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Abstract—The maximum distance between the heart and a
model Taser stimulation dart, called the dart-to-heart distance,
at which the Taser can directly cause ventricular fibrillation (VF),
was measured in pigs. A 9-mm-long blunt probe was advanced
snugly through the surrounding tissues toward the heart. Five an-
imals [pig mass = 61.2 ± 6.23 standard deviation (SD) kg] for
ten dart-to-heart distances where the Taser caused VF were tested.
The dart-to-heart distances where the Taser caused VF of the first
stimulation site ranged from 4 to 8 mm with average 6.2 mm ±
1.79 (SD) and of the second stimulation site ranged from 2 to 8
mm with average 5.4 mm ± 2.41 (SD). The results help inform the
evolving discussion of risks associated with Tasers.

Index Terms—Electrical safety, electromuscular incapacitating
device, fibrillation, safety, stun gun, Taser, ventricular fibrillation
(VF).

I. INTRODUCTION

E LECTROMUSCULAR incapacitating devices (EMDs),
also called electromuscular disruption devices (EMDs),

human electromuscular incapacitation (HEMI) devices, and
conducted electrical weapons (CEWs), such as the Taser, have
been adopted by law enforcement authorities to reduce the use
of guns. However, some suggest that EMDs can kill [1]. They
suggest that the EMD directly electrocutes the heart, ventric-
ular fibrillation (VF) would cause the heart to stop pumping,
the blood pressure would decrease precipitously, and cardiac ar-
rest would occur quickly. Nonetheless, many deaths following
EMD use occur much later and may be caused by drug overdose,
positional asphyxia, or other causes [2].

Investigators attempting to model and/or measure the likeli-
hood that EMDs might cause VF encounter many difficulties,
including variable susceptibility of individuals, variance of an-
imal models from humans, and exceptionally challenging nu-
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merical simulation models even for a standard torso. Recently
Holden et al. [3] used extensive numerical modeling of the torso,
experimental measurements of the current needed to cause VF
in guinea pig isolated hearts, and concluded that the evidence
argued against arrhythmogenic action of Taser devices. How-
ever, it is known that inducing sustained VF in small animals is
difficult and impossible for some stimulus paradigms [4]–[6],
justifying the need for considering data from larger animals,
such as the live pig, more similar to humans, despite the obvi-
ous increases in experimental complexity.

We have published one report suggesting a small but esti-
matable risk by extrapolating from susceptibility of pigs to VF
caused by an EMD-like probe [7]. The key measure was the
maximum distance from the heart to the tip of the electrode
probe at which the current from a Taser induced VF. This dis-
tance, which we term the dart-to-heart distance where the Taser
caused VF, was 17 mm ± 6.48 standard deviation (SD) for the
first VF event for a particular pig and 13.7 mm ± 6.79 (SD)
for the successive VF events. However, in this experimental
setup, the probe was inserted into a bluntly dissected pathway
that was filled with conductive gel to exclude air, but which un-
intentionally permitted a more direct electrical pathway to the
heart that likely increased the dart-to-heart distance where the
Taser caused VF. Here, we report on parallel measurements but
with an improved and more realistic experimental setup. The
results refine our previous estimates and provide new data that
should assist the community in evaluating the dangers of EMD
devices. All experiments were approved by the appropriate In-
stitutional Animal Care and Use Committee and adhere to all
applicable laws and standards of the National Institutes of Health
(NIH) and the United States Department of Agriculture (USDA)
as well as the policies of the American Physiological Society
(APS).

II. MATERIAL AND METHODS

Two specially designed probes were used, both with a core
conductive rod 0.8 mm in diameter to match the Taser dart di-
ameter. The 100-mm-long skin-to-heart-distance-testing probe
[see Fig. 1(a)] measured the skin-to-heart distance at the stim-
ulation site. The 50-mm-long blunt probe [see Fig. 1(b)] de-
livered the Taser current. The surface of the blunt probe was
insulated except for the first 9 mm portion, which delivered
the stimulation current. The blunt probe was designed to match
the structure of standard Taser darts except that the normally
sharp tip was made blunt to avoid inadvertently piercing the
heart, which would have ended the test. A conducting lead con-
nected to X26 Taser delivered stimulation current to the pig. The
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Fig. 1. (a) Distance-testing probe measured the skin-to-heart distance.
(b) Blunt probe delivered the stimulation current from the exposed 9-mm-long
wire.

stimulation current delivered by the X26 Taser contained peak
current pulses of about 2 A for a duration of about 150 µs and
lasted about 5 s with 15–19 pulses/s.

The anesthetization process, animal monitoring method, and
defibrillation procedure remained the same as in our previous
animal study [7]. The pigs were premedicated with Telazol R©

for immobilization. Isoflurane was administered via a mask to
induce a surgical plane of anesthesia. A tracheostomy was per-
formed and placement of the endotracheal tube allowed con-
nection to a Harvard respirator. The tidal volume was set to
15–20 ml/kg body weight. Isoflurane was set at 5% for induc-
tion and decreased to 3% to 4% when the surgical plane was
achieved. The level of anesthesia was monitored by heart rate,
end-tidal CO2 and testing the corneal reflex, jaw tone, and limb
withdrawal. If any of these reflexes were elicited, the concen-
tration of anesthetic was increased until the response subsided.
Animals were euthanized with intracardial injections of a satu-
rated solution of KCl while under anesthesia.

