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Less Lethal Force
My hospital has a contract to provide medical care to the county jail. At any one 

time, there are more than 10,000 inmates in the county jail facilities supervised 
by the sheriff’s office. We often see patients who are in custody and have sustained 
trauma, sometimes from less than lethal weapons. In my humble opinion, these 
devices reduce the risk of injury to the law enforcement officer when attempting to 
arrest or control a violent individual, and they greatly reduce the risk of serious 
injury or even death to the violent individuals themselves. However, even these less 
than lethal force weapons can cause significant damage when used at close range or 
on individuals with underlying medical conditions that render them vulnerable to 
the effects of these weapons. Like other conditions we see, the challenge to the emer-
gency physician is to detect the uncommon patient with serious injuries among the 
large population of walking wounded.

— J. Stephan Stapczynski, MD, FACEP, Editor

Case
The local team has just won the national championship at home, and the 

city-wide celebration has begun. Things have quickly gotten out of hand, and 
groups of celebrants have turned violent and are assaulting people in the street 
and setting cars on fire. Law enforcement has been called in to help control the 
situation. Law enforcement officers have deployed pelargonic acid vanillylamide 
(PAVA) balls, pepper spray, 40 mm rubber and wooden bullets, and conducted 
electrical devices on several groups of rioters, and EMS has been called to evalu-
ate those in custody. Scene safety for EMS providers continues to be an issue, 
and EMS can no longer stay on scene with the patients. Forty patients are now 
coming to you complaining of various pains, and some are short of breath. 
How are you going to prepare for their arrival? What injuries are you most con-
cerned about, and who will need your attention first when they arrive? How can 
you best triage these patients to ensure their safety while still maintaining con-
trol of your emergency department?

Introduction
The use of less lethal force by civilian law enforcement personnel originated 

during the 1960s during the civil rights and anti-war movements. These move-
ments helped to create situations in which large gatherings of people were com-
ing into contact with law enforcement officers. Given the emotional undertones 
to many of these situations, violent encounters were becoming more prevalent. 
As such, less lethal methods of crowd/riot control became a greater focus of 
attention for law enforcement. At the time, chemical irritants were the most 
prominently used method of riot control. These methods were essentially the 
civilian by-product of military research and chemical weapons programs.1 Other 
weapons, including wooden, rubber, and “bean bag” bullets, were also being 
introduced, but given constraints on civilian law enforcement budgets, these 
suffered from the lack of testing before being used.2 Electric shock devices 
based on the cattle prods used in livestock control were also initiated.  

The increased use of these weapons during well-publicized events helped 
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drive early policy makers to call for 
limiting the use of lethal weapons 
and developing alternatives to lethal 
weapons. In 1968, The Report of 
the National Advisory Commission 
on Civil Disorders recommended 
that local officials, “Develop guide-
lines governing the use of control 
equipment and provide alternatives 
to the use of lethal weapons. Federal 
support for research in this area is 
needed.”3

In 1985, a landmark Supreme 
Court decision placed significant 
attention on the subject of less 
lethal force. The Supreme Court 
case (Tennessee v. Garner) involved 
a 15-year-old who was killed flee-
ing the scene after stealing $15. The 
decision limited the permissible use 
of deadly force against fleeing sus-
pects and helped to push progress in 
the area of less lethal force.4

In response to this decision, 
Attorney General Edwin Meese con-
vened a conference in 1986 focus-
ing on less lethal force. After this 
conference, the National Institute 
of Justice established a less lethal 
technologies program. This program 
expanded over the years to include 
research, development, and testing 
of less lethal weapons. The incident 
between law enforcement and the 
Branch Davidians in Waco, TX, in 
1993 served to further accelerate 
efforts in the development of less 
lethal weapons technology. Private 
industry also began to develop and 
market less lethal force weapons 
for both law enforcement and as 
personal protective weapons for 
private citizens, which is now a 

multi-million dollar industry, with 
TASER International reporting 
$22.9 million in net sales for the 
fourth quarter of 2010.5 With this 
increasing availability and use of less 
lethal weapons, the practicing emer-
gency medical provider can expect to 
see patients that have been subjected 
to these devices.  

Historically, the term “non-lethal” 
has been used to describe these 
weapons. It is important to recog-
nize that the term “less lethal” is 
more appropriate, as there have been 
reported deaths following the use of 
these weapons. While in most cases 
less lethal options offer a safer alter-
native to traditional use of force, it 
would be difficult to establish any 
weapon as non-lethal under all cir-
cumstances, given the variety of situ-
ations these methods may be used in. 
As an example, less lethal means are 
now being recognized as a preferable 
alternative, when possible, in subdu-
ing a person who may be suffering 
from excited delirium, a condition 
that some have argued is potentially 
fatal regardless of how it is man-
aged, where commonly more lethal 

methods may have been used. 
Common misconceptions about 

less lethal methods include that they 
are or should be painless. They are 
not. All less lethal systems use dis-
comfort to encourage submission and 
compliance. Another misconception 
is that they are harmless. Because less 
lethal systems are distance and target 
sensitive, they are capable of causing 
blunt or penetrating traumatic injury, 
even when used appropriately. When 
used as an alternative to more lethal 
force, less lethal methods almost cer-
tainly provide a preferable alternative. 

