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Human Health Risks of Conducted Electrical Weapon Exposure
A Systematic Review
Christos Baliatsas, PhD; Jenny Gerbecks, MSc; Michel L. A. Dückers, PD, PhD; C. Joris Yzermans, PhD

Abstract

IMPORTANCE Conducted electrical weapons (CEWs) are used broadly as a less-lethal force option
for police officers. However, there is no clear picture of the possible health risks in humans on the
basis of rigorously assessed scientific evidence from the international peer-reviewed literature.

OBJECTIVE To synthesize and systematically evaluate the strength of published evidence for an
association between exposure to different models of CEWs and adverse acute as well as chronic
conditions.

EVIDENCE REVIEW Following a preregistered review protocol, the literature search strategy was
based on a search of reviews published between January 1, 2000, and April 24, 2020, of PubMed,
MEDLINE, EMBASE, Web of Science, PsycINFO, and Cochrane Library, as well as relevant online
databases and bibliographic sources, such as reference sections of recent publications. The identified
studies were independently assessed in terms of scope, relevance, methodologic bias, and quality.
Peer-reviewed publications of human studies were included, using original data and with a focus on
the use of taser CEWs in the context of law enforcement. Eligible studies examined clearly defined
health outcomes as dependent variables following exposure to a CEW. The review followed the
relevant sections of the Preferred Reporting Items for Systematic Reviews and Meta-analyses
reporting guideline. A meta-analysis could not be conducted.

FINDINGS Of the 1081 unique records screened, 33 relevant studies were identified, all of them of
experimental design and conducted in the US. Eleven studies had a low risk of bias and 22 had a
higher bias risk. Studies focused on outcomes such as physiologic stress responses, heart rate, blood
pressure, arrhythmias, or cognitive performance. Independently of bias risk, the studies reported
few or no acute health problems, apart from the wounds caused by the darts. Furthermore, no long-
term outcomes were studied. Most of the studies were performed on healthy, physically fit
individuals (eg, police officers) in a controlled setting, with short exposure duration (5 seconds). Half
of the studies, mainly those with a higher risk of bias, were at least partly funded by the
manufacturer.

CONCLUSIONS AND RELEVANCE Based on the findings of the reviewed studies, the risk for
adverse health outcomes due to CEW exposure can be currently estimated as low. However, most of
the reviewed studies had methodologic limitations. Considering that recruited participants were not
representative of the population that usually encounters a CEW deployment, it is not possible to
draw conclusions regarding exposure outcomes in potentially vulnerable populations or high-risk
groups, such as those under the influence of substances.
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Introduction

Given that police personnel must regularly deal with dangerous and often life-threatening situations,
availability of appropriate equipment is important. The use of firearms comes with risks for the
offenders as well as the police officers and in some cases for bystanders. In recent years, there has
been a shift to alternative, less-lethal law enforcement options, such as conducted electrical
weapons (CEWs), pepper spray, and batons. In this article, the focus is on the taser, a type of CEW.1

Over the past 2 decades, the taser CEW has been considered a means of law enforcement and
especially self-defense during encounters with aggressive or violent individuals, particularly those
who may not respond to alternatives to the use of force.2,3 The term taser (Thomas A. Swift
electronic rifle) refers to a specific type of CEW, produced by Axon Enterprise Inc (formerly TASER
International Inc).1,4 The taser CEW was developed in the US and is currently, as in many other
countries, part of basic police equipment.4,5 Several types of taser CEWs exist (eTable 1 in the
Supplement) as do different deployment methods. Such CEWs can be used in 2 ways: either by firing
a barbed dart or by using the stun mode. The first option produces an electric current that causes
muscle contraction, leading to a temporary incapacitation of the victim, and the second option
provokes physical discomfort/pain.1,4,5

Currently, CEWs are used broadly as a less-lethal force option for police, but their use has been
controversial from the early stages of production and their safety has been a subject of debate in
both the media6,7 and scientific community.8 Despite the increasing availability of CEWs within the
police force internationally, there is no clear picture of possible adverse health outcomes on the basis
of rigorously assessed scientific evidence. Axon Enterprise Inc has published guidelines regarding
taser CEW use,9 suggesting that exposure is safe for healthy people who are not under the influence
of substances, are not pregnant, are not children or older individuals, and have no psychiatric
disorders, and if the exposure lasts no longer than a few seconds and only in certain parts of the body.
However, to date, most of the existing literature has focused on the technical aspects of CEWs,
anecdotal or non–peer-reviewed reports, or animal studies.

