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ABSTRACT: Conducted electrical weapons (CEWs) such as the TASER� M- and X-series deliver short high-voltage, low-current energy pulses
to temporarily paralyze a person by causing electrical interruption of the body’s normal energy pulses. Despite many scientific publications, which
classify the health risks of an appropriate use of the TASER device as minor, there still is a continuous uncertainty about possible side effects with
human application. Based on a literature search of the National Library of Medicine’s MEDLINE database’s PubMed system of current publications,
the following article describes the mechanisms by which the device operates and discusses possible pathophysiological consequences. The majority
of current human literature has not found evidence of clinical relevant pathophysiological effects during and after an exposure of professionally
applied CEWs. However, to be able to exclude possible health risks, a medical checkup of people who have been exposed to CEWs is essential.
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Nonlethal weapons are weapons, devices, and ammunitions,
which are explicitly designed to immediately incapacitate oppo-
nents without significant or lasting injuries (1). Conducted electrical
weapons (CEWs), such as the TASER� device or products under
the Stinger� trademark, deliver short high-voltage, low-current
energy pulses to temporarily paralyze a person by causing electrical
interruption of the body’s normal energy pulses. After the applica-
tion, the opponent is fully recovered within a short time-period
without any long-term effects.

While CEWs have been used by the police force in the United
States and elsewhere since the mid-1970s, they were introduced to
the special forces of the German police not earlier than 2000. The
first report on TASER use in Germany was published by Bux et al.,
in which they pointed out possible physiological side effects (2).

With the proliferation of these nonlethal devices, such as the
TASER X26 or M26, new questions have arisen regarding their
safety. Amnesty International listed over 300 deaths, where CEWs
are declared as causal or contributory factor in the cause of death
(3), but in none of these cases, a causal connection between CEWs
and physiological changes could be proven beyond doubt.

The focus of this article is a comparative, methodologically anal-
ysis on the functioning and effectiveness of electronic control
devices and their possible pathophysiological effects on the human
body during and after application. The results are based on wide-
ranging literature analysis of the National Library of Medicine’s

MEDLINE database’s PubMed system of current publications,
source studies, and expert interviews.

Development of the TASER as an Example of CEW

The first long-distance CEWs were introduced by the company
TASER Int. The term ‘‘Taser’’ is an acronym from Thomas A. Swift
Electric Rifle, referring to the science fiction novel ‘‘Tom Swift and
His Electric Rifle’’ by the author V. Appleton 1911 (4,5). In the mid-
1960s, NASA aerospace physicist John H. Cover followed the idea
of stunning people with electricity, as described in his favorite novel.
He invented the first handheld, battery-powered ‘‘electric rifle,’’
which was released on the American market in April 1974 (6).

The main basis of the device is the continuous transmission of
short electrical pulses of low current and high voltage (Fig. 1)
causing transient paralysis.

In Germany, prior to changes in the weapons law in April 2009,
purchasing and possessing CEW devices were legal for those hold-
ing a weapon possession card. Since that date, CEW weapons have
been prohibited to the public.

Structure and Function of CEWs

Despite minor differences in pulse duration and electrical potential
(Table 1), the TASER X26 and M26 devices (Fig. 2) show no sig-
nificant divergence in the effect they have on application. The TA-
SER M- and X-series are based on the same electrophysiological
principles (7,8). In the following, the structure and function of elec-
tronic impulse devices will be illustrated based on the X26 model.

TASER and other CEWs are battery-powered electromuscular
incapacitation devices that propel two darts (electrodes) into the tar-
get with compressed gas propellant (nitrogen with a pressure of
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c. 125 bar). The darts (weight 1.75 g) have harpoon-like probes
and are being shot under a shooting angle of 8� and connected with
the device through high-voltage insulated, c. 0.5-mm-thick, and up
to 10.6-m-long steel core copper wires. The maximal firing distance
varies with the replaceable air cartridge and can be up to c. 10 m.

When hit, the darts penetrate the soft tissue of the target up to
2.5 cm, depending on the cartridge. A current flow is realized
between the electrodes, which can reach up to 9400 V and 2.4 mA,
depending on the ohmic resistor within the soft tissue of the target.

If the probes do not penetrate the body surface and become
lodged in light clothing, the distance to the final target is overcome
by a high-resistance arc of suspense, an open-circuit voltage of up
to 50,000 V. That voltage is never delivered into the body, so that
the target itself is only affected by a low-resistant pulse frequency.
To proof and reproduce the usage of electric control devices,
20–30 small, confetti-like matching identification tags are being
released, upon activation of the device.