In general, less lethal methods fall 
into three broad categories: con-
ducted electrical devices (CEDs), riot 
control agents, and specialized pro-
jectiles. This paper will discuss the 
basic science behind these weapons, 
some of the controversy surrounding 
use of these weapons, and a practical 
clinical approach when encountering 
a patient in the ED who has come 
into contact with these weapons. 

Conducted Electrical 
Devices

Description. Some of the most 

 z Less lethal force systems are distance- and target-sen-
sitive — capable of significant injury even when used 
appropriately.

 z Conducted electrical devices (CEDs) use high voltage 
but low amperage to induce skeletal muscle contraction, 
and there is no proven causal relation between CEDs 
and myocardial damage or cardiac arrest.

 z Riot-control chemicals produce irritation to skin and 
mucous membranes.

 z Specialized projectiles can produce significant blunt 
force trauma (e.g., pulmonary contusions, facial frac-
tures) at close range.

 z Excited delirium is associated with sudden and unex-
pected cardiac arrest and is best managed with chemical 
sedation as opposed to physical restraints.

Executive Summary

Figure 1: CED Barb Figure 2: CED Barbs

Image courtesy of Christopher 
Colwell, MD.

Image courtesy of Christopher 
Colwell, MD.
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common less lethal devices used by 
law enforcement agencies in this 
country are CEDs, with the most 
common of these being the products 
made by TASER International, com-
monly referred to as the TASER®. 
These devices work by delivering a 
series of pulsed electrical shocks and 
can deliver these shocks in two ways. 
In the first method, two metal barbs 
that are propelled toward a target 
deliver the pulsed shocks. The barbs 
remain connected to the deployment 
device by two insulated wires. (See 
Figures 1 and 2.) When engaged, 
the device delivers pulsed electrical 
shocks of 0.36 joules at up to 50,000 
volts. The 0.36 joules delivered per 
second is about 1/100th of what is 
considered dangerous to the human 
body. This method is commonly 
referred to as the “probe mode.” 
(See Figure 3.) The probe mode has 
a distinct advantage of being able to 
be deployed up to 35 feet away from 
the subject, although greatest accu-
racy is in the range of 12 to 15 feet.6 
This has the benefit of potentially 
reducing the amount of physical 
contact between officer and subject. 
This can be beneficial for both the 
law enforcement officer and the sub-
ject. Shocks of the same strength can 
also be delivered in the “stun mode,” 
in which direct contact is made 
between the front of the device and 
the subject. (See Figure 4.)

The goal of the CED is to induce 
skeletal muscle contraction, render-
ing the subject motionless, or, in 
other words, temporary incapacita-
tion by “electro-muscular disrup-
tion” without inducing loss of 

consciousness. The ultimate objec-
tive is to assist in the submission 
of a subject without causing any 
permanent or long-term damage. 
While the device is capable of being 
deployed on any part of the body, 
it is commonly recommended that 
the face and genitals be avoided. 
TASER International describes the 
suggested target zones for CEDs as 
low center of mass (below the chest) 
when shooting the front of the sus-
pect, and below the neck and away 
from the spine when shooting the 
suspect from behind, taking care to 
avoid the head, chest, genitals, or 
known injury sites when operation-
ally feasible.5

Epidemiology. As described in the 
introduction, there is increasingly 
widespread use of CEDs in both 
law enforcement agencies as well as 
for personal use. It is estimated that 
approximately 15,500 law enforce-
ment agencies from 40 countries 
currently use CEDs.7 Many thou-
sands of CEDs have also been sold 
to private citizens for personal use.5 
Given the widespread use of these 
devices and the variance in how they 
are medically evaluated, it seems rea-
sonable to assume that the practicing 
emergency physician may be called 
upon to evaluate a patient after com-
ing into contact with one of these 
devices.

Physics of the Conducted 
Electrical Device. Understanding 
the basics physics of how CEDs work 
will help in the overall understanding 
of the potential physiological effects 
on patients. Deaths have occurred 
after shocks delivered from common 

household electrical sockets, which 
are 110 volts or less, while CEDs can 
deliver up to 50,000 volts to a sub-
ject and appear not to directly induce 
bodily injury or death. If voltage 
were the only determinant of injury 
severity, birds would not perch them-
selves on 10,000-volt high power 
lines. A common adage in physics 
states, “It’s not voltage that kills, 
its current!” While this is essentially 
correct, a little more explanation is 
needed. 

The basic concepts of electrical 
injury are based in Ohm’s Law. (See 
Figure 5.) Voltage is a measure of 
how much potential energy exists to 
move electrons from one point to 
another within a circuit. The actual 
movement of the electrons is the 
current, measured in amperes. The 
resistance is the force in the circuit 

Figure 5: Ohm’s Law

Voltage = Current × Resistance

Figure 3: CED in Probe Mode Figure 4: CED Stun Mode

Figure 6: Rearranging 
Ohm’s Law

Current = Voltage
 Resistance

Image courtesy of TASER International

Image courtesy of TASER 
International
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that opposes the flow of electrons. 
A commonly used analogy to help 
understand these concepts is to think 
about a contained plumbing system. 
The voltage is equivalent to the 
water pressure that can be created by 
a water pump, the current is equiva-
lent to the actual flow rate of the 
water, and the resistance is equivalent 
to the size of the pipes. 

Rearranging Ohm’s Law and 
expressing it in terms of current 
results in the formula found in 
Figure 6. Essentially, the amount 
of current flowing through a body 
is equal to the amount of voltage 
applied to the body divided by the 
electrical resistance offered by the 
body.8 Table 1 shows current levels 
as they relate to probable effects on 
the human body.

