a custody-related death where there may have been a physical struggle before
the usage of an electrical weapon, the influence of respiratory acidosis is an important question. One concern heard regularly is that the presence of respiratory
acidosis increases the susceptibility to VF. This issue was carefully studied in
dogs by Gerst, et al.95 They induced respiratory acidosis by reducing the rate of
the ventilator and brought the pH down to as low as 7.00. The VFT (ventricular
fibrillation threshold) was constant to within the resolution of their current generator (± 1 mA). There was no change in the average VFT. They also induced metabolic acidosis by injecting lactic or hydrochloric acid. This did reduce the VFT.
So, metabolic acidosis can cut the VFT by 20-40% but respiratory acidosis does
not affect it.
An Air Force porcine study lowered the pH from 7.4 to 7.0 after 18 applications
of 5-seconds each over 3 minutes by respiratory acidosis with the ventilator
turned off. Based on the Gerst results one would not expect any decrease in the
VFT. In fact, there were no inductions of VF in that trial. And, none of the animals
died from the affects of the ECDs. And, for most of the animals a second 3 minute cycle was repeated, with similar results, and no deaths.
In conclusion, the published literature on the effects of respiratory acidosis on the
susceptibility of VF to electrical stimulation does not suggest that TASER electrical weapons would be more dangerous in subjects with respiratory acidosis.
Additionally, recent studies have found that TASER ECD exposures result in far
less metabolic acidosis than short duration exercise (seconds to a few minutes).
This leads to the conclusion that a physiologically compromised person needs to
be expeditiously captured, controlled, and restrained to limit exertion – likely the
primary cause of metabolic acidosis.96

2.11 The TASER ECD Cannot Cause Cardiac Electroporation
Extremely large electrical fields can cause heart cell death by electroporation.97
During electroporation, the shock electric field creates such a large change in the
cell wall voltage that the cell wall breaks down and pores form in it that allow the
free flow of ions.98 If the electroporation is severe, the cell dies. Almost always,
the cell’s self-repair mechanisms can close the pores before the cell dies. During
this time of self repair, which can last for several minutes, the electrical activity of
the cell is abnormal and arrhythmias can occur. However, the stimulus strength
needed to cause even temporary electroporation is approximately 50 times that
needed to pace the heart.99,100 The X26 delivers about ¼ the charge required for
pacing and the TASER M26 even less so the TASER devices should have safety
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margins of about 200:1 or more for permanent electroporation of the heart. FEM
(finite element models) show that the safety margins protecting the heart from
electroporation are enormous.81,101
The simplest argument against electroporation is to notice that strong (Level 4)
static shocks can have a peak current of 30 A according to international specification.102 This is twice the peak current of the M26 and nearly 10 times the peak
current of the X26. There is no case in recorded history of someone suffering
electroporation damage from a static shock.