To our knowledge, scientific evidence from the international peer-reviewed literature on the
potential health effects of exposure to CEWs in humans has not been systematically reviewed
following rigorous and replicable methods. Our systematic review aimed to fill this gap in the
literature by identifying relevant studies conducted in the past 20 years to synthesize and
systematically assess the strength of evidence for an association between exposure to different
models of taser CEWs and acute as well as chronic adverse conditions. In addition, this review
examined whether any possible risk groups can be distinguished based on the current evidence.

Methods

Primary Search Strategy
This study followed the relevant sections of the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) reporting guideline for systematic reviews.10 The study methodology
protocol has been preregistered in the PROSPERO platform.11 A meta-analysis was not conducted
because of high heterogeneity among the studies.

A wide range of relevant search terms regarding exposure to CEWs was used to form the search
strategy (eg, taser, Axon, electrical weapon, and electric shock weapon). Before the definitive strategy
and search term selection were developed, a pilot search was conducted on PubMed and MEDLINE
where the number and applicability of various search terms were tested. The detailed search per
main database is included in eAppendix 6 in the Supplement. As a first step, we made an inventory
of key publications, such as reviews, based on a pilot search on PubMed and MEDLINE. Second, we
developed our literature research strategy protocol on the basis of relevant search terms from the
identified articles and exchange of feedback within the project team. The search strategy was based
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on an extensive literature search in the following major databases: PubMed, including all records of
MEDLINE; Web of Science; PsycINFO; EMBASE; and Cochrane Central Register of Controlled Trials.

In addition, a basic search was conducted using the following relevant online databases:
ClinicalTrials.gov register, European Union (EU) Clinical Trials register, US National Institute of Justice
database, and the CEPOL (EU Agency for Law Enforcement Training) database. Furthermore, the
reference sections of several articles were screened to check whether any relevant studies were
missed in the primary and additional searches.

Selection Criteria
Several major inclusion and exclusion criteria were established a priori. Studies were included by 3 of
us (C.B., J.G., and C.J.Y.) if the following criteria were met: published or accepted for publication
between January 1, 2000, and April 24, 2020; primary scientific studies including original data;
published in English, Dutch, French, German, or Spanish; published in peer-reviewed journals; had
explicit focus on the use of taser CEWs in the context of law enforcement; assessed clearly defined
(self-reported or physician-diagnosed/objectively assessed) health symptoms and conditions, health
status or symptom scores, and/or physiologic measures as dependent variables; included only
humans; and focused on CEWs as the exposure source (only models from taser and Axon Enterprise
Inc, in particular, M26, X26[P], X3, X2, XREP, and/or more recent models). Studies focusing on
equipment/devices that did not fall within this classification, such as stun guns, batons/prods, and
belts, were excluded.

There was no restriction in terms of demographic characteristics or investigated health
outcomes. Purely descriptive studies in which no clear exposure-outcome associations were tested,
reviews, and case studies were excluded. Additional details are presented in eTable 2 in the
Supplement.

Assessment
Given that the risk of methodologic bias and study and reporting quality are not synonymous,12 both
the risk of bias and general study quality were independently assessed by 2 of us (C.B. and J.G.). After
consensus and pilot testing within the research team, a modified version of the AXIS (Appraisal tool
for Cross-Sectional Studies) quality assessment tool13,14 was used so as to be applicable to different
study designs15 (eAppendix 1 in the Supplement).

Bias risk was based on 3 items of the AXIS tool related to 3 fundamental methodologic aspects:
statistical power, sampling, and statistical methods and replicability (numbers 3 [Was the sample size
justified?], 4 [Was the target population clearly defined with appropriate population base/unbiased
sampling?], and 6 [Were methods, including statistical methods, sufficiently described to enable
them to be repeated?]). A study was classified as having a high risk of bias if it scored 0 on at least 2
of those 3 items. For the studies with a lower risk of bias, hierarchy of evidence based on study design
was also documented following the Quality Rating Scheme for Studies and Other Evidence16: a
modified classification was applied as follows: higher evidence quality (properly conducted
randomized clinical trials, controlled trials without randomization, or prospective, comparative
cohort trials) and lower evidence quality (nonrandomized, uncontrolled experimental studies or
observational studies).