Most CEDs on the market today 
deliver approximately 50,000 volts. 
However, the current these units 
deliver is only 2.1 to 3.9 milliamps.5 
To put this into perspective, com-
mon household outlets are around 
110 volts and create about 16 
amps of current, which is at least 

4000 times larger than the 2.1 to 
3.9 milliamps delivered by a CED. 
This is only a fraction of the cur-
rent required to induce a ventricular 
fibrillation.9

The Controversy. Manufacturers 
of CEDs assert that the devices pro-
vide law enforcement officers with a 
safer alternative to the use of lethal 
force.5 This is supported by statistics 
showing a decrease in injuries to 
both suspects and law enforcement 
officers. The city of Orlando, FL, 
reported a 67% reduction in suspect 
injuries when they added CEDs to 
their police force.10 Ventura County, 
CA, reported deputy injuries were 
down 70% in the first year of deploy-
ment.11 The Durham, NC, police 
department reported a 75% reduc-
tion in physical contacts.12 Statistics 
similar to these are replicated across 
many agencies. In fact, no agency 
has reported an increase in either 
suspect- or officer-related injury. 
Furthermore, a recent Department 
of Justice study concluded that the 
odds of a suspect being injured are 
decreased 60% when a CED is used 

when compared to the more tra-
ditional use of force.13 There have, 
however, been well-documented 
cases in which people have died after 
being exposed to a CED. It should 
be noted that a causal relationship 
has not been established between the 
use of the CED and the death of the 
subject. In many of these reports, 
the patient died many minutes or 
even hours after exposure to the 
CED, raising significant doubt as to 
whether electricity was the cause. 

The occasional high-profile cases 
will likely continue to call into ques-
tion the safety of CEDs. This occurs 
in spite of the fact that an estimated 
640,000 criminal suspects and 
human volunteers have been exposed 
to CEDs.14 The public controversy 
has helped fuel scientific interest in 
conducting research into the safety 
of CEDs. In the past five years, a 
number of studies, case series, and 
case reports have helped to address 
the safety of CEDs.

Emergency Department 
Evaluation

It is common in some areas to 
have patients brought to the emer-
gency department for “medical 
clearance” after being exposed to a 
CED. Many articles have researched 
potential injuries related to the use 
of conducted electrical devices and, 
from a clinical standpoint, there are 
only a few main concepts that need 
to be understood in order to manage 
these patients. These can largely be 
distilled down to three main ques-
tions: Does exposure to a CED cause 
clinically significant cardiorespira-
tory abnormalities? Does exposure 
to a CED cause clinically significant 
metabolic abnormalities? And, lastly, 
does exposure to a CED lead to 
significant traumatic injuries that 
require urgent or emergent medical 
evaluation and treatment? 

CED and Cardiorespiratory 
Abnormalities. A majority of the 
case reports and police reports that 
have involved the death of a subject 
proximate to exposure to a CED 
have noted that death has occurred 
anywhere from 5 to 40 minutes after 
the exposure.15 If the shock itself 

Table 1: Electrical Current Levels and Probable Effects on 
the Human Body9

Current Level (Milliamps) Probable Effect on the Human 
Body

1 mA Perception level
Slight tingling sensation

5 mA Slight shock felt, not painful but 
disturbing
The average individual can let go.

6-16 mA Painful shock; person begins to 
lose muscle control
Commonly referred to as the “let 
go range.”

17-99 mA Extreme pain, respiratory arrest, 
severe muscle contraction 
Individual cannot let go.

100-2000 mA Ventricular fibrillation threshold
> 2000 mA Cardiac arrest

Internal organ damage and severe 
burns
Death is probable.

Source: www.osha.gov/SLTC/etools/construction/electircal_incidents/
electrical.html
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induced cardiac instability leading 
to a lethal dysrhythmia, it would be 
expected to do so within seconds, 
not minutes, of the CED exposure.

A number of studies have looked 
at whether exposure to a CED 
induces dysrhythmias.16-21 None of 
these studies found dysrhythmias or 
any other clinically significant ECG 
changes, including ectopy, QT pro-
longation, or interval changes, in 
ECG findings. Additionally, a num-
ber of studies have trended troponin 
levels after CED exposure and found 
no troponin elevation, with one 
exception.17,14,20,22 The one patient 
who had an elevated troponin had 
a one-time increase at the 24-hour 
draw of 0.6 ng/mL (from a baseline 
negative of value of < 0.3 ng/mL). 
The patient received an extensive 
cardiac evaluation, including tread-
mill testing and myocardial perfusion 
studies. Both tests were interpreted 
as normal, and the patient’s tropo-
nin level was back to 0.3 ng/mL 8 
hours after the elevated lab draw.14 
Ho et al, in a study published in the 
Journal of Emergency Medicine in 
2009, looked at 25 human volun-
teers who exercised to exhaustion 
and then were subjected to a 15-sec-
ond CED application. The research-
ers concluded that prolonged 
application in exhausted individuals 
did not produce a detectable change 
in the ECG.23 Some studies have also 
looked at delayed ECG changes and 
have found no significant changes 
after 60 minutes or more.15,14,20 
Lastly, two studies had patients 
connected to echocardiography to 
analyze if there were any apparent 
functional abnormalities in the heart 
during CED exposure; they found 
none.18,19 It should be noted that 
most of these studies look at CED 
exposures of 15 seconds or less. 