2.12 The TASER ECD Cannot Cause Cardiac or Remote Burns
Another way in which an electric stimulus could cause heart cell death is by generating enough heat to “cook” some heart tissue. (Depending on the temperature,
this may be referred to as cauterization or ablation). The effect of high voltage
and high currents on the heart has been well studied. Exposure to high voltage
and high current from lightning strikes or power line electrocution has been
shown to cause contraction band necrosis involving the atrial and ventricular
myocardium, tunica media of the medium and large coronary arteries, and the
sinus and AV nodes.103-106 These focal changes affecting the myocardium were
extensive throughout the ventricles and atria. The vascular injury due to endothelial damage, smooth muscle contraction band necrosis, disseminated intravascular coagulation, and hypertensive chemoreflex contributed to the acute and late
thrombosis and vessel rupture, manifesting in myocardial infarction and intramural hemorrhages.107 Hearts were described to be normal in outside appearance,
except for a few petechiae.
Ablation requires the tissue to be raised to about 55° C. The TASER X26 pulse
has 70 mJ (millijoules) of energy and delivers 19 pps for 5 seconds. There are 95
pulses, which thus together deliver 6.65 J of energy. One joule of energy is
0.2388 calories of heat. Therefore, 1.59 calories are delivered which will raise the
temperature of 1 cc of water by 1° C. Thus, the speculation of the TASER device
causing any ablation beyond a few mm from the tiny barb is fanciful.
The TASER X26 heating would warm 1 cc of water if there was no loss of heat to
other tissues during the 5-second application. However, due to heat loss, the actual temperature increase would be far less. The body generates about 100 W at
rest. Thus over a 5-second application the X26 is directly adding 5/500 or 1% to
the body’s intrinsic heating. With an exercising, resisting, or struggling individual
the percentage increase is far less.
Assuming no cooling at all, a 5-second X26 application injects 1.59 calories of
heat into the body. With a 180 pound subject, the average temperature increase
would be:
0.000019° C = 1.59 cal ÷ 180 lbs ÷ 454 g per lb
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Therefore the average body temperature increase from a 5-second TASER X26
application would be 19 millionths of a degree Celsius.
It must be noted that pediatric defibrillation delivers far higher energy shocks to
“restart” the heart. A common dosage recommendation is 2-9 J/kg of body
weight.108
2.13 Lethal Fainting or Vaso-Vagal Reaction
This theory speculates that the ECD pain can cause a “vasovagal” reaction leading to asystole. In lay terms, the ECD hurt and this made the person “faint to
death.”109 First, some definitions:
Sympathetic tone: “fight or flight” signal to increase the heart rate and constrict
the arteries.
Vagal tone: “feed or sleep” signal which slows the heart rate etc.
Vasovagal syncope. “Fainting” or “Black-out.” The brain increases vagal tone
which slows the heart rate while decreasing the sympathetic tone in order to relax the arteries. This causes a sudden drop in blood pressure which leads to
fainting. This is a benign condition with no increased associated primary mortality.110 It appears to be designed into our bodies to allow for a “withdrawal” from
unpleasant experiences and is thus common at the sight of blood or needles.111
This vasovagal (fainting to death) mechanism theory has several fundamental
scientific problems:
Vasovagal syncope is not possible with extreme agitation because vagal tone is
so low and sympathetic tone so high with agitation.
Most illegal drugs are good pain killers (analgesics) or pain blockers (anesthetics). For example, methamphetamine kills pain equally as well as morphine and
thus its abusers are feeling essentially no pain.112 Angel dust (phencyclidine or
PCP) is also a powerful anesthetic and analgesic.113-116
Vasovagal fatalities are rare. Outside of a head injury after falling117 only 1 possible fatality could be found in recorded medical literature from a vasovagal response.118 There is also a case of intentionally caused vasovagal syncope leading to asystole when a heart patient was deliberately turned up rapidly but this
was not fatal.119 There was another case of a patient with a fainting history and
then having asystole after fainting while being told he had colon cancer which response was again not fatal.120
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Asystole is, however, highly associated with excited delirium acidosis deaths.41
2.14 Emotional Stress as an Indirect Cause of Cardiac Arrest
It is sometimes suggested that the emotional stress of a TASER ECD application
could indirectly induce a cardiac arrest. This is based on the lay-person perception that emotional stress could cause a cardiac arrest. Like most lay misperceptions, there is some truth to this. People under significant stress do have an increased incidence of VF. However, the effects are far more delayed than generally appreciated. Most of the increased risk is seen after 6 months of stress and it
has minimal impact within a day of the stress.121 See also the “Last Straw” section later in this chapter.
The stress theory is often stated as “a catecholamine increase pushed the person over the edge.” I.e., the person was so close to death that any extra stimulation could have killed. If this speculation were true, then law enforcement officer
or EMS personnel would be discourage from adding any stress — at all — to a
violent struggling or resisting subject or the person would die from the care-givers
actions. This leaves absolutely no options to the law enforcement officers and
EMS personnel except to walk away and increase risks to innocent bystanders
and the violent person himself.
There are also several scientific issues with the catecholamine causation theory.
Fighting subjects have such elevated levels of catecholamines that a further increase is much harder to obtain. There is only so much epinephrine that the body
can manufacture.122
Researchers exposed 10 subjects to a few second spray of OC (oleoresin capsicum or “pepper spray) to the eyes (the usual target) and 5 subjects to a standard 5-second TASER X26 exposure with the probes shot into the back.123 They
measured alpha-salivary amylase and cortisol at baseline, 10 minutes, 20 minutes, and 1 hour. The results showed that salivary alpha-amylase increased
173% at 10 minutes with the oleoresin capsicum compared to no change (-0.8%)
for the TASER ECD. Salivary cortisol increased 87% with the oleoresin capsicum
versus 91% with the TASER ECD at 20 minutes. As a comparison, in a study in
which a subject was asked to retain his firearm from an attacker, resulting in a 1minute physical struggle, the amylase increased 27% at 10 minutes, and cortisol
increased 259% at 20 minutes. It is important to note that in this study, the subjects were law enforcement officers who had previously participated in such drills
(in fact, a few were instructors), so these results would be expected to be low as
compared to real-world situations.
A study was done by Halter, et al. of symptom-limited handgrip versus cold pressor tank versus symptom-limited supine bicycle exercise. Plasma norepinephrine
and epinephrine concentrations increased 3-6 times more than during either the
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symptom-limited handgrip or cold pressor testing.124 Additionally, increases in
heart rate, systolic blood pressure, rate pressure product, stroke volume, ejection
fraction and cardiac output were significantly greater during bicycle exercise than
during the other 2 tests. The authors concluded that the bicycle exercise testing
induced a much greater sympathetic response than either of the 2 tests. In another unpublished study comparing the TASER X26 to the cold pressor tank, cortisol increased 40% at 15 minutes with the cold pressor tank versus 77% with the
TASER X26 exposure. This was not a statistically significant difference.
Mental stress can lead to some subtle changes in the stability of the cardiac Twave125 and in the spectral characteristics of the heart rate126 — at least in patients already with ischemic heart disease. However, contrary to common belief,
mental stress does not decrease the threshold for electrical induction of VF.127
Psychological stress can contribute to VF and can increase the risk of VF within
30 minutes of the stress. However, 100% of such cases studied had coronary
artery disease and 98/100 had severe coronary artery disease.128 Such levels of
disease are rarely found in arrest-related deaths.
Could psychological stress cause VF in someone without significant heart disease? In other words, could someone get so upset that they suffered a cardiac
arrest? This is one of the rarest occurrences in medicine and is so rare that a
special registry has been setup to record these occurances.121 To be specific,
idiopathic VF induced by psychological stress is so rare that there have been
only 20 recorded cases in the USA and 5 in the UK.
In conclusion, the idea of someone (without severe existing heart disease) dying
from a catecholamine surge, or extreme anger, etc is not scientifically supportable.
2.15 No Increased Risk From Multiple Devices
There is essentially no increased risk from simultaneous ECD discharges. There
are 2 reasons for this.
1. For the pulses to have an additive effect on the heart they would have to occur
within 3 ms of each other. This is like lining up one comb against another. Since
there is a pulse every 54 ms there is a 6% chance of this happening. Even if the
pulses were to overlap, there is a 50% probability of them having the opposite
polarity so they would actually largely cancel each other’s current flow. Thus the
probability of an overlap is about 3%.
Pulses from 50 ECDs fired simultaneously would have to have their pulses
aligned within 3 ms in order to have an additive effect on the heart. The odds
against this are astronomical.
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2. Finally, with the combs perfectly aligned, so that the currents actually summed,
AND both ECDs had BOTH of their barbs land ACROSS the heart, the human
safety margin of about 50:1 would only be reduced to 25:1.
2.16 Pacemakers and Implantable Defibrillators.
There has been concern about an ECD being used on a patient with a pacemaker or ICD (implantable defibrillator).
Fortunately, pacemakers and ICDs are required by international standard to
withstand the 360 joule shock of an external defibrillator.129 This has over 5000
times the energy of an X26 pulse.
Lakkireddy et al implanted 7 different ICDs and 9 different pacemaker models in
a small (28 kg) swine.130 They then applied TASER X26 currents through the
worst case pathway with one barb at the sternal notch and the other at the point
of maximum cardiac impulse. While they noted occasional capture (extra heartbeat), there were no inductions of any sustained arrhythmias. These results suggest that ECDs are safe despite a rare encounter with a pacemaker patient. It is
possible that an ICD could be confused by the ECD pulses into thinking there
was VF present. In that case it would deliver an unnecessary shock. This has not
yet been reported nor would it harm the patient or the ICD.
There have been 2 published case studies of such rare encounters and neither
subject had serious harm.131,132 The first was with an ICD implanted into a 51
year old female patient. Probes struck the woman in the sternum and the pulses
were mistaken by the ICD as VF. The device began charging its capacitors to deliver a shock. By the time the capacitors were charged, the ECD application was
over and the ICD then went back to normal monitoring operation without delivering a shock.
In the second case a male prisoner had a pacemaker which possibly conducted
some current from a chest ECD application from the pacemaker housing through
protection circuitry and down the pacing lead into the right ventricle. This may
have caused some temporary cardiac capture but had no lasting effects.
It is interesting to compare the level of testing for the FDA approaval of a new
type of pacemaker to that of the X26. A new pacemaker will typically be tested on
30-60 patients. The X26 was tested on 300 human beings before the first one
was sold.
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3. THE TASER ECD DOES NOT HARM OTHER ORGANS
3.1 Breathing
It has been known for decades, that due to the routing of the phrenic nerves it is
extremely difficult to electrically induce respiratory paralysis in the human.133 The
phrenic nerve derives from the C3-C5 cervical plexus and the closest passage of
phrenic nerves to the skin is just above the clavicle near the sternocleidomastoid
muscle. The left and right phrenic nerves travel through the center of the thorax
passing just on the margins of the heart on the way to enervate the left and right
hemidiaphragm muscles. They are surrounded by the highly insulative lungs
throughout this passage, thus making them very insensitive to external electrical
currents.
This has proved frustrating to researchers seeking to make a respiratory pacemaker following the success of external cardiac pacemakers in the 1950’s. In the
1980’s, researchers at Purdue University had some success in achieving electrical ventilation in dogs.133 Probably due to the significantly different canine thoracic geometry, these results did not carry over to human experiments and the
human research attempts have apparently been abandoned.
Even with electrical current forced longitudinally through the whole thorax, the
amount of current required to cause temporary respiratory arrest is on the order
of the lethal level capable of inducing VF. A classic study found that it could require up to 20-50 mA to cause temporary respiratory arrest in dogs that are much
smaller than humans.134 This level of current is at least a decade removed from
the 1.9 mA delivered by the TASER X26.
Impressively, hundreds of videotapes of humans receiving TASER ECD applications demonstrate that respiration is maintained during TASER ECD applications.
Subjects are able to talk although the conversations were more filled with epithets than philosophy.
The United States Air force has published a study, using a porcine model, concerned with issues of cardiac safety and rhabdomyolysis.13,135 Despite prolonged
ECD exposures (up to 180 seconds total each) the study found no such cardiac
or rhabdomyolysis concerns or problems. And, even after such extreme exposures all of the pigs survived.
In addition, the supine position (on the back) is nonphysiological for swine and
the anesthetic used TZ (tiletamine-zolazepam) and propofol are known for compromising respiration.136 However, the researchers intentionally included TZ as it
had minimal effects on creatine phosphokinase which is a marker for muscles
damage – to look for rhabdomyolysis. Thus, they intentionally were exaggerating
breathing effects in order to focus on potential muscle damage – which was not
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found. Additionally, the anesthetized animals were not ventilated and there were
no control animals used in the study that did not receive an ECD exposure. Thus
it was not possible to separate the effects of the anesthetic, lack of ventilation,
and the posture from the ECD exposure.
Since 2005, human studies have been performed by staff from several Emergency Departments. ECD exposure volunteers were instrumented with a breathing monitoring device which showed that the TASER X26 did not interfere with
breathing.137
The first such study assessed the breathing capability of human subjects during
extended exposures to a TASER ECD. It comprised 52 resting human subjects
who underwent breath-by-breath gas exchange monitoring during a 15-second
discharge from a TASER X26. The subjects were randomized and placed on a
pulmonary function measurement device and received either 3 discharges of 5seconds each with a 1-second break between cycles or had a continuous discharge of 15 seconds applied. Common respiratory parameters were collected
before, during and after the exposure. Health histories and demographic information were also collected on the volunteers.
The researchers were unable to detect any respiratory impairment during either
prolonged continuous or prolonged intermittent ECD exposure in this study population. It does not appear that prolonged ECD exposure causes a decreased tidal
volume, hypercapnia, hypoxia, or apnea.
The same group of researchers has also studied volunteers with continuous ECD
exposures up to 45-seconds and also found no breathing compromise.
The University of California at San Diego has also performed breathing studies
using the X26 ECD.68 They found no impairment of breathing in any of the volunteers.
3.2. Acidosis
Two published studies by Ho, et al. have examined blood markers of acidosis. In
one study subjects were exposed to 5-second discharges of the TASER X26.65
Serum bicarbonate was followed serially. In a “pure” uncompensated respiratory
acidosis, the serum bicarbonate should increase. The mean baseline bicarbonate
was 22.6 mmol/l. Immediately after the exposure, the mean bicarbonate was
22.0 mmol/l. This does not suggest an uncompensated respiratory acidosis.
In the related second published Ho, et al human study, subjects were asked to
exercise to physical exhaustion, and were then immediately exposed to a 15second discharge of the TASER X26.138 Venous pH was drawn prior to exertion,
immediately after exertion, and immediately after the TASER ECD exposure. In
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this study, the mean venous pH at baseline was 7.37. After exercise to physical
exhaustion, the mean pH dropped to 7.258. After the 15-second continuous
TASER X26 discharge, the mean pH remained flat (7.225, not a statistically significant change). The recovery pH returned to baseline (mean pH 7.358). A small
control group with the same exertion regimen and a repeat exertion regimen of
15-seconds had similar pH changes. This would tend to imply that the 15-second
TASER X26 discharge did not exacerbate the acidosis caused by the physical
exertion. The control group had similar pH levels after their repeat brief exertion
which suggests that the discharge did not delay recovery any more than would a
15-second manual restraint.
These 2 studies suggest that the exposure to ECDs does not affect the compensatory mechanisms of the respiratory system.
Another published study found no clinically significant changes in pH in 32 police
officers after an ECD discharge.139
3.3. Rhabdomyolysis
Rhabdomyolysis is the breakdown of muscle fibers resulting in the release of
muscle fiber contents into the circulation. Some of these are toxic to the kidney
and frequently result in kidney damage. This is detected acutely by myoglobin
and creatine kinase levels in the blood. Only creatine kinase is useful for chronic
diagnosis.
Myoglobin is an oxygen-binding protein pigment found in the skeletal muscle.
When the skeletal muscle is damaged, the myoglobin is released into the bloodstream. It is filtered out of the bloodstream by the kidneys. Myoglobin may block
the structures of the kidney, causing damage such as acute tubular necrosis or
kidney failure.
Necrotic (dead tissue) from skeletal muscle breakdown may cause massive fluid
shifts from the bloodstream into the muscle, reducing the relative fluid volume of
the body and leading to shock and reduced blood flow to the kidneys. Rhabdomyolysis may be caused by any condition that results in sufficiently severe damage to skeletal muscle, especially trauma.
Rhabdomyolysis is very common with excited delirium deaths.140-142 Thus it may
be tempting to speculatively attempt to link the rhabdomyolysis to the ECD usage.143 After all, the ECD indirectly causes skeletal muscle contractions so
maybe it damages the muscles. However, carefully done animal and human
studies find no evidence of rhabdomyolysis (myoglobin or creatinine kinase) even
with repeated applications.13,65,135
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This is probably because the ECD induced moderate muscle contractions are
simply not sufficiently severe to cause the degree of muscle damage that results
in rhabdomyolysis.
3.4. Nerves
Major organ nerve damage can be caused by 3 possible mechanisms: laceration,
cauterization, and electroporation. For the reasons mentioned below, these effects are not likely to occur.