Regarding general study quality, a score was generated based on all items of the modified AXIS
tool (maximum score, 10, 11, or 12, depending on the study design) and divided into 3 categories:
low, moderate, and high. The involvement of sponsors was evaluated separately by documenting the
funding source for each of the included studies. Assessment of risk of bias and study quality was
performed a posteriori and was not a prerequisite for considering a study as eligible for the review.

Procedure
During the first phase of the screening, duplicate records from the pool of identified studies were
excluded. The members of the project team independently screened the titles and abstracts of the

JAMA Network Open | Public Health Human Health Risks of Conducted Electrical Weapon Exposure

JAMA Network Open. 2021;4(2):e2037209. doi:10.1001/jamanetworkopen.2020.37209 (Reprinted) February 12, 2021 3/14

Downloaded From: https://jamanetwork.com/ on 02/15/2021

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.37209&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.37209
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2020.37209&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2020.37209


identified studies using the selection protocol formed on the basis of the aforementioned broader
inclusion and exclusion criteria. Studies that clearly did not meet the inclusion criteria at this stage of
the screening process were excluded. Possible eligible studies underwent a full-text assessment.

During the second phase of the screening, the potentially relevant studies were assessed by 2
of us (C.B. and J.G.). Discrepancies in terms of scope or relevance of a particular article during the
screening were resolved by the involvement of a third reader (C.J.Y.) and discussion among the
project team members until consensus was reached. For a third of the studies screened for relevance
by both researchers, interrater reliability was calculated based on Cohen κ assessment for binary
assessments.17,18 The value of the Cohen κ indicated good agreement (87%, κ = 0.75).

In the third phase, bias evaluation and general quality assessment were carried out
independently by 2 of us (C.B. and J.G.) for all relevant studies, with raters being blind to each other's
assessment. Interrater reliability was good (good agreement at 88%, κ = 0.75) and discrepancies
between assessments were resolved by the involvement of a third researcher (C.J.Y.). Regarding
general quality assessment, interrater reliability was evaluated for a third of all included studies,
reaching agreement in all classifications after discussion about minor differences in assessments.

The selection process was documented in a PRISMA flowchart.10 For the extraction of data, we
used a form that was tested on a selection of 10 relevant studies. After agreement was reached on
the form, the data were extracted, coded, and imported into tables and the accuracy of the
extraction was checked. Differences in assessment or interpretation were resolved through
consultation among us. The following characteristics were extracted for each study: authors of the
article, year of publication, country in which the study was conducted, CEW model and exposure
duration, sample size and type, study design, general study quality, main findings, and
funding source.

Results

Literature Search and Study Characteristics
The PRISMA flowchart (Figure) shows the literature search process. Of the 1081 unique records
screened, 362 potentially relevant studies underwent full-text assessment, and 329 studies were
excluded. During this stage of the search, we identified and documented 16 solely descriptive studies
on the topic (eAppendix 2 in the Supplement), 60 case studies (eAppendix 3 in the Supplement),
and 30 review or overview papers (eAppendix 4 in the Supplement). As a result of this process, 33
research articles from the peer-reviewed literature were included in this review.

Most of the studies (n = 29) were nonrandomized trials (namely provocation studies with or
without a control group), while 4 were randomized clinical trials. Most of the studies (26 [79%]) were
conducted in the US and focused on the taser X26 as the exposure source. Twenty-seven studies
reported that they involved law enforcement officers as participants, sometimes together with
medical personnel or civilians (taser CEW trainees), and 19 studies (58%) recruited less than 30
participants. In 30 studies (91%), the maximum exposure duration to the CEW current was 15
seconds (up to 5 seconds in 19 studies), and the darts were often replaced by sprung metal clips
(alligator clips). In one study the duration reached 30 seconds. Most of the investigated outcomes
concerned physiologic measures of different aspects of the person’s psychophysiologic state, such as
heart rate, blood pressure, cognitive skills, and conditions such as cardiac arrhythmias and acidosis.