Based on the current literature, 
routine ECG, telemetry monitor-
ing, and cardiac ischemia evaluation 
with troponin measurement are not 
warranted in the awake and asymp-
tomatic patient who has received 15 
seconds or less of CED exposure.

CED Exposure and Metabolic 
Abnormalities. Many of the early 
studies that evaluated the physiologic 

changes seen after relatively short 
exposures to CEDs were performed 
on healthy volunteers or animals, 
mostly swine.20,24 The changes seen 
during these studies include a mildly 
elevated lactate, as well as a decrease 
in pH and bicarbonate. These meta-
bolic derangements all returned to 
baseline within 30 minutes (human) 
to a few hours (swine). While these 
studies seem to indicate clinically 
insignificant changes in physiology, 
the fact that the subjects were clini-
cally healthy volunteers and animals 
raises the question of how applicable 
these results are to the population 
of often agitated and/or intoxicated 
individuals on whom these devices 
are used. Healthy individuals under 
normal circumstances can handle 
large physiologic and metabolic 
stress without significant clinical con-
sequences. Do these weapons cause 
physiologic alterations that, while 
clinically insignificant in healthy 
individuals, may be harmful in at-risk 
populations?26 

Some studies have attempted to 
better simulate these conditions by 
analyzing the effects of CED expo-
sure of physically exhausted human 
volunteers and have found that the 
metabolic derangements remain clin-
ically insignificant.23,25 Furthermore, 
a large, prospective, multicenter 
analysis of 1,201 “real life” exposures 
to CED in 2009, which primarily 
looked at traumatic injury, yielded 
only one patient with rhabdomy-
olysis that was not clearly linked to 
CED exposure, and no other appar-
ent significant physiological changes 
manifested in this population.27

The conclusions of these stud-
ies are that while some metabolic 
derangements do occur after CED 
exposure, they are transient and not 
clinically significant. Therefore, in 
an asymptomatic patient, there is no 
evidence to support routine labora-
tory evaluation of patients based 
solely on CED exposure. 

CED Exposure and Traumatic 
Injuries. Exposure to the CED 
itself causes very little traumatic 
injury. The most common traumatic 
injuries seen after CED exposure 
are the puncture wounds caused 

by the barbs that are fired from the 
device. Commonly, providers are 
called on to remove the bards from 
the CED that remain embedded 
in the skin. The barbs are relatively 
easy to remove. First, ensure that 
the electrical device is no longer 
engaged. Second, cut the insulated 
wires connecting the barbs to the 
device. Next, stabilize the skin 
around the barb with your non-
dominant hand. Firmly grab the barb 
at the base close to where it enters 
the skin. With a quick, firm move-
ment, pull the barb out of the skin. 
After removal, inspect the barb to 
ensure that you have removed the 
entire barb and that no foreign body 
remains embedded in the patient. If 
you are unsure, a quick X-ray may be 
helpful. Finally, provide local wound 
care to the affected area.  

It is important to keep in mind 
that there is always the possibility of 
traumatic injury secondary to falls 
or as a result of physical altercations 
with police. These injuries should 
be treated as clinically indicated. 
There is also a case report of thoracic 
compression fractures in a healthy 
volunteer who did not fall after 
exposure to a CED.28 The etiology 
of these fractures was thought to 
be the extensive muscle contrac-
tion induced by the device, so if a 
patient has significant orthopedic 
complaints following exposure, 
appropriate clinical evaluation is war-
ranted. It should be noted that falls 
after exposure to CEDs have resulted 
in significant injury and even death. 
Strote et al published the experience 
of the Seattle police department with 
CEDs over 6 years in the Journal 
of Trauma in 2010 and concluded 
that significant injuries were rare and 
admissions to the hospital were not 
related to law enforcement restraint. 
They did find one patient who had 
a positive troponin I. This patient 
was contacted by police after exhibit-
ing very strange behavior (agitation 
and eating dirt). Furthermore, on 
medical evaluation, the patient was 
noted to have a toxicology screen 
that was positive for cocaine and 
methamphetamines, suggesting that 
this patient’s elevated troponin was 
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possibly multifactorial.29 Bozeman et 
al did find two intracranial injuries 
resulting from falls after exposure to 
CEDs, but went on to conclude the 
99% of subjects do not experience 
significant injuries after CED use.27 

In summary, deaths that have 
occurred following exposure to 
CEDs do not appear to be electri-
cal deaths, nor does there appear to 
be a significant metabolic effect or 
direct trauma from the device itself. 
While some combination of toxic, 
metabolic, genetic, and environmen-
tal components cannot be absolutely 
excluded, no causal relationship 
can be identified based on current 
research. Some articles did note the 
high frequency of excited-delirium-
related fatalities in patients who died 
after application of a CED, high-
lighting the importance of evaluating 
patients for the underlying cause of 
the behavior that resulted in the use 
of the CED.30 

In terms of addressing concerns 
related specifically to the CED expo-
sure, a recent review of the literature 
concluded that the current medical 
literature does not support routine 
performance of laboratory studies, 
electrocardiograms, or prolonged 
ED observation or hospitalization 
for ongoing cardiac monitoring 
after CED exposure in an other-
wise asymptomatic awake and alert 
patient.31