Laceration Nerve Damage
Even if the TASER probe’s barbs can penetrate the skin, they go only a maximum of 13 mm deep and are thus not near the important nerves controlling the
organs.

Electroporation Nerve Damage
The TASER M26 phases are too short for efficient electroporation. The TASER
X26 has too low of a peak current for electroporation. (See related discussion in
the cardiac section 2.12)
Electroporation is the injury to the cell wall due to a very high electrical field.144
The “field” is the change in voltage per cm (centimeter) of distance. If a person
grabs the electrodes on a 12 V car battery (one in each hand) the person will
feel nothing. However, if the person puts a 9 V cell against their tongue they will
feel an electrical stimulation. Why does a lower voltage stimulate when the higher
one does not? The difference is in the electrical field. The distance between a
person’s hands is about 200 cm so the field is only 12 V/200 cm = 0.06 V/cm.
However the 9 V battery terminals are only 1 cm apart so the average field was 9
V/cm. So the little cell gave 150 times the electrical field. (Another issue is the
salty saliva in the mouth which is a good electrical conductor. But even if one
grabbed the car battery with hands wringing wet with saltwater there would still
be no sensation.)
The electrical field required for temporary electroporation is about 35–50 V/cm.
However, almost all electroporation is temporary as cells have amazing abilities
for self healing after electric shock. For permanent electroporation injury, the
fields must be much stronger by a factor of at least 10:1. The field required for
permanent electroporation injury appear to be about 700 V/cm145 to 800 V/cm.146
The time constant for electroporation membrane charging is typically about
60 µs.147 Thus, the short 10 µs main phases of the M26 are unlikely to accomplish much electroporation. In fact, the effect of this 60 µs time constant is to reduce the 5,000 V peaks to effectively 500 V. (This is essentially low-pass filter52

ing.) The 60 µs time constant tends to smooth out the TASER M26 phases. This
is why medical research electroporation is typically done with 100 µs long pulses.
Using the peak effective electroporation voltage of 500 V delivered from a
TASER M26 into a subject, the resulting electrical fields were modeled. A 10-mm
barb was modeled as 10 superimposed 1-mm spheres. The abdominal barb was
assumed to be in the fat, which is worse case, and has a 2000 Ω cm conductivity.
The leg barb was assumed to be half in fat and the deepest half to be in muscle.
Regions of possible temporary electroporation were limited to about 1 mm from
the barbs. Any regions of permanent electroporation were so small (a few layers
of cells) that they would have been, at most, a thin coating on the barbs. With the
lower peak currents, the X26 ECD is also unable to cause any electroporation.

Heat or Cauterization Nerve Damage
Even if the barbs do penetrate the skin cauterization is impossible as the TASER
M26 device only delivers 37 J (joules) of energy over the full 5 second application. (This is given by 7.39 watts • 5 seconds) That is not enough to even raise
the temperature of a teaspoon of water by more than a few degrees—much less
burn tissue.
There is a very thin therapeutic cauterization that occurs within a very thin layer
of cells around the barb. This is possibly one reason why there has never been a
documented infection caused by a barb insertion.

3.5. Effects on the Brain
Electrical injury from TASER ECD applications to the head are not to be expected. Any alleged claims of brain damage are unscientific. It is helpful to compare the TASER device output to the output of an ECT (electroconvulsive therapy) device. An ECT device is used to deliver an electrical shock to the brain to
reset it as a therapy for severe refractory depression.148 The popular Somatics®
ME 2316 delivers 20.3 watts with 1 ms pulses for a 30–60 second application.
149,150
This gives a total of up to 1218 J (joules) of energy—directly to the head!
This is 183 times more energy than delivered by the TASER X26 over a full 5
second application. A number of studies have found no brain damage following
ECT. In fact, therapeutic benefit is found even for epilepsy.151 A typical ECT unit
delivers between 500 and 900 mA of current to the head.150 This is 100s of times
the current from a TASER M26 or X26.
There has been a deployment in which an ECD barb apparently penetrated the
brain.152 A 16-year-old male was struck on the right forehead by a TASER CEW
probe while he was resisting arrest. He was reported to be unconscious for almost 5 minutes after the firing of the weapon. Upon presentation to the emer53