In terms of general quality assessment, 6 studies (18%) scored high, 25 (76%) had a moderate
score, and 2 (6%) had a low score. Eleven studies were assessed as having a low risk of bias regarding
statistical power, sampling, and statistical methods and replicability. The design of 4 of those studies
(12%) referred to a higher quality of evidence (randomized clinical trial and controlled studies).
Seventeen studies were at least partly funded by the manufacturer (Axon Enterprises Inc). In 4
studies the funding source was not reported. In addition, the sample sizes of studies receiving
funding from the CEW manufacturer appeared to be consistently lower.
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Association Between CEW Exposure and Outcomes
Independently of the general quality of the included studies, findings were categorized based on the
possible risk of methodologic bias (Table 119-29 and Table 230-51). Table 1 presents information on the
11 included studies that were found to have a lower possible risk of bias. These studies generally
showed few or no acute health outcomes other than superficial wounds caused by the darts in some
cases. Except for sporadically observed increases in blood pressure, no significant changes occurred
in heart rhythm and physiologic stressors, such as markers of acidosis, following prolonged exposure.
Two studies assessing cognitive skills showed contradictory findings.29,36 The study with the smallest
sample (n = 4) looked at possible adverse outcomes associated with CEW exposure on people with
a pacemaker and reported no significant alterations in heart rate or blood pressure, or any
interference with the implanted device.24

Assessment of the 22 studies with a higher risk of bias also did not yield consistent associations
(Table 2). Thirteen of these studies were financed by Axon Enterprise Inc. Exposure duration was,
on average, somewhat higher compared with that in the studies with a lower bias risk. In one study,44

exposure reached 30 seconds, and the investigators reported that prolonged exposure to CEWs was
associated with mild lactic acidosis. Some other findings suggested small increases in blood pressure
and heart rate with CEW exposure, as well as in creatine kinase levels, but no significant changes in

Figure. Flowchart Illustrating the Study Selection Process
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troponin levels, body temperature, respiratory rate, and metabolic effects were observed, even after
alcohol consumption. When exposure to CEWs was compared with exposure to other types of police
intervention (eg, pepper spray and a police dog search and attack exercise), neurocognitive ability
was reduced for a maximum duration of 1 hour for all exposed groups, but group measures did not
differ statistically significantly from each other.

Most industry-funded studies, as well as those funded by other sources, showed no statistically
significant findings. Among the 17 studies that reported receiving funding from the manufacturer, 5
reported changes in the examined physiologic measurements that were generally described as mild,
and 1 study reported more serious effects in 1 participant after exposure to an experimental device
that was later not approved for use. Regarding the studies reporting another funding source, 6
mentioned statistically significant changes in some of the physiologic response levels, with 4 studies
stating that the measures shortly returned to baseline. Three additional studies reported some
statistically significant changes as well, but those were considered as not being clinically relevant or
significant.

Discussion

This systematic review identified and assessed evidence in the peer-reviewed literature during the
past 20 years of the possible human health risks to individuals exposed to a taser CEW in the law

Table 1. Results of Included Studies With a Lower Risk of Bias

Source

CEW model,
exposure
duration Sample (No.) Study design

General study
quality Main findings Funding source

Vilke et al,19

2007, US
X26, 5 s Law

enforcement
officers (32)

Nonrandomized
trial (no control
group)

High CEW exposure was not associated with clinically significant
changes in physiologic stress. All changes in physiologic
measurements returned to baseline levels within 30 min.

National Institute of
Justice

Vilke et al,20

2008, US
X26, 1-5 s Law

enforcement
officers (32)

Nonrandomized
trial (no control
group)

Moderate There were no clinically significant changes in pre- and
postmeasurement ECGs. No cardiac dysrhythmias or
interval or morphologic changes were found.

Not reported

Vilke et al,21

2009, US
X26, 5 s Law

enforcement
officers (25)

Nonrandomized
trial (including a
control comparison)

Moderate CEW exposure after vigorous exercise was not associated
with clinically significant changes in ventilator or blood
parameters of physiologic stress.

National Institute of
Justice

VanMeenen
et al,22

2010, US

X26, 5, 4, 3
or 2 s

Law
enforcement
trainees (118)

Nonrandomized
trial (no control
group)

High There was no evidence of an association between CEW
exposure and direct injury to cardiac or skeletal muscle
tissue.

National Institute of
Justice

Kane and
White,23

2016, US

Not reported Adult students
(73)

Randomized clinical
trial

High CEW exposure led to (short) reductions (<60 min) in verbal
learning ability and memory.

National Institute of
Justice

Stopyra et al,24

2017, US
X26, 5 s Patients with a

pacemaker or
ICD (4)

Provocation (pilot)
study, no control
group

Moderate No CEW-associated dysrhythmias were observed; however,
all ICD devices interpreted the cyclical CEW discharge as
ventricular tachycardia, but no shock therapy was given
due to cessation of the tachycardia sensing after 5 s.