Riot Control Agents
Riot control agents, sometimes 

referred to as chemical munitions, 
are highly potent sensory irritants 
that are designed to produce dose- 
and time-dependent acute site-
specific toxicity. They are chemicals 
that interact pharmacologically 
with sensory nerve receptors associ-
ated with mucosal surfaces and can 
be delivered by spray, aerosol, or 
projectile ball. The desired effect 
of riot control agents is to tempo-
rarily disable individuals through 
intense irritation of the mucous 
membranes and skin without caus-
ing permanent damage or sequelae. 
Chemical munitions focus on the 
areas of the body where sensory 
irritation occurs, namely the eyes, 

skin, and respiratory tract. Although 
military experience with harassing 
agents had prompted the utilization 
of these agents by law enforcement 
as a means of riot control, many of 
the military agents were not suitable 
for law enforcement use due to con-
cerns about the potential to produce 
total incapacitation or even fatalities. 
Unlike what may be called for in 
some military situations, riot con-
trol agents are intended to induce 
temporary disablement that is safe, 
effective, and can be disseminated 
readily. Commonly used riot control 
agents include chemical irritants such 
as oleoresin capsicum (OC) (also 
known as pepper spray), 1-chloroac-
etphenone (CN) (otherwise known 
as Mace), chlorobenzylidene malo-
nonitrile (CS), Adamsite (DM), and 
dibenz 1:4-oxazepine (CR). 

Diphenylaminochloroarsine was 
developed as a chemical variant of 
diphenylchloroarsine and is com-
monly known as Adamsite, with 
the military designation DM. It 
was produced worldwide until it 
was superseded by the CN-series 
(Mace).32 Mace was first synthesized 
in 1871, was used in World War I, 
and was the primary tear gas used 
by law enforcement and the military 
through the 1950s. CS stands for 
Corson and Stoughton, who first 
synthesized it in 1928 and replaced 
CN in military use in the 1950s. By 
the 1990s, oleoresin capsicum (OC) 
had become the standard chemical 
munition used.  

Oleoresin capsicum (pepper spray) 
has been increasing in use since the 
1980s, with numerous commer-
cial pepper spray products available 
over-the-counter for personal use 
as well as for law enforcement. It 
is a mixture of fat-soluble phenols 
called capsinoids and is derived from 
the natural oily extract from pep-
per plants in the genus Capsicum. 
Capsaicin makes up 80-90% of these 
capsinoids that make up OC. OC 
acts as a direct nerve irritant (pain) 
and stimulant for the release of 
peripheral neuropeptides. It binds 
with pain receptors that are respon-
sible for sensing heat and initiates a 
response that results in the sensation 

that heat is being released at the site 
of contact. Capsinoids have been 
shown to produce a neurogenic 
inflammatory response in human 
skin that is accompanied by a con-
comitant increase in sensitivity to 
elevated temperature, sensations of 
stinging and burning, and the devel-
opment of erythema.33 It is not flam-
mable and can be delivered by spray 
(5-15 feet) or projectile ball (30 
feet or more). The Denver Police 
Department has used pelargonic 
acid vanillylamide (PAVA), a syn-
thetic pepper derivative, instead of 
OC with its Pepperball devices since 
2001. There are seven levels of heat 
within the capsinoids, and PAVA rep-
resents the hottest of the seven. We 
are not aware of any studies compar-
ing outcomes of the synthetic com-
pounds to OC. 

The clinical effects result from irri-
tation and inflammation of the skin, 
eyes, and mucous membranes and 
include a burning sensation of the 
skin, eyes, and mucous membranes 
as well as increased lacrimation and 
mucous production. Specifically, at 
the biochemical level, capsinoids 
stimulate chemoreceptors in primary 
afferent nerve endings, resulting in 
immediate pain and burning sensa-
tion over exposed areas of the skin, 
ocular, nasal, and oropharyngeal 
tissues. They also cause the release 
of peripheral neuropeptides, includ-
ing substance P, a neurotransmitter 
involved in neurogenic inflammation 
that can cause vasodilation, capillary 
leakage of plasma fluids, and pain 
sensation. Some have reported tem-
porarily being unable to speak after 
exposure to pepper spray. No causal 
relationship with deaths in custody 
has ever been shown from the use of 
pepper spray. In 2000, Zollman et 
al looked at the effects of oleoresin 
capsicum on the human cornea and 
conjunctiva and found no serious or 
permanent ocular sequelae.34 This is 
in contrast, however, to other case 
reports that have noted more serious 
and, in some cases, permanent ante-
rior eye damage as a result of being 
exposed to OC.35,36

Treatment is focused on relief of 
the burning sensation associated with 
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exposure to these agents, includ-
ing cool water to the affected areas, 
fresh air, and management of any 
underlying conditions that may have 
been exacerbated by exposure to the 
agent. In particular, exacerbations 
of asthma, COPD, and sickle cell 
disease have been described in asso-
ciation with exposure to riot control 
agents. A number of topical therapies 
have been proposed to treat acute 
pain from exposure to pepper spray. 
In a study published in 2008, Barry 
et al looked at five treatment regi-
mens for pain from topical exposure 
to OC, including Maalox, 2% lido-
caine gel, baby shampoo, milk, and 
water and found no significant dif-
ference in the pain relief provided by 
any of the five regimens. Time after 
exposure appeared to be the best 
predictor for decrease in pain.37 

In summary, substantial evidence 
suggests that riot control agents are 
safe when used as intended. Medical 
management will most often focus 
on symptomatic relief and manage-
ment of underlying medical condi-
tions. Much like when managing 
patients who have been exposed to 
CEDs, it is important to consider 
what underlying condition or issue 
may exist that led to exposure to the 
riot control agent. It is this condition 
that may pose the greatest risk to 
your patient. 