gency department, he was found to have the probe penetrating his forehead on
the right side. He complained of a mild headache and being shaken but on examination, he was neurologically intact. Because the dart was immobile and
denting the skin of the forehead, the patient underwent a computed tomographic
scan of the head, which revealed intracranial penetration of the dart and possible
dural perforation. The patient was taken to the operating room. The tip of the
probe penetrated the dura and into the brain. There was no active hemorrhage
seen at that time. Discoloration of the dura was noticed, possibly due to burning
from the electric current. The patient had an uneventful postoperative course and
was discharged with no focal neurologic deficit.
3.6. Eye Injuries
Strong evidence of the neurological safety of the TASER X26 involves a case report of a subject taking a barb in his eye.153 Even though there was obviously an
acute mechanical injury, the electrical pulses did not damage the eye or the connecting nerves. The individual recovered his vision except for a pinhole from the
barb location.
In another case of the penetration of the right eye, there was no nerve damage.154 (The mechanical damage was easily repaired.) A cataract was seen in
the left eye but even that association is somewhat suspect since the barb impact
was to the right eye. Regardless, there was no detectable nerve damage in either
eye.
3.7 Secondary Effects from Falls
There have been 6 cases in which there may be a medically or scientifically possible link between the ECD usage and the death. In these cases, a violently resisting subject fell, apparently as the secondary result of the ECD application,
and suffered a traumatic brain injury.
This is not surprising as injurious falls are commonplace with arrest resistance.
Also, the International Association of Chiefs of Police warned about the risks of
falls from ECDs as early as 1988 and 1996. The TASER International training
material, videos, and warnings cover this extensively. It is important to note that
in 2004, there were over 18,800 deaths from falls including 774 deaths from falls
from beds, chairs, or other furniture.
The comprehensive Bozeman study of 962 field uses also only found a clear
linkage — of ECD usage to serious injury — in the context of 2 falls.143 This is
consistent with the data from the Seattle Police Department as reported by
Smith.155 There is one report of a person breaki
ng an arm from the sudden fall.156
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3.8 Spinal Compression Fractures
There are 2 reports of an officer suffering an anterior compression fracture from a
training exposure.157,158 However, when TASER ECD probes are placed on a
person’s back such that the electrical current stimulates back muscles, as they
were in the reported cases (right shoulder and left hip), this causes the back
muscles to contract and the person’s back is arched backward (in extension) as
a result. When the electrical current is turned off, the back muscles relax and the
person typically starts to reflexively fall forward (flexion). If the person is standing
during the voluntary exposure, then spotters help the person to the floor (as was
the case with the case studies), usually resting on their knees with their body
bent forward in the process.
Orthopedic specialists suggest that a backward arching of the back due to contractions of the back muscles, which occurs during the period of time that the
TASER device was turned on, would not cause an anterior stress fracture of the
spine -- any arching of the spine during ECD discharge is simply in the wrong direction (posterior, and not anterior). An anterior stress fracture would occur only
while the person was arching, collapsing, or falling forward, and this would happen only after the current was turned off (in the instance of an exposure to the
back). One subject was suspected of having osteopenia.
3.9 Overall Injury Profile
Studies of field usage have demonstrated very low rates of suspect injury.143,155
Data from 9 agencies are shown in Table 5. Both the post-deployment (comparison) year and the number of ECD are shown. The comparison years were 20042005 and the number of ECD was 205-2569.
The injury reduction ranged from 24-82%. These were weighted by the number
of ECD. The weighted average injury rate reduction was 64%. The 95% confidence bounds were 52-75%. There was no univariate or multivariate correlation
between the injury rate reduction and the year or number of ECD in the department.
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Table 5. Suspect injury reductions.
Location
Austin, TX
Cape Coral, FL
Charlotte, NC
Cincinnati, OH
Columbus, OH
Lynchburg, VA
Maui, HI
Peel Regional, OT
Phoenix, AZ

TASER
ECDs
1144
243
1444
1221
205
40
413
205
2569

Post Deployment
Year
2004
2004
2004
2004
2005
2007
2007
2005
2004
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Injury

Reduction
82%
68%
79%
35%
24%
58%
48%
47%
67%

4. WHY DO SOME PEOPLE DIE WHILE BEING TAKEN INTO CUSTODY?
Sadly, about 800 people die per year in the USA during the arrest process. The
United States Bureau of Justice Statistics (BJS) found 2002 such deaths during
the period 2003-2005.159 Of these 2002 deaths for the period 2003-2005, 39
were associated with ECDs (01.9%) according to this BJS survey. Similar population groups die in other countries with illegal drug problems. They are largely
part of the 31,000 that die annually due to illegal drugs. See Figure 13.

800 custodial
deaths

31,000
drug
deaths

50 ECDtemporal
deaths

Figure 13. Custodial deaths in which an ECD was used are a small part of the overall custodial death cases which are, in turn, a tiny part of the deaths related to illegal drug use.

Also, in the US in 2004 (the last year for which mortality totals are available there
were 30,711 drug-induced deaths, 21,081 alcohol-induced deaths, 32,439 intentional self-harm (suicide) deaths, 29,569 deaths by firearm, 18,807 deaths from
falls, 17,357 deaths from assault (homicide), and 2,883 deaths from complications of medical and surgical care.
To put these 800 annual CRDs (custody-related deaths) into perspective, it is
important to note that for 2004 there were an estimated 2,000 ME/C (medical examiner or coroners') offices in the US, with 7,320 full-time equivalent employees,
while there were an estimated 2,398,000 human deaths, of which 956,000 were
referred to the ME/C offices, and 487,000 were accepted by the ME/C offices for
investigation. Thus, the 800 CRDs were 0.164% of the deaths investigated by
ME/Cs in 2004.
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4.1. Excited Delirium
Excited delirium, also known as agitated delirium, with associated metabolic acidosis41,58,141,142,160-182 is often a fatal condition with the following typical features:
History of chronic stimulant abuse or mental illness.41,58,162,168,183-188
Extreme agitation, screaming, or panic58,142,167,176,189,190
Incoherence, disorganized speech, grunting or animal sounds.191,192
Disorientation or hallucinations185,190,193-195
Hyperthermia signs: clothing removal, sweating, application of water or
high temperature.141,142,167,173,176,190,191,196-198
6. Paranoia, anxiety, or avoidance behavior.58,167,168,173,179,190,199
7. Extreme strength.173,191 173,179
8. Extreme stamina165,192
9. Constant motion or hyperactivity.58,186,195,200,201
10. Imperviousness to pain as demonstrated by self-inflicted injuries or failure
of compliance pain holds, sprays, or baton strikes.192
11. Violence, assault, or aggression towards others.58,169,186,188,190,191,201-204
12. Breaking of shiny objects such as glass and mirrors192
13. Premonition of death with statements such as, “I’m dying,” or “You’re killing me.”
14. Brief quiet period before collapse58,172,189,192
15. Presenting rhythm of PEA (pulseless electrical activity) or asystole41,63,165,181,205,206
16. Acidosis (acidic blood)161,175,192
17. Rhabdomyolysis or kidney damage (if person is resuscitated)141,142,207
18. Positive (Deborah) Mash brain test for dopamine transporters, heat shock
proteins, and amygdala activation.142,167-170,208-210
19. Positive hair test for chronic stimulant abuse.208,211-215
1.
2.
3.
4.
5.

Most simply explained, the person is mentally out of control and exceeds the
normal physical limits of the human body compensatory mechanisms until it decompensates. In greater detail, the person’s metabolism goes up significantly,
the respiratory system is unable to adequately compensate, the blood becomes
acidic, breathing is decreased, the pH starts to drop even more rapidly, and the
heart shuts down with a rhythm of PEA or asystole, and the subject dies.
Excited delirium is found in textbooks dating back to the 1800s.216-218 The first
description of an excited delirium death was a British case from 1650.219 A number of factors can cause this syndrome.
A syndrome is a group of signs and symptoms that define a medical condition.
Not all persons with a certain syndrome have all the same signs and symptoms.
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Not all cases of a syndrome result from the same cause. For example, some
persons with carpal tunnel syndrome will have numbness and tingling, while others will have weakness and pain. Also, some persons with carpal tunnel syndrome will have it because of trauma, while others will have the syndrome because of pregnancy, or a disease such as diabetes, rheumatoid arthritis or thyroid disease.
Persons with the excited delirium syndrome will have various combinations of
some of the signs and symptoms listed above. The cause (etiology) of the excited delirium syndrome in any individual may be due to one or more of a number
of conditions. The most common conditions are mental illness and drugs (especially cocaine and methamphetamine). Because the term “excited delirium syndrome” has not been widely used until recent years, many physicians do not recognize the term even though they may be very familiar with agitation and deaths
due related to drugs and other conditions.
Confusion may also occur because of the various terms that have been applied
to this syndrome. For example what is now usually referred to as excited delirium41,58,141,142,160-166,168-173,175,176,201,207,217,220-222 or agitated delirium178-182,203,210,223263
has also been called: Bell’s mania,195 acute exhaustive mania,264 acute delirious mania,195 delirium grave,195 typhoma,195 acute delirium,195 manic-depressive
exhaustion,197 excited catonia,237 lethal catatonia,265 malignant hyperthermia, hyper-exertion,266 and neuroleptic malignant syndrome.163,182,188,196,265
Why is There No Insurance Billing Code for “Excited Delirium”?
Surprisingly, some non-medical critics have questioned the scientific basis, or
existence of, excited delirium since it has no numerical code for insurance billing
purposes with the exact words, “excited delirium.” Obviously, this is not a condition for which an insured productive member of society makes psychiatric appointments. This is an emergency typically associated with law enforcement and
EMS involvement.267-271
In other words “excited delirium” does not exist because the AMA (American
Medical Association) does not “approve” the diagnosis. This is a “red herring” for
several reasons.
The AMA does not approve or disprove of any diagnoses – just billable procedures. The AMA database is the Current Procedural Terminology (CPT) listing
of insurance billable procedures.” For example, one can go to the AMA website
at: https://catalog.ama-assn.org/Catalog/cpt/cpt_search.jsp and see that an appendectomy paid $580.03 in Nevada in 2007. This is shown in detail in Figure
14.
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Figure 14. Appendectomy CPT for Nevada.