National Institute of
Justice

Kroll et al,25

2018, US
X26, 5 s Law

enforcement
officers (31)

Nonrandomized
trial (no control
group)

High No significant increase in serum serotonin levels was
associated with exposure, indicating no increased risk for
CEW-induced excited delirium.

US Joint Non-Lethal
Weapons Program

Ho et al,26

2009, US
X26, 15 s Law

enforcement
officers and
medical
personnel (38)

Nonrandomized
trial (no control
group)

Moderate Prolonged CEW exposure on physically exhausted humans
was not associated with changes in acidosis, hyperkalemia,
or cardiac injury.

Axon Enterprise Inc

Ho et al,27

2010, US
X26, 10 s Law

enforcement
officers (12)

Nonrandomized
trial (with a control
group)

Moderate CEW exposure was not associated with acidosis. Smaller
changes in markers of acidosis were observed during
exposure vs control conditions, such as physical resistance/
activity tasks.

Axon Enterprise Inc

Ho et al,28

2011, US
X26, 15 s Law

enforcement
officers and
medical
personnel (25)

Nonrandomized
trial (no control
group)

Moderate Prolonged duration of CEW exposure in exhausted humans
was not associated with detectable changes in ECGs.

Axon Enterprise Inc

Dawes et al,29

2018, US
X2, 5 s Law

enforcement
officers and
citizens (24)

Nonrandomized
trial (with a control
group)

Moderate No significant neurocognitive performance decrements
were observed after CEW exposure.

Axon Enterprise Inc

Abbreviations: CEW, conducted electrical weapon; ECG, electrocardiogram; ICD, implantable cardioverter defibrillator.
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Table 2. Results of Included Studies With a Higher Risk of Bias

Source

CEW model,
exposure
duration

Sample type
(No.) Study design

General study
quality Main findings Funding source

Levine et al,30

2007, US
X26, 3 s (on
average)

Police
officers (105)

Nonrandomized trial
(no control group)

Moderate CEW exposure was associated with a significant increase in
heart rate, but no other cardiac rhythm disturbances or
morphologic changes were detected except for in a few
participants who appeared to have changes in their ECGs;
the significance of the changes was unclear.

Not reported

Dawes et al,31

2008, US
X26, 15 s Law

enforcement
officers (21)

Nonrandomized trial
(with a control group)

Low CEW exposure was not associated with changes in core body
temperature in resting, nonenvironmentally stressed
adults.

Not reported

Ho et al,32

2008, US
X26, 10 s Law

enforcement
officers (34)

Nonrandomized trial
(no control group)

Moderate CEW exposure was not associated with clinically relevant
tachyarrhythmias.

Not reported

Sloane et al,33

2008, US
X26, 4.4 s (on
average)

Law
enforcement
officers (66)

Nonrandomized trial
(no control group)

Moderate No abnormal serum troponin I levels were observed 6 h
after exposure, suggesting no associated cardiac injuries.

Biosite Inc

Bozeman et al,34

2009, US
X26, 5, 3, and
1 s

Law
enforcement
officers (28)

Nonrandomized trial
(no control group)

Moderate CEW exposure was not associated with detectable
dysrhythmias; small increases in heart rate and systolic
blood pressure were observed.

Department of
Emergency Medicine

VanMeenen
et al,35

2013, US

X26, 5 s Law
enforcement
trainees (23)

Nonrandomized trial
(no control group)

Moderate Cessation of normal breathing patterns (decrease in
inspiratory activity) was observed during exposure. Normal
breathing resumed after cessation of the exposure. There
was no evidence of cardiac rhythm disruption.

National Institute of
Justice

White et al,36

2014, US
X26, duration
not reported

Police
officers (21)

Nonrandomized trial
(no control group)

Moderate CEW exposure was associated with significant reductions in
cognitive functioning.

National Institute of
Justice

Havranek
et al,37 2015,
Czech Republic

X26, 5 s Volunteers,
type unclear
(26)

Nonrandomized trial
(no control group)

Moderate CEW exposure was not associated with any clinically
relevant ECG changes except for significant increase in
heart rate in most participants.

Charles University,
Prague

Gibbons et al,38

2017, US
X26, 5 s US Air Force

personnel
(24)

Nonrandomized trial
(no control group)

High CEW exposure was followed by significant changes in ECGs,
suggesting a risk of ventricular tachycardia.