Specialized Projectiles
Specialized projectiles, also called 

impact rounds, are projectiles 
that are shot out of a gun and are 
designed to provide stopping power 
by inducing pain through blunt 
trauma without inducing serious 
injuries. Specialized projectiles are 
used by law enforcement to incapaci-
tate individuals or as a riot control/
crowd dispersal device. 

Impact rounds are broadly classi-
fied into two categories: direct fire 
and indirect fire. Direct fire rounds 
are shot directly at the target, while 
indirect fire rounds are designed to 
be fired into the ground in front of 
the target and to rebound or bounce 
into the target. This design allows 
for dissipation of the projectiles’ 
energy prior to striking the target. 

Despite being shot from relatively 
high-powered guns, specialized 
projectile weapons are designed to 
employ the concept of kinetic energy 
to provide a less lethal means of inca-
pacitation or subject control. 

The kinetic energy of an object is 
the energy that the object possesses 
because of its motion. The kinetic 
energy of a point of mass is repre-
sented by the following equation:

Kinetic energy = 1/2 mv2

An object in motion can do 
“work” on anything that it hits. The 
kinetic energy equation quantifies 
the amount of work that the object 
can do as a result of its motion. 
Considering a specialized projectile 
shot out of a weapon, the impact 
round carries a certain amount of 

kinetic energy. The impact round 
can do “work” on the subject that 
it hits. In this case, the “work” 
done is infliction of pain by blunt 
trauma. The material used to make 
these impact rounds is typically less 
dense (less mass) than the lead nor-
mally used in bullets. The impact 
rounds are also fired at less velocity 
than traditional firearms. Looking 
at the equation, an object of less 
mass fired more slowly will have less 
kinetic energy and, therefore, do 
less “work” than a traditional bullet 
from a firearm. Impact rounds are 
also generally larger than traditional 
bullets and, therefore, have a greater 
surface area of contact, which further 
dissipates the energy, preventing pen-
etration. Practically, these features of 
impact rounds lead to blunt trauma 
rather than a penetrating injury. 

Types of Specialized Projectiles. 
Law enforcement agencies employ 
a number of different specialized 
projectiles by a number of differ-
ent weapons, or launchers. While an 
in-depth discussion of every type is 
beyond the scope of this review, an 
emergency medicine provider should 
be familiar with the general catego-
ries of these projectiles.

Baton Rounds. Baton rounds are 
the most similar in shape and size 
to traditional metallic bullets. Baton 
rounds are cylindrical objects that 
are the full bore of the firearm and 
are typically made of plastic, rubber, 
foam, or wood. (See Figures 7 and 
8.) In general, harder rounds are 
designed for indirect fire (otherwise 
referred to as “skip,” as they are 
often aimed to skip off the ground 
before hitting the subject), while 
rounds made of softer material can 
be used for direct fire. Some baton 
rounds can be fired from certain 
launchers from as far as 75 feet away 
from the subject. 

Bean Bag Rounds. Bean bag 
rounds consist of a fabric bag filled 
with small pellets. The fabric bag is 
flexible, which allows it to spread 
out against the target during con-
tact. This increases the surface area 
of contact and dissipates the energy. 
Wide and flat bean bags can be shot 
at close range. Drag-stabilized bean 

Figure 7: Rubber Baton Figure 8: Wood Baton
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bags are elliptical shaped bags with 
fabric tails that can be shot over lon-
ger ranges. (See Figure 9.)

Rubber Buckshot. Rubber buck-
shot rounds, commonly referred 
to as “stinger” rounds, consist of a 
number of small rubber pellets. By 
firing a number of smaller rubber 
pellets, each individual pellet con-
tains much less kinetic energy than 
an entire baton round. (See Figures 
10 and 11.)

PepperBall™. PepperBall™ is 
a less lethal agent delivery sys-
tem that uses high-pressure 
air launchers to deliver chemi-
cal agents from a distance. 

These can be used on individuals as 
well as large groups of people for riot 
and crowd control. This system com-
bines the kinetic impact (pain) with 
the discomfort and panic associated 
with the chemical munitions. The 
devices will typically fire lightweight 
plastic spheres at high velocity (up to 
400 feet per second) and can be fired 
from more than 30 feet away.38

Medical Evaluation. Specialized 
projectiles have the goal of induc-
ing submission by inflicting a level 
of painful blunt trauma to the victim 
without permanent damage. While 
marketed as less-lethal weapons, 
there have been some notable deaths 
following use of these weapons. In 
October 2004, Emerson College 

junior Victoria Snelgrove, 22 years 
old, was killed when a round made 
of plastic powdered OC and bis-
muth, a mineral commonly con-
fused with lead, fired by an FN 
303 launcher from a police weapon 
struck her in the eye. The projectile 
was being used by Boston Police to 
disperse a rioting crowd after the 
Red Sox game. While tragic deaths 
like these do occur, most emergency 
providers will be evaluating patients 
who have sustained blunt trauma as a 
result of being struck by a projectile.  