The group that deals with people — after they die — and have to make a death
diagnosis is called the National Association of Medical Examiners (NAME). They
do recognize excited delirium. 208,209,272
The strongest evidence for the irrelevance of the lack of CPT coding — for excited delirium — is the fact that there is no CPT code for “delirium” in general.
Yet, no one would question the existence of delirium conditions in medicine. A
simple Medline search shows over 15,000 papers mentioning delirium. Excited
delirium is a form of delirium that — because of physiological factors — is often
fatal.
Individuals suffering from excited delirium are often in the process of a rapid
death. They are not calling a psychiatrist to set up an appointment to be seen for
excited delirium. In fact, chronic and acute illegal drug abusers, generally are not
employed and generally do not even have medical insurance. Thus there is no
great constituency for including the exact words “excited delirium” in the CPT
codes or the DSM (Diagnostic and Statistical Manual of Mental Disorders). Just
in case the police were to make an emergency call to a psychiatrist who arrived
before the person died, there are, in fact, diagnostic codes for acute psychosis,
agitated delirium, etc that could be used for the insurance billing.
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The AMA also does not have a billing code for cocaine. And Medicare will not
pay for amphetamine or methamphetamine, according to the AMA billing code.)
There is no AMA CPT code for treating bullet wounds either. There is no AMA
CPT code with the word “bullet” in it.273 To suggest that a condition does not exist
because there is no insurance billing code — for the exact phrase— is rather
silly.
There are numerous ICD-9 and DSM-IV codes which could cover an excited delirium state as shown in Table 6.
Table 6. Some ICD-9 and DSM-IV Codes for Delirium

ICD-9 Code

DSM-IV Code

292.81Q

292.81

Cocaine Intoxication Delirium

292.81
292.81

Other (or Unknown) Substance-Induced Delirium
Amphetamine Intoxication Delirium

292.81

Hallucinogen Intoxication Delirium

292.81

Phencyclidine Intoxication Delirium

293

296.00S

Delirium, DrugInduced
Delirium, Induced
by Drug
Psychomotor
Excitement
Psychomotor
Agitation
Abnormal Excitement
Delirium of Mixed
Origin
Manic Excitement

307.9AD

Agitation

293.89

780.09E

Delirium

780.09

Delirium Due to...[Indicate the General
Medical Condition]
Psychotic Disorder Due to...[Indicate the
General Medical Condition], With Delusions
Catatonic Disorder Due to...[Indicate the
General Medical Condition]
Delirium Not Otherwise Specified

292.81R
799.2AM
799.2V
799.2X
293.1J

293.81

Position of the National Association of Medical Examiners
Excited delirium is well accepted by the medical examiner community — as a diagnosis — and they actually have a position statement to this very effect.208,209,272 Medical examiners are not paid by insurance companies and thus
insurance billing codes are irrelevant to them.
Thus, the physicians who deal with violent death have recognized excited delirium as a cause of death for some time. 208,209,272 Here are 3 paragraphs copied
— in full — from this position statement (emphasis added):209 (note that the
statement also uses the synonym “agitated delirium.”) (emphasis added)
The time of the terminal cocaine use cannot be reliably determined by
drug analysis alone. Estimation of the time and quantity of cocaine ingested may not reliably relate to toxicity, lethality, or the development of
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excited delirium. Attempts at calculating dose based upon the formula
using volume of distribution, weight, and a blood level cannot be accurately performed on postmortem samples. Drug levels do not necessarily
relate to drug toxicity or poisoning.
A diagnosis of cocaine-induced agitated delirium can be made when investigative information supports a history of chronic cocaine use. Whenever the victim presents with a clinical or investigative history of acute
psychosis (paranoid behavior, undressing, violent behavior, and often
with hyperthermia) and a complete investigation and forensic autopsy
does not reveal a pathologic process as the proximate or underlying
cause of death, then a central nervous system active drug should be suspected. Cocaine may be present in low levels or only the metabolite may
be detected in urine or spinal fluid. Chronic drug use is necessary to induce the changes in the neurochemistry that lead to agitated delirium.
The presence of hyperthermia (core temperature > 103° F) is strongly
supportive of a cocaine-induced event.
A catecholamine-mediated excited delirium, similar to cocaine, is becoming increasingly recognized and has been detected in patients with
mental disorders taking antidepressant medications, and in psychotic patients who have stopped taking their medications. This may relate to the
same neurochemistry and channelopathies that are associated with the
effects of cocaine. Some medical evidence suggests a genetic predilection for a mutated potassium channel locus in some susceptible individuals.

Statement of the U.S. Department of Justice.
A June 2008 National Institute of Justice, U.S. (United States) Department of
Justice publication the U.S. Attorney General stated: 274
Excited delirium is one of several terms that describe a syndrome characterized by psychosis and agitation and may be caused by several underlying conditions. It is frequently associated with combativeness and elevated body temperature. In some of these cases, the individual is medically unstable and in a rapidly declining state that has a high risk of mortality in the short term even with medical intervention or in the absence of
[ECD] deployment or other types of subdual.
Excited delirium that requires subdual carries with it a high risk of death,
regardless of the method of subdual. Current human research suggests
that the use of [an ECD] is not a life-threatening stressor in cases of excited delirium beyond the generalized stress of the underlying condition or
appropriate subdual.
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4.2 The Mentally Ill
A significant source of tragic in-custody deaths is the mentally ill population. They
are also a significant source of excited delirium deaths. In addition they are a
significant source of law-enforcement deaths.
A natural outgrowth of a mental health system that withholds needed treatment
until a person with a mental illness becomes dangerous is that police officers and
sheriff’s deputies are forced to become front line mental health workers. The
safety of both law enforcement officers and citizens is compromised when law
enforcement responds to crises involving people with severe mental illnesses
who are not being treated. In 1998, law enforcement officers were more likely to
be killed by a person with mental illness than by an assailant with a prior arrest
for assaulting police or resisting arrest. And people with mental illnesses are
killed by police in justifiable homicides at a rate nearly 4 times greater than the
general public.
The mentally ill represents a significant portion of subjects upon whom ECDs are
used according to a study by Ho et al.275 Their data suggest frequent use of
ECDs in situations where deadly force would otherwise be justified and in situations where subjects exhibit imminent danger to themselves. Their data also
suggest that escalation to deadly force was avoided in many mental illness and
suicidal situations by the presence of a ECDs.
ECD use appears to play a signficant role on the types of force that is used by
law enforcement in contacts with mentally-ill persons. In the database queried,
45.3% (1,111 or 2,452 reports) of ECD uses were in situations where lethal force
would have been justified or in situations where the subject posed an imminent
lethal danger to himself.
The report of the Fifth International Law Enforcement Forum for Minimal Force
Options and Less-Lethal Technologies, Washington & Fairfax - November 2006,
International Law Enforcement Forum found that there was general consensus
that officers were using conducted energy devices (ECDs), primarily the TASER
devices as the first option.276 They reported:
Of note also was the sense from many of the group members that police
use of ECDs to gain compliance of subjects who are suffering from mental health problems (e.g., schizophrenia) has found broad support among
mental health groups (The Schizophrenic Society in Canada, The
Schizophrenic Association in the UK, and the National Institute of Mental
Health in the US were all mentioned).
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4.3. Anti-Police Organization Fund-Raising “Studies” are Junk Science.
Summary
Some anti-law enforcement groups have used ECDs for very successful fundraising campaigns by suggesting that custodial deaths in which an ECD was
used were somehow caused by the ECD.277,278
Why do some people succumb to sudden unexpected and unforeseeable death
while encountering law enforcement officers, or in emergency rooms, hospitals,
psychiatric centers, in the backs of ambulances, while being tended to by EMS
personnel? We all want answers and we all want to blame something. Often,
some people seek to blame a single cause temporal to the person’s death, while
most often the causation of death is actually multi-factorial and is usually chronic
rather than acute. Resisting arrest and consuming illegal drugs, especially over a
long period of time, is dangerous and often leads to “excited delirium”-type
deaths, which is the most likely explanation for this sad type of death.
The fact that a TASER ECD was used in some attempts to control someone who
is violently resisting law enforcement or EMS attempts to save their life does not
mean that the ECD was the cause of death.
This cannot be put any better than it was in the Farnham editorial in the British
Medical Journal.174
Legal reasoning favours single proximate causes rather than medical
conditions, but the intervention most proximate to the time of death is not
necessarily the cause of death. Similarly, popular journalism favours controversy and blame rather than balance and exploration.