Once the pharmacologic procedures were complete and the
animal was in a homeostatic condition, the stimulation sites were
determined. Since the midpoint of the right ventricle is known to
be the most excitation-sensitive region of the heart [8], the first
stimulation site, site 1, was chosen on the right thorax above
the right ventricle between the third and fourth ribs, and the
second site, site 2, between the fourth and fifth ribs. A shal-
low 2 mm wide skin incision was made only to get through

Fig. 2. Computed tomography image of blunt probe, sternum, and rib (white),
lung (dark) surrounding the heart (gray). The blunt probe was inserted through
the fat layer, the muscle layer, and the intercostal muscle layer between the ribs.

the tough skin. Then, the distance-testing probe was inserted
through the fat layer, muscle layer, intercostal muscle layer to
reach the pericardium to determine the skin-to-heart distance. It
penetrated snugly through these layers. The insertion depth was
determined by feeling the mechanical heart contraction behav-
ior through the distance-testing probe. The whole process was
designed to minimize the disturbance of the natural anatom-
ical structure. After the skin-to-heart distance was measured,
the skin-to-heart-distance-testing probe was carefully removed
from the stimulation site.

Two stimulation darts, the blunt probe and the remote dart,
delivered stimulation current. The blunt probe was slid through
the previously made stimulation site track. The remote dart, a
standard Taser probe, was placed on the abdominal surface at
a typical Taser separation, 54 cm caudal from the blunt probe.
Fig. 2 shows the relation between the blunt probe and the heart.
As a preliminary study indicated that the probe had to be closer
than 10 mm to cause VF, the initial insertion depth was to a
distance 12 mm from the surface of the heart. After each Taser
stimulation, the ECG was verified to check if the heart was beat-
ing normally. If the heart beating was normal, the dart-to-heart
distance where the Taser caused VF was decreased by 2 mm and
stimulation was applied again. The process continued until the
first VF occurred, after which the pig was immediately defibril-
lated. After the defibrillation, a 5-min recovery period returned
the pig to a homeostatic condition. The same experimental pro-
cedure was then applied at nearby site 2. Finally, a necropsy was
carried out on the thorax of the subject to record the stimulation
sites.

III. RESULTS

Five animals [pig mass = 61.16 kg ± 6.23 (SD)] were used
resulting in ten measurements of dart-to-heart distance for first
inducing VF, as summarized in Table I. The skin-to-heart dis-
tance of site 1 ranged from 42 to 51 mm with average 46.2 mm±
3.7 (SD), and the skin-to-heart distance of site 2 ranged from 45
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TABLE I
EXPERIMENTAL PARAMETERS AND RESULTS OF FIVE ANIMAL TESTS

to 57 mm with average 47.8 mm ± 5.2 (SD). The dart-to-heart
distance where the Taser caused VF of site 1 ranged from 4 to
8 mm with average 6.2 mm ± 1.79 (SD), and the dart-to-heart
distance where the Taser caused VF of site 2 ranged from 2 to
8 mm with average 5.4 mm ± 2.41 (SD). All animals remained
physiologically stable throughout the experimental procedures;
however, blood pressures were depressed after the first episode
of VF. The necropsy showed that all sites were on the right
ventricle.

IV. DISCUSSION

The five animal experiments yielded ten dart-to-heart dis-
tances where the Taser caused VF in anesthetized pigs for the
X26 Taser stimulation current and a probe modeling the Taser.
The basic result is that the average dart-to-heart distance where
the Taser first caused VF at site 1 was 6.2 mm± 1.79 (SD), which
is significantly different (Wilcoxon rank sum test, p-value =
0.0077) from our previous report [17 mm ± 6.48 (SD)] [7].
The reduction clearly indicates that the previous procedure in
which conductive gel filled the bluntly dissected pathway, sub-
stantially increased the distance at which VF could be induced,
presumably by reducing the resistance of the pathway from dart
to heart.

Roy et al. [8] suggested that the most sensitive region of the
heart for external stimulation is close to the midpoint of the right
ventricle. This region was under the third and fourth ribs above
the heart that was identical to our first stimulation site 1. We
compared the dart-to-heart distance where the Taser caused VF
for site 1 and site 2, between the fourth and fifth ribs, to see if
there was a significant change. The dart-to-heart distance where
the Taser caused VF at site 2 was slightly smaller 5.4 mm ±
2.41 (SD), but not significantly different (Wilcoxon rank sum
test, p-value = 0.67).

This is the fourth study known to the authors in which the
X26 Taser has been shown to be capable of inducing VF in a
pig. In addition to this and our previous report, Nanthakumar
et al. [9] placed subcutaneous darts parallel to the skin of pigs
and administered epinephrine as a continuous intravenous in-
fusion at a dose of 0.1–0.7 g/(kg·min) titrated to increase the
animal’s heart rate to a 50% increase from the baseline before
discharges. They obtained VF for 1 X26 discharge in 16 for
a dart-to-heart distance where the Taser caused VF of about
45 mm. Dennis et al. [10] exposed pigs to two prolonged 40 s
X26 discharges. They obtained VF for two out of six experi-

mental pigs for a dart-to-heart distance where the Taser caused
VF of about 45 mm. While [7], [9], and [10] all showed larger
dart-to-heart distance where the Taser caused VF in pigs, we
believe that the procedures used here to prepare the pig were
least disturbing of the four and hopefully most accurate.

As noted in the introduction, we believe that there is need
to balance measurements on isolated hearts of small animals
with measurements on live larger animals in order to further the
scientific debate on the issue. We also note that eight humans
out of 150 have skin-to-heart distances of 17 mm or less [7],
and thus, if a dart were to penetrate the full 9 mm at the most
sensitive location, would be within the range at which live pigs
experience VF in our study. This important and contentious area
is in need of further work to clarify the risks.
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