The basic principle of CEW devices is to over-ride the command
and control system of the human body to immobilize the target (sub-
cutaneous electromuscular disruption) by applying high-voltage and
low-current electrical impulses with a duration of about 100 lsec. The
pseudomonophasic waveform delivered by the TASER (1) has an
electric charge of 100 lC (in compliance with c. 6 · 1014 electrodes)
and a repetition rate of 15–20 impulses per second (9).

The electric field created by the device does not directly activate
the muscle tissue but stimulates type A-a motoneurons, which then
continuously forward the impulse to the neuromuscular junction

terminal, initiating a tonic muscle contraction. Once activated, this
temporarily impairment of muscular control is independent of the
size or pain tolerance of the target.

The final effect of the CEW application correlates with the elec-
trophysiological characteristics of the current flow and therefore
depends on the localization and distance of the electrodes, the
clothing, and the physiological and psychological conditions of the
opponent (6). Initially, after terminating the application, the organ-
ism returns to its normal state, and electrophysiological long-term
effects are not to be expected (10).

Potential Health Risks Owing to the Use of CEW

The risk evaluation of the CEW devices is widely discussed in
the scientific literature. There are a number of cases, where these
devices have been associated with some sudden in-custody deaths
(3,11,12). In the majority of these cases, the usage of CEWs
involves multiple discharges of the weapon (13) or long-duration
applications (14). Because of insufficient documentation of the
police operation and a noticeable frequent occurrence of alternative
causes of death, such as intoxication, extreme agitation, or cardio-
vascular diseases, a direct correlation of causality could not yet be
proven beyond doubt (15).

There is a wide range of research work devoted to different health-
related subjects around CEWs, which give an insight into possible
pathophysiological changes during and after CEW application. Cer-
tain potential risk factors, such as acidosis and lack of effective respi-
ration, have been studied with anesthetized animals (16–19), but
could not be verified in humans (20,21). Because of the questionable
transferability of animal studies considering CEW research (22,23),
the main focus on this article lies on human studies.

Cardiovascular System

It is well known that direct electrical stimulation of the heart can
cause fatal cardiac arrhythmia and ventricular fibrillation (24). For
instance, household current, at a frequency of 50 Hz, has a thresh-
old value for causing ventricular fibrillation of c. 100 mA (25, p.
826). A possible deadly outcome hereby depends on the heart’s
state of agitation and the current applied.

In comparison, CEWs create relevant minor current and essentially
longer impulse duration (Table 1), which does not have a direct influ-
ence on the heart rhythm. Together with the anatomical separation
from the power source and the electrical shield function of the lungs
(9), the current flow follows the line of the least resistance, spreading
within the superficial tissue layers. Various human researches have
shown that CEWs appear to exhibit a reasonable degree of cardiac
safety with no potential of inducing ventricular fibrillation.

Ho et al. (26) performed a 24-h follow-up ECG study with 66
human subjects after a 5-sec application with the TASER X26. In
a similar study, vital signs before and after the application, ECGs,
and blood samples were analyzed on 53 volunteers after a 10-sec
application with the TASER X3 (27). In none of the tests, heart
arrhythmia or significant changes in blood levels of basic parame-
ters could be determined.

Muscular System

Creatine kinase is an intracellular muscle enzyme, which cataly-
ses the conversion of adenosine diphosphate within the muscular
system and can be used as a marker for mechanical and metabolic
muscle damages. In this context, it is questionable whether a maxi-
mal tension of the skeleton muscular system, as initiated by CEWs,

TABLE 1—Electrical characteristics of the TASER X26 and M26.

Type

Pulse
Duration

(ls)

Transmitted
Charge

(lC)

Energy per
Impulse

(J)

Voltage—Peak
Main

Phase (V)
Current
(mA)

X26 (7) 105–155 80–125 0.095–0.125 1400–2520 1.5–2.4
M26 (8) 32–60 70–120 0.69–1.05 6900–9400 1.4–2.4

FIG. 2—Electronic control device TASER X26 and M26.

FIG. 1—Impulse of the TASER X26.
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can lead to muscle cell damages and eventually causes an increase
in creatine kinase. In the clinical treatment, the concentration of
creatine kinase is used as an indicator for rhabdomyolysis. In the
literature, different cut-off concentrations, where a medical inter-
vention is absolutely essential, are given, varying from 5000 U ⁄ L
(28) up till 75,000 U ⁄L (29).