Causation vs. Correlation
Why does the sun come up after the rooster crows? If one thinks that the
rooster’s crow caused the sun to come up then one has committed the post hoc
ergo propter hoc logical fallacy. The statement “post hoc ergo propter hoc” is
Latin for “after this therefore because of this.” You put your coat on before you go
out on a winter day. Do you think your coat caused the air to turn cold? That is
why some media reporters lacking scientific training and an understanding of statistics, as well as a well grounded foundation in logical thinking and fallacial
analyses may wrongly, and naively, see causations where there are none.279-281
Over 31,000 Americans die annually of drug-related causes according to the
Center for Disease Control. The death of a stimulant abuser is not a peaceful
sleepy death like one from heroin – especially if the individual is a chronic
abuser. It is violent, disturbing, and with bizarre behavior.182 It may also be ugly,
sad and tragic. The methamphetamine epidemic is also causing a rapidly increasing number of stimulant deaths which may top those of cocaine. The endstage of chronic cocaine or methamphetamine usage, in some individuals, is a
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fairly consistent sequence of events often referred to “excited delirium” and is
discussed in an earlier section.
In the 1990s, these in-custody-deaths were blamed on oleoresin capsicum (pepper spray). “Pepper Spray: A Magic Bullet under Scrutiny.”282 In the cited report,
the ACLU (American Civil Liberties Union) of Southern California “documented” 7
fatalities after the use of pepper spray in a 9-month period. Amnesty International
still attempts to link 100 deaths to pepper spray by referring to these deaths “after” the use of pepper spray.278 These deaths have also been blamed on chokeholds283, lateral vascular neck restraints, hog-tying, compression restraints, and
positional asphyxia.178,284-291 Now the uninformed death causation du jour is the
TASER ECD and it is being seen — by some — as a simple, “obvious” scapegoat for these tragic deaths.
If a person with normal mental function has excessive exertion, that individual’s
brain will recognize the signals that the blood is getting acidic and will force the
body to slow down. This is a normal compensatory function. If someone’s mental
functioning is such that this feedback signal is ignored, the person may struggle,
resist, and fight until they die.292 Thus, excited delirium can kill by making the
blood so acidic that nothing can function.161,173,208,292,293 The typical features of
excited delirium are shown in the earlier checklist. The main causes are chronic,
illicit stimulant abuse, or the presence of certain mental health conditions.175,176,294
When someone is dying this horrible death described as excited delirium, they
usually exhibit bizarre, unusual, and violent struggling behavior which often attracts attention. Law enforcement and EMS personnel are then called and they
have to deal with this syndrome for which no good or accepted protocols or
treatment have been agreed upon.175
Studies of excited delirium deaths show that the majority (~ 70%) of the cases
have no TASER device involvement.41 295,296

4.4. Examining (a few of) the Medical Examiners
Why have a few MEs (medical examiners) indicated that TASER devices were a
cause of death, a contributing factor in a death, or could not be ruled out as a
cause of death?
Even if every death in which the TASER device is even mentioned in the autopsy
report — was assumed to actually be the fault of the TASER device — then it
would appear to be an amazingly safe weapon. Around 27 such cases out of
about 1.4 million estimated uses (by July 2008) indicates that the theoretical
death rate is about 1 in 50,000. This is lower than the lifetime risk of a lighting
death of 1 in 30,000. But, even those few cases exaggerate the role of the
TASER devices in any deaths.
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MEs cannot detect electricity in the body after a shock like they can detect drugs
or bullets. So, they sometimes (less today than in and before 2005) take a politically safe approach and make the meaningless statement that, “The role of the
TASER [ECD] was undetermined,” or “… could not be ruled out,,” which translates into the media headline of “Another TASER Death!” This can be an honest
admission, although scientifically, medically, and logically invalid, by an ME of
knowing nothing about electricity. However, this seemingly innocuous statement
is often misperceived and sensationally misreported resulting in unjustified scrutiny and litigations.
Also, in many such death cases the ME does not perform the investigation or the
tests that could actually assist in proving causality of death. The examiners often
do not test for the striatal dopamine transporter levels in the brain,169,170,297 nor do
they perform hair analysis for indications of chronic drug abuse.211-215 Nor do
many of the examiners perform psychological autopsies to gain additional information that could lead them to other possible contributors or causations of death.
Nor do they routinely collect and analyze medical, drug use, and criminal histories. These lapses may be for budgetary reasons or time constraints. Also, there
is no great societal pressure to expend large amounts of time and resources precisely investigating the death of an apparent drug addict or street criminal.
A death from excited delirium, in the chronic illicit drug user, will often occur at a
point when the drug itself has been metabolized (processed) and thus is not detectable, or at least not quantifiable, in the blood.298 Or, it is detectable at a fairly
low level, or only as a metabolite, not within the known fatal range for an acute
usage. The tests to determine the neural effects of chronic drug usage are tricky,
expensive, and time consuming. At a minimum they require an expeditious harvesting and freezing of the brain so that it can be analyzed for the modifications
from long-term drug use. In the majority of excited delirium type deaths this is not
done.
Very rarely do the MEs affirmatively list the TASER device as a contributing factor in a death. In those rare cases, TASER has presented the autopsy and law
enforcement records to cardiac electrophysiologists, toxicologists, experts in excited delirium, neuropharmacologists, and other specialists. In every case analyzed to date, the medical and scientific experts have concluded that the ME
speculation that the ECD contributed to death was scientifically and medically
incorrect. The most common mistakes made by the examiners were: (1) failure to
appreciate the timing of electrocution (within 5 seconds of ECD initial exposure),
(2) failure to adequately investigate excited delirium, (3) failure to understand the
lack of physiological effects of ECD exposure, and (4) failure to logically analyze
and deduce causation free of logical fallacy contamination. Since electrocution is
instantaneous (seconds), cases in which death occurred minutes or hours after
the TASER application are easy to eliminate by someone understanding fibrillation.

66

A press search was performed for the years 2002-2005 for cases of a sudden incustody-death) with a temporal TASER ECD association and obtained the
autopsy reports. Working with other experts, the number of errors found in the
MEs’ reports were calculated.299
As discussed earlier, sudden death from electrical discharge (electrocution) is
caused by the induction of VF and generally follows this sequence: (1) pulse disappears immediately, (2) there is loss of physical strength for continued resistance, (3) collapse occurs within 5-15 seconds, (4) VF rhythm occurs, and (5)
immediate defibrillation is usually successful. Any material failure to appreciate
the above facts was scored as an error.
Other errors were counted if the ME report reflected hypotheses not supported
by known scientific literature. These included: blaming the ECD for cardiac
physical changes, inclusion of a publicity sensitive safe comment (e.g. “we were
unable to eliminate the role” of the ECD), falsely assuming that prolonged ECD
applications are more dangerous than other restraint techniques, claiming that
ECDs impair breathing, presumption of a lethal synergy between stimulant drugs
and the ECD, and use of the ECD in the “drive stun” mode only since this involves current passing between 2 very close transcutaneous electrodes and
does not create any major body mass involvement. Finally, the use of the metaphorical “last straw,” without any scientifically reliable basis for determining a
contribution to death, was scored as an error.
Twenty-seven cases were found where the autopsy report inappropriately listed
the ECD as a contributory or as an “unknown” factor. As expected, the rate of
such reports appeared to be growing at 2.6 per year (r2=.74, p = .06) due to increased adoption and deployment of the TASER ECDs by law enforcement
agencies. Autopsy reports were reviewed for these cases and ME errors were
statistically tabulated. The decedents were all male with mean age 35.6 ± 10.7
years (median = 32) which is consistent with recently reported custodial death
data.295,296 A mean of 3.1 ± 1.2 scored errors per report with a range of 1-6 was
found. This rate was very stable across the study period. A sobering finding was
the rate at which the “last straw” logical causal oversimplication fallacy was mentioned as a linkage in lieu of a scientifically reliable and literature supported
mechanism. Scored errors are listed in Table 7:
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Table 7. Errors in Autopsy reports from 2002 to 2005.
Probable Error in Citing the ECD

N

Time to collapse ≥ 1 minute

21

Continued resistance after ECD application

14

Rhythm other than VF

11

Publicity sensitive comments

9

Failure of immediate defibrillation

7

Drive stun mode

6

Assumed drug-ECD electrocution synergy

6

Discharge duration or parity

5

“Last straw” metaphor as a mechanism

4

Cardiac damage ascribed to ECD

3

Assumed ventilation impairment

2

In an update including the ECD incident involved with subsequent death autopsies from calendar year 2006, a dramatic shift was found. The rate of ME mentions was rapidly trending towards zero as seen in Figure 15. This shows the impact of the many published scientific papers demonstrating the safety of the
TASER ECDs.