US Air Force

Ho et al,39

2006, US
X26, 5 s Taser CEW

trainees (66)
Nonrandomized trial
(no control group)

High In a resting state, CEW exposure was not associated with
significant changes in physiologic measures that could
indicate dysrhythmias, cellular damage, hyperkalemia, or
acidosis.

Axon Enterprise Inc

Ho et al,40

2007, US
X26, 15 s or 3
times, each for
5 s

Law
enforcement
officers (52)

Nonrandomized trial
(no control group)

Moderate Prolonged (continuous or intermittent) CEW exposure was
not associated with significant changes in respiratory
parameters.

Axon Enterprise Inc

Dawes et al,41

2009, US
X26, 5 s Police

officers (16)
Randomized clinical
trial

Moderate A 5-s CEW exposure did not induce a stronger physiologic
stress response vs a 5-s exposure to oleoresin capsicum, a
45-s exposure of the hand and forearm in a 0 °C cold water
tank, or a 1-min defensive tactics drill.

Axon Enterprise Inc

Ho et al,42

2009, US
X26, 15 s Taser CEW

trainees (40)
Randomized clinical
trial

Moderate The group that was only exposed to CEWs showed higher pH
and lower lactate values than those who completed the
exertion protocol only. There were no significant
differences between the groups in combination CEW
exposure and exertion and exertion followed by continued
exertion.

Axon Enterprise Inc

Dawes et al,43

2010, US
X26, 5 s Law

enforcement
officers (10)

Nonrandomized trial
(no control group)

Moderate CEW exposure did not electrically capture the human heart
muscle when used with probe deployment.

Axon Enterprise Inc

Dawes et al,44

2010, US
C2*, 30 s Law

enforcement
officers (11)

Nonrandomized trial
(no control group)

Moderate CEW exposure was associated with mild lactic acidosis; no
other important physiologic effects were found.

Axon Enterprise Inc

Dawes et al,45

2010, US
Taser
shockwave, 5 s
(2-3 times)

Law
enforcement
officers and
taser CEW
trainees (16)

Nonrandomized trial
(no control group)

Moderate CEW exposure was associated with mild increases in
creatine kinase and lactate levels; a nonsignificant trend
toward reduced respiratory volume was observed. ECGs did
not show any effects.

Axon Enterprise Inc

Moscati et al,46

2010, US
X26, 15 s Law

enforcement
officers and
medical
personnel
(22)

Nonrandomized trial
(no control group)

Moderate Prolonged, continuous CEW exposure of resting adults with
acute alcohol intoxication was not associated with clinically
significant changes in markers of metabolic acidosis.

Axon Enterprise Inc

Dawes et al,47

2011, US
X3, 10 s Law

enforcement
officers and
prison
officers (56)

Nonrandomized trial
(no control group)

Low A higher number of probes deployed during exposure was
associated with higher levels of creatine kinase. There were
no significant changes in other vital signs.

Axon Enterprise Inc

(continued)
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enforcement context. With the search strategies used, our established a priori–defined inclusion
criteria, and consideration of the methodologic soundness of the included studies, we identified 33
eligible studies. All studies were of experimental design and focused on outcomes such as physiologic
stress responses, heart rate, blood pressure, arrhythmias, blood acidity, or cognitive performance.

Most of the studies suggested either no significant association between CEW exposure and
adverse health outcomes or reported contradictory findings. Exposure to the electrical current of a
CEW does not seem to be associated with serious health problems, especially when maximum
duration ranges between 5 and 15 seconds. The risk for adverse health outcomes associated with
CEW exposure can therefore be estimated as low. However, most studies on the topic had
methodologic limitations; 22 of 33 studies had a higher risk of methodologic bias, particularly
regarding sample size and selection. Nevertheless, both studies with a lower and a higher risk of bias
showed in general no significant associations between exposure and the examined measures. In this
review, an additional distinction was made based on the funding source of each study. From our
assessment it was not apparent that the results of the Axon Enterprise Inc–financed studies were
substantially more likely to suggest that CEW exposure is less harmful, compared with studies that
were financed by other sources, as suggested by Azadani et al.52 However, the latter study had a
different scope and approach and focused on the broader literature on the effects of electrical
weapons, including animal studies. Nevertheless, a consistent difference we observed was that the
Axon Enterprise Inc–sponsored studies seemed to analyze small sample sizes more frequently.