Management of these injuries 
will largely depend on the location 
of injury as well as extent of blunt 
trauma caused. One case series 
describes two patients subjected to 
rubber projectiles. In one case, the 
patient only sustained abdominal 
and lower extremity contusions 
and could be discharged relatively 
quickly. The other case, however, 
involved a patient who was shot in 
the low anterior chest from approxi-
mately 6 feet after the man began 
to mutilate himself with a knife. 
This patient suffered cardiac and 
pulmonary contusions requiring 
hospitalization.39 A number of sig-
nificant facial injuries have also been 
described in the literature.40 These 
cases highlight the range of blunt 
trauma that patients can suffer. It is 
important for the emergency medi-
cal practitioner to understand that, 
while less lethal than traditional fire-
arms, these weapons can inflict seri-
ous injuries. Management should be 
directed by patients’ clinical presen-
tation in accordance with accepted 
standards of management of blunt 
trauma. 

Excited Delirium
Excited delirium, also referred 

to as excited delirium syndrome or 
agitated delirium, is now a well-
recognized disease process seen 
most often by EMS providers and 
emergency physicians. Many patients 
suffering from excited delirium come 
into contact with law enforcement 
officers and, therefore, into situa-
tions where less lethal force, CEDs in 
particular, may be used.41 Given this, 
special mention of excited delirium is 

Figure 10: Rubber 
Buckshot

Figure 11: Rubber 
Buckshot Balls

Figure 9: Bean Bag Rounds



www.emreports.com   Emergency Medicine Reports / Volume 32, Number 19 / August 29 , 2011  233

important to include in a discussion 
of the medical evaluation of patients 
after the use of less lethal force.

The pathophysiology of excited 
delirium is poorly understood. 
Despite the lack of a clear-cut unify-
ing pathophysiological hypothesis, 
post-mortem studies of patients 
with excited delirium have provided 
some insight into the disease pro-
cess. Excited delirium is commonly 
associated with stimulant abuse, 
especially cocaine. However, patients 
who have died of cocaine-associated 
excited delirium have been noted to 
have similar cocaine concentrations 
as those found in recreational users 
and cocaine overdoses. This suggests 
a different mechanism of death than 
simple cocaine overdose.42 

Post-mortem studies of patients 
who have died of cocaine-associated 
excited delirium have demonstrated 
a decrease in the number of dopa-
mine transporters in the striatum 
that potentially leads to dopamine 
dysfunction in this portion of the 
brain.43,44 Furthermore, these post-
mortem studies have found elevated 
levels of heat shock proteins in these 
patients. While this may help explain 
the profound hyperthermia noted in 
patients with excited delirium, how 
this dysfunction leads to the develop-
ment of this disease process remains 
unclear. 

Given the uncertainty about the 
exact pathophysiological basis of 
the disease, excited delirium is com-
monly defined by its clinical presen-
tation. At a minimum, a patient with 
excited delirium must present with 
delirium and evidence of psychomo-
tor and physiologic excitation.42

The common scenario that has 
been described in published cases of 
excited delirium involves acute drug 
intoxication, often a history of men-
tal illness (especially those conditions 
involving paranoia), a struggle with 
law enforcement, physical or noxious 
chemical control measures or CED 
application, sudden and unexpected 
death, and an autopsy that fails to 
reveal a definite cause of death from 
trauma or natural disease.45 

Given the continued uncer-
tainty as to the exact cause and 

pathophysiology of excited delirium, 
treatment remains largely speculative 
and focused on supportive care and 
reversal of obvious clinical and labo-
ratory abnormalities.42 Based on the 
usual clinical presentation of these 
patients, the main factors that need 
to be aggressively managed include 
agitation, acidosis, and hyperthermia.  

Many excited delirium deaths fol-
low a significant physical struggle. 
This physical struggle may be a sig-
nificant contributor to the catechol-
amine surge and metabolic acidosis 
often seen in these patients.46 As 
such, physical restraint should be 
limited to only what is absolutely 
necessary to keep the patient, law 
enforcement officer, and the medical 
provider safe, taking care to avoid 
placing the patient in a prone posi-
tion or “hog-tying” the patient. 
The cessation of struggling in an 
agitated patient should be consid-
ered an ominous sign. The initial 
decompensation in some situations 
may be respiratory arrest as opposed 
to cardiac arrest, so airway manage-
ment and advanced cardiac life sup-
port measures may be life-saving 
in these circumstances.47 There are 
cases, however, in which the patient 
cannot be resuscitated even when 
the cardiopulmonary arrest occurs 
in the setting of a well-staffed and 
well-equipped emergency depart-
ment, suggesting that cardiac arrest, 
in at least some of these patients, 
is a terminal event despite optimal 
management.42 

Agitation should be managed with 
aggressive chemical restraint. The 
IV route of administration is prefer-
able to the IM or IN route; however, 
these alternative routes of adminis-
tration may be required to help calm 
the patient and facilitate IV place-
ment. Commonly used agents for the 
control of agitation include benzo-
diazepines (midazolam, lorazepam, 
diazepam), antipsychotics (haloperi-
dol, droperidol), or ketamine.45 

Acidosis should be anticipated 
and managed accordingly. In cases 
where the acidosis may be related to 
hypovolemia, management should 
be initiated with judicious IV fluid 
resuscitation. Depending on the 

level of acidosis, bicarbonate may be 
given, although there has been no 
proven benefit in these situations. In 
extreme circumstances, patients may 
need to be chemically paralyzed and 
mechanically sedated. Finally, hyper-
thermia should also be anticipated 
and managed accordingly. Cooling 
techniques, such as those that might 
be used in cases of suspected heat 
stroke or exhaustion, are appropriate 
and include removal of the patient’s 
clothes, reducing the temperature in 
the treatment room, and evapora-
tive cooling techniques. Ice packs 
or infusion of cold saline can also be 
used. 