Figure 15. The rate of the TASER ECD (CEW or Conducted Electrical Weapon) being mentioned as contributory is now dropping rapidly.
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4.5 Cluster Analysis Suggests Bias
The special case of Summit County, Ohio, merits special attention. Three of the
ECD-blamed deaths come from this 1 of over 3000 counties in the USA.
The Summit County Medical Examiner ruled the TASER ECD as a primary cause
of death in 3 TASER Temporal Death (TTD) cases. These are Holcomb, Hyde,
and McCullaugh.
Nationwide there are about 9 more cases in which the ECD (of all brands and
models) was blamed as THE or ONE of THE primary causes (sometimes tied
with 2 or 3 other causes). This requires a very liberal reading of the autopsies
and went back to 1982. This was out of the 304 TTD cases with autopsy reports
from outside of Summit County.
In Summit County there was a 3/3 chance of a TTD were ruled as due to a
TASER ECD. For the rest of the US and Canada it was 9/295. The chi-square
statistic is used to compare fractions and this gives a probability of p = 2.1 x 10-12
of this being due to chance. In other words, by the odds of 459,778,944,378 to 1
Summit County has an apparent bias against either TASER ECDs or the local
law enforcement community. The City of Akron, Ohio, and TASER received judicial correction of these autopsies.300
4.6 Logical Errors
The basis for any logical determination of a causal connection, an association, or
a correlation must be from scientifically reliable research grounded in the scientific method, and determined to an acceptable degree of scientific certainty (normally to a reasonable degree of scientific or medical probability), and with some
determinable degree of contribution.
Inverse Causation
One logical error is so common that there are riddles based on it. This is the error
of the inverse causation. In fact, the best way to introduce this error is with a riddle.
“Why do I always find something in the last place that I look?” After a brief reflection the answer is obvious: once someone finds something they stop looking for
it. Therefore they will always find that which is being sought in the last place they
look. With the inverse causation thinking one would be tempted to ascribe the
discovery to the fact that the article was hidden in the very last possible hiding
place in the universe.
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Let us go back to the rooster example. Why does the sun rise after the roster
stops crowing? Does the sun, in fact, listen for a local rooster crowing to stop before it shows its shining face? Obviously not. The causation is the exact inverse.
The roster begins crowing with the first hint of sunlight refracted through the atmosphere and then stops.
Inverse causation fallacious thinking is often common with the media and others
with law enforcement involved in-custody deaths. With excited delirium a person
will often have superhuman strength and stamina until they stop breathing. This
is when they often have their very short “quiet period” and they then quickly develop a cardiac rhythm of asystole or PEA. During the quiet period the law enforcement officers and EMS are able to cease with the more aggressive restraint
techniques and handcuff or further restrain the person. (This ending is the reason
why handcuffs are associated with 100% of in-custody deaths.295,296) However,
the person was already programmed to progress to a lethal cardiac arrhythmia of
asystole or PEA and they now have a lethal cardiac arrhythmia.
With the logical analysis mistake of inverse causation it is often tempting to
blame the death on the last restraint technique or specifically the last few seconds of the restraint technique, or on the device or tool that they least understand.
Stop versus Start Confusion
This is the error of associating the cessation of an input with an injury rather than
the associating of the initiation. Imagine that someone swallowed a lethal dose of
a poison. Depending on the metabolic pathway the poison may take hours to
days to kill. For example, acetaminophen may take weeks to kill.301 Because the
suicidal individual feels a minimal effect at a half hour, they might take another
lethal dosage. This might continue for hours until they are vomiting so much that
they cannot swallow anything. A few weeks later they finally die. Someone having the “stop vs. start” confusion would blame the last “stop” dosage for the death
when the first “start” dosage was already fatal.
Another example would be of a person that suddenly stops drinking and dies
from severe withdrawal delirium tremens.
Just as with excited delirium, the initial factor leading to the person’s death is
usually the chronic, or longterm, stimulant abuse, and not the acute, or recent,
abuse. In summary, the last or “stop” seconds of electrical current are irrelevant
for electrocution.
Example of “start-versus-stop” confusion
A violent criminal subject is controlled for 120 seconds with an ECD. There are
many reasons why such a long application may be necessary such as when the
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person is barricaded in an automobile and removal is difficult. (See typical example in Section 4.7) The person finally collapses and the ECD is turned off. The
naïve calculus would allow for the consideration of an electrically induced VF
since the collapse was within seconds of the final ECD application. This would
lead to a false conclusion. The correct timing start is to the initial application. Had
the current been sufficient to induce VF then the person would have collapsed
within 5-15 seconds and there would have been no long application required.
Some Means All
This interesting logical fallacy is best explained by example as it can be subtly
and very misleadingly hidden in a narrative. Here is a direct quote from a physician expert report in a civil litigation.109
All people with methamphetamine intoxication do not die of the methamphetamine or of "excited delirium". In the present case the only significant
adverse physical stimulus was from the TASER applications. Are we
really expected to believe that the TASER has no physiologic effects
when delivered in the manner of this case?

Since some people do not die from a toxic level of methamphetamine, we are
apparently supposed to conclude that all people could survive a toxic level of
methamphetamine. This is clearly erroneous. Based on this clear logical fallacy
and logical sleight-of-hand one then concludes that something else was needed.
The physician also incorrectly assumes, without scientifically reliable human
data, that a TASER device discharge has significant negative physiological effects that can cause death. This is simply incorrect.
This case also provides an example of a clever, although possibly unintentional,
“term switch.” Note that the ECD is referred to as providing an “adverse physical
stimulus” in the middle sentence while it is referred to as having “physiologic effects” in the last sentence. The ECD clearly has physiological effects or it would
be worthless on human beings. However, by slipping in the adjective “adverse”
an uncritical thinker might be tricked into wrongly agreeing that the ECD had a
harmful effect on the person.
Another trick in this example is the “excluded middle.” The reader is implicitly
given only 2 extreme choices. They are:
1. The ECD had an adverse effect
2. The ECD had no effect at all
The correct choice is a middle choice — that the ECD is well known to have —
which is the effect of capturing a person without having any adverse effect.
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This type of reasoning would argue that a person with clinically significant bullet
wounds could not have died from that damage since many people survive bullet
wounds.
Circular Illogical Reasoning on Drugs
The typical in-custody death case involves someone with a history of drug abuse
as well as possibly an acute toxic level of the same drug of choice, or a polydrug
synergism. With the overwhelmingly positive field experience with TASER ECDs,
no longer can anyone suggest any danger with a healthy person. However, some
critics point to the few deaths of drug users — in which an ECD was used in the
restraint process — and speculate that ECDs are therefore more dangerous with
drugs.277,278 This is completely unscientific for several reasons:
1. ECDs are involved in less than 100 of the 30,000+ illegal drug deaths annually in the USA.
2. Scientific studies show that drugs do not make the ECDs more dangerous.89,92,93,302
3. Crossover data from large and small jurisdictions show that implementing
ECDs makes subject and officer field injury rates go significantly down and
not up. 152,303 155,304
4.7 The “Last Straw,” “Over the Edge,” or “Boo!” Causation Theories
When someone is eager to blame the ECD and has no scientific linkage then a
common “mechanism” is the logical fallacy commonly referred to as the “last
straw” or “pushed over the edge.”299 It is typically verbalized as, “Well, Mr. Doe
was in bad shape from the years of hard drugs, and the heavy drug dosage of
the binging that day and the fighting with the officers but the TASER ECD was
the last straw [that broke the camel’s back].” In the infamous§ (IL) Ronald Hasse
autopsy, this was referred to as “pushing over the edge.”
An autopsy found Hasse's system contained .55 micrograms of methamphetamine per milliliter of blood — .05 micrograms above what is considered a lethal
level. But the illegal drug probably would not have killed Hasse without his getting
"pushed over the edge" by the TASER's jolts, Denton said.305

This fallacy also wrongly presupposes (or assumes) that if a TASER ECD were
not used, then no alternative force tool or technique would be used, or that the