Representativeness of the study population and generalizability of the existing evidence
constitute major limitations of the current body of literature on the topic. Most studies exclusively
relied on law enforcement officers as the study population, meaning that recruited participants were
generally healthy and physically fit and therefore not representative of the population that would
usually encounter a CEW deployment. In several cases, a reward was promised (eg, a CEW for
personal use) as an incentive to participate. It is therefore questionable whether the existing
evidence constitutes a good representation of real-life field situations, since it is not possible to draw
solid conclusions regarding exposure effects in potentially vulnerable populations or high-risk
groups, such as pregnant women, people with psychiatric problems, or those under the influence of
substances. The only studies introducing potential vulnerability factors, such as physical exhaustion
and alcohol consumption, suggested no clinically significant associations.42,46,48 Taking the current
findings into account, the health warning issued by Axon Enterprise Inc9 regarding vulnerable groups

Table 2. Results of Included Studies With a Higher Risk of Bias (continued)

Source

CEW model,
exposure
duration

Sample type
(No.) Study design

General study
quality Main findings Funding source

Ho et al,48

2011, US
NCGEW, 10 s Law

enforcement
officers,
prison
officers, and
taser CEW
trainees (45)

Nonrandomized trial
(no control group)

Moderate Exposure to NGCEW1 was associated with cardiac capture
in one participant and the product was not approved for
public use. Exposure to a modified version (NGCEW2) was
not associated with any significant health effects.

Axon Enterprise Inc

Ho et al,49

2013, US
X26,
5 s

Law
enforcement
officers and
prison
officers (8)

Randomized clinical
trial

Moderate Effects on markers of acidosis and stress following CEW
exposure were comparable (equal or smaller) to an 18 m
sprint.

Axon Enterprise Inc

Dawes et al,50

2014, US
X26,
5 s

Law
enforcement
officers and
prison
officers (13)

Nonrandomized trial
(with a control group)

Moderate CEW exposure was associated with a decline in
neurocognitive functioning. These effects were transient,
of questionable clinical significance, and returned to
baseline after 1 h.

Axon Enterprise Inc

Ho et al,51

2014, US
X2,
10 s

Law
enforcement
officers and
prison
officers (10)

Nonrandomized trial
(no control group)

Moderate No associations between CEW exposure and changes in
physiologic measurements were observed, based on various
measured parameters (cardiac, respiratory, venous pH,
electrolytes, and creatine kinase).

Axon Enterprise Inc

Abbreviations: CEW, conducted electrical weapon; ECG, electrocardiogram.
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cannot be substantiated on the basis of existing human studies. However, that lack of evidence does
not mean that the possibility of adverse health outcomes should be ignored, given that research
evidence on the dose-response effects among potential high risk groups is, to our knowledge,
nonexistent and not feasible owing to ethical restrictions.

Lack of generalizability seems to be a major shortcoming in even more aspects. For instance, in
European countries, such as the Netherlands, the taser X2 is being used, however, in most of the
reviewed studies, only the possible effects of the taser X26 were examined.53 This limited variation
in the models reviewed also makes it difficult to differentiate health responses by taser CEW model
or maximum exposure duration thresholds on the basis of the included studies. Furthermore, almost
all of the reviewed studies were conducted in the US, a country with legal, cultural, and systemic
differences compared with Western Europe, and it is unclear whether these findings are applicable
to the situation in other countries.

Heterogeneity in examined health outcomes, definitions, and methodologic aspects makes it
difficult to directly compare some of the results of the relevant literature. For example, some studies
consider the wounds caused by the barbs of the CEW as injury, while other studies do not. In
addition, all reviewed studies focused on physiologic measures/stressors (eg, levels of lactate, pH,
blood pressure, and creatine kinase levels), despite the unclear clinical relevance and lack of a broadly
accepted hypothesis behind the choice to investigate these outcomes, but research on symptoms
(eg, headache, dizziness, and sleep problems) and pain reaction is scarce. Investigation of such
stressors could probably provide some information regarding the occurrence of an extreme state,
often referred to as excited delirium,54 which does not have a formal diagnosis.55