Even though the medical literature on this subject is rather
sparse, there are a few cases where the effect of modern electronic
control devices on potential muscle injury is described. In an article
by Sanford et al. (30), the probability of a TASER-related increase
in creatine kinase with the potential risk of acute renal failure as
one of the possible complications of rhabdomyolysis is discussed.
In this case study, two opponents are described on which CEW
devices were applied during a police investigation and who devel-
oped symptoms of rhabdomyolysis afterward. They reached crea-
tine kinase levels of 3166 and 8086 U ⁄L. One of them was under
the influence of cocaine and the other one has been shot with the
device after an excessive physical confrontation with the police. As
described by a retrospective study of Sinert et al. (31), extreme
physical exertion alone can also be the reason for critical creatine
kinase levels between 700 and 165,000 U ⁄ L. In a recent human
volunteer evaluation by Dawes et al. (32), a correlation between
electrical control devices and an increase in creatine kinase of up
to 1456 U ⁄L was noticed, but none of the 156 participants showed
any clinical features.

In conclusion, it can be said that electronic control device expo-
sure can lead to modest increase in creatine kinase without a risk
of developing rhabdomyolysis.

Neuroendocrine System

Because the exposure to CEWs is an extreme situation for the
human organism, it is important to be able to exclude possible dan-
gerous neuroendocrine effects. The sympathetic–adrenal–medulla
axis and the hypothalamic–pituitary–adrenal axis are the two main
mechanisms for stress-related interactions controlling a complex set
of hormonal influences and physical reactions. The human stress
response initiates so-called fight-or-flight hormones like catechol-
amines (adrenaline, noradrenaline, dopamine), which have ergotrop-
ic effects on the body such as an increase in heart contraction and
metabolism. In cases of intense physical strain, especially, they can
lead to an up to 50-fold increase in hormones with correlating pres-
sure on the cardiopulmonary system (33).

Ho et al. (34) and Dawes et al. (35) performed a study on 53
and 60 volunteers to examine the differential stress response
between a TASER application and extreme physical challenge (e.g.,
150 m sprint, 45 sec kick-box-training, etc.). Both analyses have
shown a relationship between TASER exposure and an increase in
stress hormones. But compared to the commonly employed uses of
force, the examined literature asserts that an application of CEWs
can function as a stressor and therefore influence the human stress
response, but only to a degree where no important changes in vital
signs are to be expected.

Mechanical Injuries

An application of CEWs can leave purely mechanical injuries
caused by the penetrating darts. When being shot by the TASER
device, two darts penetrate the skin a few millimeters and are fix-
ated by an c. 5-mm-long harpoon-like probe (Fig. 3). The resulting
injury pattern is a central puncture wound surrounded by an ery-
thematous circular lesion of 2–5 mm (Fig. 4a). In addition, the
application of electrical energy to the surrounding tissue can result
in minor localized burns, especially if the dart has not fully pene-
trated the skin and lies on its surface (Fig. 4b). The darts should
only be removed by medical staff, and the resulting skin lesions
should be examined. In situations, where the dart has penetrated
vulnerable areas, such as the eye, the genital area, the neck, throat,FIG. 3—Penetrated dart of the TASER X26.

FIG. 4—Mechanical (a) and electrical (b) skin lesions after TASER application.
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or vascular structure, the electrodes should not be removed on site,
but under medical supervision in an operating room at a hospital.

Ideally, the recommended point of aim is the lower center of
mass. On incorrect application, head injuries cannot be excluded. If
there are any indications of cranial penetration, appropriate imaging
and neurosurgical consultation are essential.

Ophthalmic injuries, especially, bear the risk of permanent dam-
ages and therefore require special considerations in managing
patients (36). In these cases, it is more the mechanical injury than
the tissue wound from the electrical current, which determines the
degree of damage.

Most of the records on TASER show that a person who has
been hit with the device falls uncontrollably to the ground. Depend-
ing on the position of the target, the characteristics of the ground
surface, and surroundings, an unintentional fall can lead to severe
injuries. As forensic experience shows an undamped fall on a hard
surface can reach the tolerance threshold for skull fractures (37),
which increases the risk of possible intracranial bleedings with a
correlating fatal outcome. For that reason, a neurological examina-
tion of the person in question is indicated.

Conclusion

The majority of current scientific research has not found evidence
of clinical relevant pathophysiological effects during and after an
exposure of professionally applied CEWs on a healthy subject.

However, to be able to exclude possible health risks, a medical
checkup of people who have been exposed to CEWs is essential.
All subjects should undergo cardiac examination with control of
common cardiovascular parameters, a complete blood count, and a
neurological observation. In the event of possible TASER-related
deaths, a forensic autopsy is unavoidable. Furthermore, all potential
associated factors must be analyzed to be able to confirm or dis-
prove a true causal relationship.
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