§

This was the first autopsy to blame an ECD as the primary cause of death. It contained 6 significant errors.
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incident, the struggle, etc. would immediately cease on its own. The police officers and EMS personnel were highly unlikely to have simply walked away and
left Mr. Hasse to his own care.
A related theory that has been disproven is that the pain and stimulation from an
ECD increased the catecholamine levels (epinephrine and norepinephrine) to
some magic point so that the subject died. This theory has several fundamental
flaws. One example (from an actual physician expert report in a lawsuit) suggested that an agitated PCP abuser (that had been hyperactive for some time)
had his adrenaline levels raised by the ECD stimulation which then pushed him
over the edge.
PCP is an anesthetic (nerve blocker) and that is what it was developed
for.113,115,306,307 Thus the signals would not get from the site of electrical contact to
the brain. PCP is also a powerful analgesic (pain killer) and thus the violent subject was not feeling any pain.113-115 PCP already raises the norepinephrine levels
extremely high and thus it is doubtful that anything can add to that.308 Exercise
also dramatically raises the epinephrine and norepinephrine levels by a factor of
7 to 1 and thus it is doubtful that anything could have added to that with the extreme level of exertion that the subject was under.309
4.8 Just a Little Bit Longer
Sometimes a long ECD application is required to control an especially violent
person in a potentially harmful situation. For example, consider this case as related by a senior law enforcement official.
GLENDALE, AZ. JAN 20, 2005. My officers had a domestic violence call
where the husband had assaulted his wife pretty badly and took off with
their 5 year old son in a car. The officers were able to get the car stopped
in an apartment complex parking lot and confronted the man. As they approached the vehicle the man produced a knife and threatened the officers with it from the vehicle. A short standoff occurred with the officers not
retreating because the 5 yr old was in the passengers’ seat and within
reach of the man. As officers were addressing him the man lunged for his
5 year old with the knife and a TASER was deployed. The man was immediately incapacitated and was pulled from the driver’s side while the 5
yr old was pulled from the passenger’s side. The man received a 30second continuous ride while being removed and the world was a safe
place again. ALL of the officers in this situation came to me and thanked
me for the weapon and their training relating to the TASER. They all
agreed that this would have been a definite shooting had the weapon not
been with them. 310

The officers had to give a continuous 30-second TASER ECD application to keep
the violent subject from killing his own son. This is the equivalent of 6 normal applications. Under the Northern California ACLU recommendations,30 this would
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not have been allowed and this 5 year old boy could be dead from a stab wound
and the father probably dead from multiple bullet wounds as the officers tried to
stop the knife attack.
It is difficult to justify doing long duration studies on humans as one needs to balance the abuse consideration of volunteers against a very small possibility of injury to a violent criminal subject. However, when one of these criminal subjects
dies after a required long ECD application a personal injury lawyer may argue
that there are insufficient studies for the certain duration used. They will then further speculate, that if the company had done studies just a little longer then they
would have seen the mysterious cause of death that is being sued over.
The safety of longer applications appears to be demonstrated by the recent human data with exposures out to 45 seconds311 and animal data with exposures
out to 30 minutes.312 To date the unpublished research continues the earlier published research findings of no clinically significant negative physiological effects.
4.9 Legal Warnings as a Substitute for Scientific Causation.
An occasional critic has attempted to rely on the extremely conservative TASER
ECD warnings, as a substitute for a scientific mechanism of harm. (These warnings were, in part, based upon published speculations and not on research based
conclusions from sound scientific research.) An example from a deposition follows:
…how can you put at the bottom of a report that the TASER had nothing
to do with the death when TASER’s own literature gives you warnings
that in the right circumstances, bad things can happen.313

TASER does provide many warnings — driven in part by earlier speculation —
which can be considered extremely conservative. Given the litigious environment
that any manufacturer faces in this country, this may have been prudent. Consider these examples:
Home appliance-maker Rowenta reminds customers to not iron their
clothes while wearing them. Just to be sure that youngsters can't cop the
old super-power plea, Houston-based retailer Frankel's Costume warns
users that just because they are wearing a Superman costume doesn't
mean they can fly. And when Apple introduced its iPod "shuffle" digital
music player in 2005, the company added a "Do Not Eat" warning on its
Web site.314

However, the logical fallacy in relying on them is best exposed by an analogy.
Imagine that a methamphetamine addict is found dead in his yard with a high
dosage of the drug in his blood. Testimony suggests that he may have climbed a
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stepladder and used his lawn mower that morning. Let us further imagine that
both the stepladder and lawn mower had warnings that state that their use could
be dangerous for anyone under the influence of alcohol or drugs. Would anyone
suggest that this was evidence that the ladder or lawn mower made any contribution to the death?
4.10 Keeping the Rhythm
It is very important to understand the difference between the lethal rhythms of
custodial deaths and those that can be induced by electrical stimulation as listed
in the Glossary. The lethal arrhythmia of VF can be induced by sufficiently strong
electrical currents. However, this rhythm is almost never seen in custodial
deaths. A rare few small pigs were inducible into VF by ECD stimulation. This
has confused some into assuming that this was relevant to the media-linked
deaths in which an ECD was used. However, no pig was ever induced into asystole or PEA which are the primary rhythms of custodial deaths.
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5.0 EPIDEMIOLOGY
5.1 Field Exposure Statistics
Reports of law enforcement ECD usage rates (187) from 118 unique agencies for
the years 1986-2008 were analyzed. A total of 156 reports were from the US
(83%) with the remainder coming from Canada. A total of 22,160 field uses were
recorded. The usage rate per ECD varied significantly with departments (1.2 ±
2.1) with the pattern of use following a log normal distribution (m = 1.2, µ = 1.08).
Most of that variation encountered was due to different levels of deployment levels with an impressive correlation of r2=.72 as seen in Figure 16.

Figure 16. Annual field usage rate per weapon. Low deployment departments have much
higher usage rates per CEW as they are called out to many difficult situations while each
officer in full deployment departments has an individual CEW.

The deployment level is the number of ECDs divided by the number of sworn officers. Full patrol officer deployment is typically found a deployment level > 0.75.
This is explained by the fact that not every sworn officer is issued a ECD as they
are not all active patrol officers.
In a city that has few ECDs and issued only to the SWAT unit, each of those devices will be called on often and they will be used, on average, about 1.7 times
per year. The more officers equipped with ECDs, the lower the usage rate, which
drops to a rate of 0.2 – 0.4 per year per ECD depending on the number of ECDs
issued as seen in Figure 16. There was no difference between usage rates in the
US vs. Canada.
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This model of usage rate versus deployment rate was then utilized on the
TASER sales history up to 30 June 2008 to estimate a total of 606,395 field uses.
These numbers do not include those of the 150,000 ECDs in civilian hands
(since 1993). They also do not include the large number of non-contact uses including brandishing, arcing, laser “painting.”
5.2 Training Exposure Statistics
TASER ECD certified instructors completed 2082 surveys which covered
106,637 TASER ECDs. There were a weighted mean of 1.98 human training exposures per ECD. The reason this number is >1 is that in low deployment departments many officers share an ECD.

Figure 17. Total field and training exposures. The numbers up to mid-2008 are based on
actual CEW deployments while the remaining are based on conservative sales estimates.

An estimated 378,731 ECDs were fielded by 30 June 2008. This number multiplied time 1.98 gives 749,175 ECD training exposures. Adding in 1.17% per
quarter for turnover exposures gave 758,385 training exposures.
The total human exposure estimates are shown in Figure 17. Note that the field
uses are expected to exceed the training uses in 2010. The reason for this is that
training exposures are primarily driven by new deployments and thus are approximately proportional to new sales. However, field uses are driven by the total
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number of ECDs in the field and thus are predicted by the integral of the deployed units. Since this, in turn, is the integral of sales one would expect a quadratic fit to the year which was the case (r2 = .9988).
5.3 Mortality Rates
From 1982 to July 2008, there were 12 autopsies in which an ECD has been
listed as a cause of death or as the cause of death. Added to the 6 cases in
which the ECD actually contributed to a death from a secondary fall gives a total
of 18 cases. There were also 0 deaths from the 760,000 training exposures. This
gives a very conservative upper-limit mortality rate of 13.1 per million exposures.
In none of the 12 non-fall autopsies, has the alleged ECD contribution withstood
legal or scientific scrutiny. Counting only the 6 deaths (from secondary head injuries with falls) after an ECD exposure, the actual total mortality rate for a human
exposure is 4.4 per million. In 2004 there were 18,807 deaths from falls out of
2,397,615 total deaths, out of the general population of 293,656,842, which
yields a mortality rate from falls in the general population of 6.4 per million.
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