Amnesty International as well as Reuters news agency6,7 have pointed out the possible dangers
associated with CEWs for vulnerable groups. Reuters has created a database with possible deaths
due to CEW use mostly in the US based on media reports, self-report by the operator of the CEW,
and, in a minority of cases, an autopsy report.7 In 163 of these cases, the autopsy report confirmed
that CEW was the cause of death or one of the contributing factors.56 In many cases death occurred
in people who were under the influence of drugs.56 In the literature, exposure to CEWs has rarely
been documented as the sole cause of death; in several articles, a CEW was reported as a possible
contributing factor in a number of mortality cases, when long-term and/or repetitive exposure was
combined with drug use or cardiovascular disease (eAppendix 5 in the Supplement). Based on the
current literature, it is not possible to state that there is a direct negative effect of CEW exposure on
the health of vulnerable groups; at the same time, it has not been scientifically substantiated that
use of a CEW on these groups is safe. The responsibility for the safe use of a CEW lies with the police
officer who uses it and is well trained in all aspects of its use. To consider the extensive use of CEWs
in law enforcement, it is crucial to look at both the advantages and disadvantages compared with the
use of other weapons or police equipment. The use of firearms can often become lethal, while a CEW
may possibly serve as a less-lethal substitute, minimizing physical violence while allowing a relatively
secure distance from the possible perpetrator or threat. The use of batons and pepper spray is
another alternative; however, there is possible risk associated with their use.57,58

There is in general little evidence on the risk of injuries associated with the stun mode. Studies
tend to use alligator clips on the clothes during provocation tests instead of barbed darts shot into
the skin or deeper into the body, given that purposefully putting the participants at risk of physical
injury is not applicable and is not ethically acceptable. It is also difficult to estimate the actual risk of
this type of injury in real-life conditions. Based on descriptive studies (eAppendix 2 in the
Supplement), an estimate can be made of the risk of injury. According to El-Sayed et al,59 in
approximately 1 of 200 000 cases, the CEW darts had to be removed in the hospital. Bozeman
et al60 reported that, in 99.75% of CEW deployment cases, there were no injuries or only superficial
injuries due to penetration from the darts. In other studies, however, the prevalence seems to be
higher: according to Haileyesus et al,61 11 of 100 cases involved nonfatal injuries treated in a hospital
without any significant injuries among minors. In another study, 20% of a sample of minors had mild
injuries, such as bruises and scrapes.62 A large multicenter study showed that the position of the
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exposed individual (prone vs nonprone) during exposure did not seem to be associated with sudden
in-custody death rates.63 It is often challenging to compare these findings, given the differences in
methods and the definition and documentation of the injuries. There is, in any case, some risk of
injury with exposure to a CEW, but that chance appears to be small. eTable 3 in the Supplement
provides a summary of case studies identified during the literature searches, categorizing the injuries
per organ system.

Further investigation into the possible causal mechanisms between CEW use and human health
effects is needed. Although a large part of the literature concerns animal studies, animal models do
not necessarily approximate the possible effects of CEWs on the human body and the hypothesis
that the impact of CEW exposure on animals (eg, swine) and humans is similar, seems to be
problematic.64-66

For research transparency and replicability, the methods of experimental studies and clinical
trials on the human health effects of CEWs should be preregistered in the form of an open-access
protocol. Investigation of health outcomes could be expanded, assessing a broader range of possible
health outcomes, such as somatic and psychological symptoms in association with CEW exposure.
Although in terms of design, randomized clinical trials are used for the clarification of causal
relationships, the methodologic flaws of the existing literature and ethical considerations in this field
of research make the performance of observational studies the next timely step that would allow the
investigation of longer-term outcomes at the population level. A reliable monitoring system should
be established in which diagnosed health conditions, injuries, symptoms, and the extent to which a
CEW was deployed will be routinely registered in primary, secondary, or forensic health care services.

Strengths and Limitations
To our knowledge, this is the first systematic review that focused on the association between CEW
exposure and human health effects based on a preregistered protocol and a comprehensive search
strategy. No meta-analysis was possible owing to the high heterogeneity in the type and
operationalization of the outcomes investigated in the reviewed studies.

Conclusions

Based on currently published evidence in the peer-reviewed literature, the risk for adverse health
outcomes associated with CEW exposure may be estimated as low, when the same deployment
guidelines are applied as in the studies. However, it is not possible to draw conclusions about the
extent to which the existing evidence constitutes a good representation of real-life field situations.
For this reason, and until further data are available from more methodologically sound studies, it is
recommended to follow the precautionary principle, when applicable. By systematically evaluating
the health effects of CEW use in daily policing practice (physical as well as mental), it will become
clear to what extent the results reported in this review apply to real-life conditions. The involvement
of a physician or nurse in the health evaluation of cases in which a CEW was used and the
development of a health care database in which the associated health outcomes would be routinely
registered would provide further insight into the possible health impact of CEWs, especially for
potential at-risk groups.
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