Summary
There are many less lethal options 

available now to law enforcement 
officers, and it is likely that emer-
gency physicians will be called upon 
to evaluate patients who have been 
subjected to less lethal force. Much 
like when air bags where first initi-
ated in motor vehicles, there are 
injury patterns that do exist with 
each method of less lethal force, but 
the overall impact has been positive. 
The incidence of injuries associated 
with law enforcement use-of-force 
can be reduced dramatically when 
agencies responsibly employ less 
lethal weapons in lieu of more tra-
ditional uses of physical force. The 
overall impact of less lethal technol-
ogy has been a decrease in suspect 
injuries, a decrease in law enforce-
ment officer injuries, and decreased 
use of lethal force.48 Knowing what 
type of force your patient was sub-
jected to and the specific issues 
related to that technology will be 
important when managing these 
events. Most deaths associated with 
less lethal force in the medical litera-
ture have been attributed to issues 
such as cocaine and methamphet-
amine intoxication and pre-existing 
underlying health conditions. 
Medical management will often need 
to focus on identifying and treating 
the underlying cause for the behav-
ior that led to the use of less lethal 
force, such as excited delirium, acute 
psychosis, or drug intoxication. In 
addition to identifying and treating 
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the underlying problem, medical 
attention may include an assessment 
of respiratory status, irrigation of eye 
and skin contacts, and wound care 
as appropriate. An understanding of 
what less lethal options can cause, 
and what they are unlikely to cause, 
will help the emergency physician 
focus assessment and treatment in 
these often difficult situations. 
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Physician CME Questions

51. Despite delivering 50,000 volts to the 
subject, what level of current is actually 
created by use of a conducted electrical 
device?
A. 0.1 to 1.0 milliamps
B. 2.1 to 3.9 milliamps
C. 100 to 500 milliamps
D. > 1000 milliamps

52. If an awake, asymptomatic patient arrives 
to your ED for “medical clearance” fol-
lowing an exposure of 15 seconds or less 
to a conducted electrical device, what car-
diac evaluation is indicated based on the 
literature?
A. admit to telemetry for 24 hours of 

observation
B. full cardiac ischemia evaluation in the 

emergency department
C. admit for cardiac echocardiography 

and stress testing
D. no specific cardiac evaluation beyond 

a physical exam is indicated

53. If an awake, asymptomatic patient arrives 
to your ED for “medical clearance” fol-
lowing an exposure of 15 seconds or less 
to a conducted electrical device, what 
laboratory evaluation is indicated based 
on the literature?
A. No routine laboratory evaluation is 

indicated.
B. Send troponins to rule out myocardial 

ischemia caused by the CED.
C. Order comprehensive metabolic 

panel.
D. Order CK to exclude rhabdomyolysis.

54. Following a less-than-15-second exposure 
to a CED, the literature would suggest 
that which of the following injuries/
presentations are actually caused by the 
CED?
A. full cardiac arrest
B. profound metabolic acidosis
C. prolonged cardiac arrhythmias
D. mild elevations in lactate

55. It is well documented that the use of 
CEDs has:
A. increased injuries to suspects
B. increased injuries to officers
C. reduced physical contact between offi-

cers and suspects
D. increased physical contact between 

officers and suspects

56. What clinical effects are expected from 
exposure to pepper spray?
A. extreme dry eyes
B. dry cough
C. increased lacrimation
D. cool sensation to the exposed skin

57. Which of the following appears to be the 
best predictor for decreasing pain associ-
ated with topical OC exposure?
A. baby shampoo
B. Maalox
C. time from exposure
D. 2% lidocaine jelly

58. When sprayed into the eyes, what effects 
does oleoresin capsicum (OC ) appear 
have on the cornea?
A. acute glaucoma
B. no permanent  effects have been 

noted
C. permanent corneal scarring
D. blindness

59. Impact rounds are designed to be safer 
than traditional firearm rounds, partly 
because they:
A. are heavier than traditional rounds
B. are faster than traditional rounds
C. are slower than traditional rounds
D. are made of harder material than tra-

ditional rounds

60. Specialized projectiles have been 
described to cause which of the following 
injuries?
A. death
B. severe facial injuries
C. cardiac contusion
D. pulmonary contusion
E. all of the above
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Less Lethal Force

Electrical Current Levels and Probable 
Effects on the Human Body

Current Level (Milliamps) Probable Effect on the Human 
Body

1 mA Perception level
Slight tingling sensation

5 mA Slight shock felt, not painful but 
disturbing
The average individual can let go.

6-16 mA Painful shock; person begins to 
lose muscle control
Commonly referred to as the “let 
go range.”

17-99 mA Extreme pain, respiratory arrest, 
severe muscle contraction 
Individual cannot let go.

100-2000 mA Ventricular fi brillation threshold
> 2000 mA Cardiac arrest

Internal organ damage and severe 
burns
Death is probable.

Source: www.osha.gov/SLTC/etools/construction/electircal_incidents/
electrical.html
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